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PEEFACE 


I'liE publica ^on of v^ie present edition of this work has been delayed ciidjum- 
stances arising out of the Groat War. Some of those who contributed to previous 
editions were actively engaged os combatants ; others were employed in munition 
work or in industries closely associated with such work, and consequently were 
unable to find time or opportunity to revise their articles until the conclusion of 
hostiUtics. Some valued contributors were no longer with us, and it was 
necessary to make fresli arrangements in regard to new writers. Provision also 
had to be made for additional articles necessit?ited by the development of cheiniwil 
industry since the date of the previous edition. From the fact that practically 
the whole chemital energies of the country were concentrated on the prosecution 
of the war it was impossible to make rapid progress with the revision of a work 
of this magnitude. 

It has lH3come a truism to say that Applied Chemistry has exercised a profound 
influimce on the character and direction of the war. It is equally true that the 
war has exorcised a great influence on Applied Chemistry. It has led to an 
enormous expansion, mr)re or less permanent, of certain branches, lK>lh in this 
country and abroad. Now products have iKjen made, new proce.^ses have been 
devised, and established nietlynls have be<‘n improved and extended. In spite of 
tlie ecommiic and other evils which ha^e followe<] in its train, there can Ik? no 
doubt that the war will Ikj found to have permanently aflected for good the 
progr(‘ss of manufacturing chemistry in this country, and indeed in all English- 
Rjveaking countries. Whilst the disturbance and strain of the pist half-do/en years 
have .scriou.sly afTecttnl the development of pure science and the output of chemical 
researcli, Applied rheniistry has Ixjen quickened iu certain directions. Tlie 
financial and industrial collapse' which has overthrown our late enemies will, it may 
Ik* prosuinotl, tend still further to accelerate the expansion of our own chemical 
manufactures. («erraany, for the present at all events, uo longer holds tlie 
M^j^reme position in certain branches in chemical industry that she enjoyetl prior 
to 1914, and it may be doubtod whether, under her altered social ami economic 
conditions, she will ever recover it. 

It is t(K> soon to Ih? in a jwsition to chronicle all the I'esults, as regard.s chemical 
manufacture, which have arisen from the intrusive application of chemists during 
the past strenuous years. Much is of a character that in the present disturlxni 
state of the world it would l)e inexpedient to make public. On certain matters, 
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indeed, no authoritative information can be obtained.^ This will explain why 
manufacturing details of several new processes in cor.neqtion with munitions hav« 
not been given. ^ ^ 

The entire work has been carefully revised, ^n^ so much newt matter iilcludeS 
that *it has been found necessary to enlarge it, and six volumes wiii certainly l>e 
needed, and it is possible that a seventh will be requit^^. It is to bq hoped that 
in its present form the book may still be considered as a reasonably adeq<late 
presentr*tion of the state of contemporary knowjedge concerning the applica- 
tions of Chemical Science. * 

A lisj of the q^)ntributors, with the titles of their articl^, is pr^.'ix^drto the 
several volumes. Their names and standing are a sufficient guaranwee that, as in 
previous editions, every effort has been made to make the Dictionary a faithful 
record of the preserff relations of chemistry to the arts and sciences. 
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Phil, Trans . . . . 
PhotJ, .... 
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AAL, AX, ACH, ArCH. Native names for 
the roots of Morinda tinctoria and M. atrifolia, 
employed in various parts of India, under the 
general trade name of Suranji, as a dyestuff, 
more especially for dyeing reds, purples, and 
chocolates. 

ABACA. A species of fibre derived from 
Musa texiilis (N4e), obtained mainly from the 
Philippine Islands, and used in the manu- 
facture of mats, cordage, &o. It is also known 
under other names, including * Manilla hemp,’ 

‘ Menado hemp,’ ‘ Cebu hemp,’ ‘ Siam hemp,’ 
and * White rope,’ Less valuable fibres are 
obtained from other species of Miisa, such as 
M, sapieutum (Linn.), the banana and plantain, 
which yield banana fibre and plantain fibre. 

ABANONE. Trade-name for a pharma- 
ceutical preparation of magnesium phospho- 
tartrate. 

ABIES. The generic name of the Silver Firs. 
A. aUba (Mill.) [^4. pectinata (EC.)] furnishes 
timber very similar to the white deal of Picea 
excelaa, the common spruce. It is the source | 
of * Strasburg turpentine,’ containing free abienic, \ 
abietric, and a- and ^-abietinolic acids, and an 
amorphous substance abietoreacn, an ethereal oil 
of agreeable aromatic odour, a bitter principle 
and colouring matter (Tschirch und Weigel, Arch. 
Pharm. 1900, 238, 411). 

A. Canaamaia is the source of Canada balsam, 
which contains canadic, canadoUc, and a- and )3- 
canudiTiolic acids, an ethereal oil, canadoresen ; 
and small quantities of succinic acid and a bitter 
substance. The acids contain no methoxyl 
groups and give the cholesterol reactions, in- 
clu'^inicr that of Tschugaeff {l.c. 1900, 238, 487). 

ABiETENE. A hydrocarbon obtained by 
distilling the terebinthinate exudation of Pinus 
sabiniana (Eoug.), a coniferous tree indigenous to 
( *alifomia, and growing on the dry slopes of the 
foothills of the Sierra Nevada and on the hills 
along the coast, and known locally as the Nut pine 
or Digger pine. To procure the exudation, the 
tree during winter is notched and guttered at a 
convenient height from the ground, and the 
resin on distillation yields the liquid hydro- 
carbon. The crude oil was met with in San 
Francisco as an article of commerce under the 
VoL. L— T. 


names of * Abietone,’ * Erasine,’ * Aurantine,* 
and ‘ Thioline,’ and was used for removing 
grease-spots, paint-stains, &c., from clothing. 
It is a nearly colourless mobile liquid of powerful 
aromatic smell, recalling that of oil of oranges. 

Abietone has been shown by Thorpe to consist 
almost entirely of normal heptane, C 7 Hi(„ mixed 
with a small quantity of a resin to which its 
characteristic smell of orange oil is duo (Thorpe, 
Ohem. Soo. Trans. 35, 290 ; Schorlommer and 
Thorpe, Phil. Trans. 174, 209 ; v. also Blasdale, 
J. Amer. Chem. Soo. 1901, 102). 

Schorger (J. Ind. En^. Chem. 1913, 5, 97 h) 
has shown that the volatile oil of Pinna jeffreyi 
consists of about 96 p.o. of n-heptane and 6 p.c. 
of an aldehyde, apparently citronellal. 

, Abieteno is also the name given to the hydro- 
carbon which is obtained as an oil by the reduc- 
tion of abiotic acid {q.v.) (Easterfield and Bagley, 
Chem. Soc. Trans. 1904, 1238 ; Kraemer and 
Spilker, Ber. 1899, 2953, 3614). Its formula is 
CigH^s* and it is probably decahydroretene, as, 
when carefully purified, and reduced with 
phosphorus and nydriodic acid, it yields a 
fluorescent hydrocarbon identical with the do- 
decahydroretene of Liebermann and Spiegel 
(Ber. 1889, 780). 

ABIETIG ACID. An acid obtained by digesting 
colophony with dilute alcohol and recrystallising 
the product from methyl alcohol (Maly, Annalcn, 
129, 54 ; 132, 249) ; or by saturating an alcoholic 
solution of colophony with hydrogen chloride 
and subsequently recrystallismg the product 
(Fluckiger, J. 1867, 727 ; c/. Cohn, Chem. Zeit. 
1916, 40, 791). It can also bo obtained by 
distilling colophony under reduced pressure 
or with superheated steam (Easterfield and 
Bagley, Chem. Soo. Trans. 1904, 1238). Natural 
colophony is, in fact, a vitreous modifica- 
tion of abietic acid. It occurs in resin spirit, 
from which it may bo obtained by extraction 
with ether, shaking with sodium carbonate 
solution and then acidifying. It is obtained 
in a purer condition by recrystallising from 
acetic <tcid, forms colourless tnangular plates ; 
m.p. 16r)°-167° (Tschirch and Wollf, Arch. 
Pharm. 1907, 1; 163°-164'’ (Mach, Monatsh. 
1893, 186; 150'’-162® (EUingson, J. Afner. 

B 
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Chem. Soc. 1914, 36, 325). The melting-point 
appears to be influenced by the manner of heat- 
ing. Occurs also in Storax. [ul^— 
According to Easterfield and Bagley and Mach, 
it is a derivative of phenanthrene, and has the 
formula O19H2SOS, whilst Levy (Ber. 1906, 3043), 
Koritschoner (J. Soc. Chem. Ind 1907, 641), 
Eahilon (J. Soc. Chem. Ind. 1007, 264), and 
V''8terberg (Ber. 1907, 120) represent its com- 
position as CgoHa^Og. Accoraing to Streckcr 
(Annalcn, 160, 131), Duvemoy (Annalen, 148, 
143), and Easterfield and Bagley (/.c.), abietie 
acid if^ identical with sylvio acid ; it is not 
identical with pimaric acid, which yields abietie 
id on distillation under reduced pressure. 
By distilling abietie acid under ordinary 
pressure, or, better, I y treatment with hydriodic 
acid, carbon dioxide is evolved, the hydrocarbon 
abietene CigHg** being formed (E. and B. l.c. , 
Levy, l.c. ; Kraemer and Spilker, Ber. 1899, 
3614). Oxidation withanitric acid yields dinitro- 
propane and fraas-cyclo-hexane 1 : 2-dicarboxyUc 
acid. Distillation with sulphur converts abietie 
acid into retene, C,hH, s (E. and B., l.c. ; Vester- 
berg, Ber. 1903, 4200). Oxidation with potas- 
sium permanganate yields an acid OigHieOj, 
m.p. 123° (Mach, Monatsh. 1894, 627) ; and a 
method has been devised by Endemann (D. R. P. 
183328; Chem. Zentr. 1907, i. 1607) to oxidise 
resinous materials, containing abietie acid, to 
resin acids and inalonic acid. 

Abietie acid is related to retene and pinene, 
contains a ryrZo-hexane ring and an wo-propyl 
group, and has its carboxyl group attached to a 
tertiary carbon atom (Levy, Zeitsch. anoi^. 
(Jhem. 1913, 81, 146). 

tSodium and 'potassium abietatos are prepared 
by direct neutralisation ; the silver (wliite), 
copper (pale blue), calcium^ barium, strontium, 
c(Aall (lavender), nickel (greenish-yellow), iron 
(light brown), zinc, chromium (greenish -yellow), - 
aluminium, manganese (pale pink), and cadmium 
salts are obtained, by precipitation of solutions 
of salts of the respective metals bv a solution 
of the alkaline abietato (Ellingson, l.c.). 

It is converted by the hydrogenation method 
of Willstatter and Hatt into hydroabietic acid 
CiJIsjOj, m.p. 176°-179°,[a]if- 16*86°, identical 
with the acid obtained by Maly bv reduction 
with sodium amalgam and alcohol. For the 
optical isomerism of the abietio acids, see 
Schulz, Chem. Zeit. 1917, 41, 666. 

Detection and Estimation . — ^The following 
colour reactions may be used for detecting 
abietie acid: — (1) 3 vols. of cone, hydro- 
chloric acid and 1 vol. of ferric chloride sol. 
give a violet red colouration ; (2) sulphuric acid 
dissolves abietio acid to a red solution; (3) when 
heated with dry chloroform, acetic anhydride 
and sulphuric acid, a purple red colour is pro- 
duced changing through violet and blue to a 
greenish bhek (Mach. l.c.). In order to estimate 
abietie acid in resins, &o., 10 grma. of the aub- 
starice are refluxed with 20-25 0.0. of 10 p.c. 
alcohoiio ])otjish lor ^ houi on a water- bath ; the 
resulting soap is decomposed with dilute hydro- 
chloric acid, and the separated resin filtered off, 
washed with cold water and dried. It is then 
powdered and extracted with 60 0.0. of hot 
petroleum ether. From this solution abietio acid 
is piccipitated by ammonia, filtered off, dried on 
tlie water- bath, and thft ammonia expelled by 


gentle heating. The residue represents the 
amountot crude abietie acid in the sample (Rebs, 
Chem. Zentr. 1/^07, i. 997). 

Abietie acid* (or colophony) is used in assisting 
the growth of lactic or butyric ferments, as it 
favours the production of that which is present 
in the ireatet (Quantity and sunT'ressos the 
other. lo promises to be of great use in the 
fermentation industry in puvontmg infection 
(Effront, Compt. rend. 136, 1666), (v. Colo- 
phony). 

ABISOL. Trade name for a 40 p.c. olution 
of sodium bisulphite. Used as a disinfectant 
and pregfcpvativo. 

' ABRASIVES. The various hard substances, 
chiefly of mineral origin, used for abrasive pur- 
poses faU naturally into the fo’lowm*^ groups, in 
which the hardness is roughly inversely propor- 
tional to the complexity of chemical composition. 

Elements. — Diamond {q.v.)m the hardest of 
all substances (hardness = 10 on Mohs’s scale). 
Inferior material of no use for gems is known as 
bo art (or bort), and is cru.‘4hod to powder and 
much used by lapidaries. Diamond powder is 
the only material with which diamond itself can 
be ground and polished. Embedded hi the edge 
of a thin disc of soft iron, diamond powder 
is largely used for culling gem-stones and thin 
sections of rock specimens, and also for slicing 
larger blocks of the hanler ornamental stones. 
A black, compact variety of diamond known as 
carbonado (‘ carbonat' * or * carbon’) is em- 
bedded in the htcel crowns of rock-drills. 

Amongst artificid products, steel and some 
other hard metals are used for abrasive purposes. 
The so-called crushed steel, made by quenching 
white-hot crucible steel, is used in the stone- 
cutting trade. Tantolum is an extremely hard 
metal and may in future find some application 
depending on hardness. 

Carbides. — Carborundum^ (5^-v.) or silicon 
carbide, CSi (H.=9I), is prepared artificially m 
the electric furnace from petroleum-coke and the 
purest quartz-sand, and is produced in large 
quantities at Niagara Falls. It is largely made 
into sharpening stones and grinding wheels ; 
and sold under a variety of trade-names, e.g. 
crystolon, exolon, samite, &c. In lapidaries* 
work it has to a large extent taken the place of 
corundum ; but although harder than corundum, 
it has the disadvantage of being more brittle, 
and it soon rubs to flour. Carbide of boron, 
CBe, and silicide of boron, SiB..,, are also remark- 
able on account of their intense nardness (H, 
Moissan, Compt. rend. 1894, cxviii, 566). 

Oxides. — Corundum {q.v.) AI2O3 is, next 
to diamond, the hardest of minerals (H. » 9). 
The impure variety, emery {q.v.), is not quite so 
hard. The crushed and graded material is made 
into corundum wheels and emery paper, an'^ is 
much used in lapidaries’ work. Artificial 
corundum, known by the trade-names of 
‘ alundum,’ ‘ aloxite,’ ‘ adamite,’ ‘ borocarbone,* 
&c., is now manufactured in considerable 
amounts at Niagara Falls, by fusing bauxite in 
an electric furnace. * Corubin ’ is also an 
artificial corundum, formed as a by-product in 
the Goldschmidt thermite process. 

Quartz {q.v.) SiOj (H. = 7), and its several 

> So named by £. G. Achesou, in ld93, from carbon and 
corundum, becau'ie before It had been analysed, it was 
thuuglit to be a compound of carbon and alunuua 
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varieties find extensive applications. Millstones Prussia. These consist mainly of rock salt ; 
and grindstones are made of quartz-rock, Carnalliie, a double chloride of potassium and 
quartzite, burrstone (or buhr*'tone), grit, or magnesium ; Sylvine^ or potassium chloride ; and 
sandstone {q.v .) ; while scythe-itonci, oilstones Kieserite, or magnesium sulphate, v. Potassium. 
and whetstones (q.v.) consist of homstone, ABRIN. A brownish yellow soluble substance 
lydian-stone and other crmpact varieties of obtained from the seeds of Abrus precatorius 
quartz. In the form of sand, quafrtz iefused as a {Indian liquorice or Jequiriiy), Contains n 
sand-blast, in scouring-soap, for cutting and poisonous proteid, resembling, if not identical 
grinding marble, ..laking sand paper, &c. Tri- with,ricin. Lethal dose, according to Kobertjis 
poli or infusorial earth is a powdfi.y variety of only 0*00001 grm. per kilo body- weight ; V.e. 1 
opal (hydrated silica), and is used for polishing, to 100.000,000. 

Sili'aiea. — Garnet {q.v.) (H. = 6i-7i) is ABROTINE CoiHajONa is a crystalline 

used for making ‘ emery ’ paper and cloth ; and diacid fluorescent alkaloid from J^iemiaia 
felspar {q.v.) (H.— 6) is also used to' a small abrotannm, somewhat resembling quinine (Gia- 
degree. Silicate rocks are employed to a small cosa, Jalircsbcr. 1883, 1350). 
extent; e.gr. numice for polishing, and the mill- ABSINTH. {Absinthe^ Fr. ; Wcr?nu/br.r’ 

stone lavfl 'leucite-nephelinjp-teph^rite) of Nieder- Cor.) One of <he h st-known liqueurs or 

mendig on the Rhine, for rflillstones. cor<iials (</.?’.), is made chiefly at Lyons, Mont- 

Rejerpnccs . — J. V. Lewis, Abrasives (Mineral prTlicr and Pont arbor in Prance, and m foniior 
Industry, New York, 1916, 1917, xxv, 22-33) ; yo\^3 {vidp in ft a) nt NoufolAttl in Switzerbnd. 
F.J. Katz, Abrasive Materials (Mineral Resources It is a highly intoxicoting spirituous liquor 
of the United States, U.S. Oeol. Survey, 1916, flavoured with oil of wormwood {Artemisia 
1910, ii, 65-80); If. Ries, Economic Geology absinthium^ nat. ord. Composites) and other 
(New York, 1910, 284-297, with bibliography). essential oils as angelica, anise, cinnamon, 

£. J. S. cloves, fennel, hyssop, peppermint, &o. (v. Oils, 
ABRASTOL or Asaprol ‘ Etraaol, Trade Essential). 
names for the calcium salt of jS-naphthol- There are three distinct processes in the 
sulphonio acid, Ca(C,oH, 0803)2, SHjO, used in manufacture of absinth, viz. : maceration, dis- 
the clarification and preservation of wines. The tillation, and colouration. The leaves and flower- 
maximum quantity needed for this purpose is tops of Artemisia absinthium, together with the 
lOcrms. per hectolitre. According to Noolting other flavouring ingredients (which vary in kind 
anci Dujardin-Beaumc*z and Stacklcr, the sub- and quality according to the requirements of the 
stance is harmless from a hygienic point of view different manufacturers) are digested with spirit 
(see Mon. Sci. 1894, 8, 257 ; J. Soc. Chem. Ind. for periods varying from 12 hours to 10 days, 
1894, 177, 634). To detect its presence, according to the ternperaturo of the infusion anil 
Sangle-Perri^re proceeds as follows (Compt. the strength of th-* ‘ipirit used. The French 
rend^ 1893, 117,796) : 200 c.c. of the wino is manufacturers, as a rule, digest for short periods 
boiled for an hour in a reflux apparatus with at the temperature of an ordinary water bath, 
8 0.0. of hydrochloric acid, when the abrastol and with spirit containing about 85® alcohol, 
is hydrolysed to j8-naphthol, which may be whilst the Swiss maceration process was con- 
extracted with benzene, and the residue left ducted at air temperature with spirit somewhat 
after distilling the benzene sol. taken up with below British * proof * strength, or about 50° 
chloroform. A fragment of potash is dropped alcohol. 

into the chloroform solution, which is 1 oiled The infusion is distilledandthedistillatetrans- 
for 2 mins., when a blue colouration is pro- ferred to the colouring vessel containing small 
duced changing to green and finally becoming absinth loaves, balm and hyssop, dried and finely 
yellow. 0*1 grm. per litre may thus be detected, divided. This vesacl is hermetically sealed and 
The presence of abrastol in no way vitiates the is gently heated by steam to a temperature of 
determination of potassium sulphate (J. Soc. 60® in order to extract chlorophyll. After 
Chem. Ind. 1894, 177). Sinibaldi (Mon. Sci. 7, cooling, the green liquor is drawn off, and 
842) has given the following method : 25 c,c. of strained, if necessary, through a hair sieve. The 
the win: are neutralised by ammonia and shaken colouring is sometimes separately prepared and 
with 25 0.0. of amyl alcohol. After separation, added as required to the colourless distillate, 
the amyl alcohol is boiled to expel ammonia, and Occasionally the latter is sweetened by the addi- 
when cold is shaken with 0*25 o.c. ferric chloride tion of about 5 p.c. by weight of crushed 
sol. A grey-blue colouration denotes abrastol. white sugar. Chlorophyll for imparting the 
Qabutti (Chem. Zentr. 1904, 2, 370) proceeds green colour to absinth (and other liqueurs) is 
in a similar way, but instead of ferric chloride, frequently obtained from nettles, parsley, and 
employs phosphoric acid and formaldehyde spinach, and is free from objection provided the 
solution, when, in presence of abrastol, a vegetable matter is sound, 
green fluorescence is produced. (For other On keeping, genuine absinth assumes the 
methods, v. Sanna Pintus, J. Soc. Chem. Ind. yellowish tint appreciated by connobseurs, and 
1900, 933 ; Briand, Compt. rend. 1894, 118, its qualities generally are improved by ago. 
925 ; Carletti, Chem. Zentr. 1909, 2, 72. For Many objectionable varieties of absinth arc, 
colour reactions, v. Barral, J. Pharm. Chim. 1903, however, on the market, made from inferior 
18, [5] 206; Salomone, Chem. Zentr. 1907, i. 300.) spirit, to which essences and resins are added, the 
(For a review of the various methods of detec- former to give a fictitious flavour and the latter 
tion, V. Vitali, Apoth. Zeit. 1908, 23, 607 ; J. Soc. to produce the opalescence which occurs in 
Chem. Ind. 1908, 830.) genuine absinth on the addition of water, owing 

ABRAUM SALTS. (Ger. A5raitmsafze : 'salts to the liberation of the essential oils, resinous 
to be removed.*) The mixed salts found over- bodies, and colouring matters derived from the 
laying the rock-salt deposit at Stassfurt, in plants and seeds used in its manufacture. Other 
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coloiirinw matters than chlorophyll are also acid and with gold chloride, which is reduced on 
employed, as imJigo, sulphate ot copper, picric warming; yields volatile fatty acids on oxidation 
acid and turmeric or other vegetable colour, with nitric acid, and oxalic and picrio acids with 
Gum benzoin, guiacum and rosin are also used potassium ohron ate and sulphuric acid. With 
to produce 'milkiness* on dilution, and even tVohde’s reagen wit gives a brown colour, oharg- 
chloride of antimony is said to have been om* ing to violet, then l^iie ; and with sulphuric acid 
ployed for this purpose. brown, pc jsing through green to blue (Si^nver, 

To detect adulteration it is usually suffi- Arch. Fha^m. 230, 103 ; ana Bourcet, Bull. Soc. 
cient to determine the essential oils, resins, ohim. [3] 19, 537), J. 0. 

arid -colouring matters {vide Hubert, Ann. ABSINTHOL CjoHuO. The essential prin- 
Ohim. anal. 6, 409, and Nivi6re and Hubert, ciple of oil of wormwood derived from A r/emma 
Mon. Sci. 1895, 566). According to Hubert, absiiUhium (nat. ord. Compositoe)^ a plant 
absinth has a specific gravity of 0-8966 to indigenous to most European countries and com- 

0- 9982, * u,nd alcoholic strength of 47 to 72 parativel)^ recently introduced into the United 
p.p. by volume of absolute alcohol. The States of America, whence increasing supplies of 
average results of twelve samples expressed as the cheaper qualities of wormwood oil are now 
grams per litre were as follow-s : essential oils, obtained. 

1- 5 to 5-0; extractive, 0 36 to 1-72; acids. Although the oil go tained by the aistillation 
0 024 to 0-288; aldehydes, 0-005 to 0*155; fur- of wormwood has been known for at least four 
furol, 0*0002 to 0-007; ethers, 0-005 to 0-123. The centuries^ its chemical composition was first 
strength of absinth as imported into the United systematicaBylnvestigated in 1845, when Leblanc 
kingdom varied from ‘ iftoof ’ to about 20 over (Compt. rend. 21, 379) showed that its principal 
proof, and rather more than 3000 gallons were im- constituent, boiling at 203®, has the formula 
ported annually before the war. The amount rose C i oH , gO. This was confirmed later by Gladstone 
to 4000 gallons in 1915, since when its importation and other investigators (Chem. Soo. Trans. 17, 1), 
into the United Kingdom has been prohibited, and by Beilstein and Kupffer ( Annalen, ’ 70, 290), 

Although genuine absinth, taken in modera- who gave to the product the name * absintJid,' 
tion, has valuable qualities as a cordial, sto- and identified its dehydration product with 
machic, and febrifuge, its characteristic bitter cymene. 

principle, absinthiin {q.v.), is an active poison. Methods for the identification of absinthol 
having a very injurious effect upon the nervous have been described by Ouniasso (J. Pharm. 
system of those addicted to the habitual and Chim. 1907, 25 (180-2)) and Enz (Chem. Zentr. 
immoderate consumption of absinth. Legal 1911, ii. 576), but these can hardly be accepted 
measures have therefore been taken in various as conclusive of the presence of wormwood, 
European countries to control, restrict, or oven since thujone occurs in other plants. A negative 
prohibit its sale. In Prance, liqueurs may not reaction, however, proves the absence of worm- 
contain more than 1 gram per litre of oil of wood. 

wormwood or other oil of similar toxic nature, Semmler (Bor. 25, 3350) proved aKsinthol to 
whilst in Belgium and Swizerland the manufac- be a ketone identical with thujone or tanacetone, 
ture and sale of absinth have been entirely which occurs largely in other essential oils, as oil 
prohibited. J. C. of tansy, sage, and Artemisia barelieri. It is a 

ABSINTHIN or ABSINTHIIN C^ 5 H 2 o 04 . The colourless oily liquid of pleasant odour, strongly 
bitter princijilo extracted from the dried leaves dextrorotatory (about +68°), boils at 203®, 
of large absinth or wormwood {Artemisia density 0-9126 at 20®, and refractive index 
absinthium) is an active poison, and it is to 1*4495. 

its presence in oil of wormwood that the toxic Though isomeric with camphor, it differs from 
effect of absinth {q.v,) appears to be duo. that body in combining with sodium bisulphite 

Various formulae have been assigned to this and in not being converted into camphoric acid 
substance, the differences being due to the by means of nitric acid, nor into campho- 
difficulty of obtaining it in a pure state (Mein, carboxylic acid by treatment with carbon 
Annalen,8, 61; Luck, Annalen, 78,87 ;Kromayor, dioxide and sodium. With melted potash it 
Arch. Pharm. [2] 108, 129). gives a resin, but no acid. When heated with 

Pure crystallised absinthiin was first isolated PgSs and ZnCl 2 it yields cymene (Beilstein and 
by Uuquesncl (Bui. de Thcrapeutique, 107, 438). Kupffer, Ber. 6, 1183; Annalen,* 170, 290; 
Senger obtained absinthiin as a pale yellow Wright, Chem. Soc. Trans. 27, 1 and 319 ; 
amorphous substance melting at 65® and having Semmler, Ber. 25, 3343 and 27, 895). J. C.^ 
the empirical formula OisH^oO*. This formula ABUTILON INDICUM (Sweet), PETAREE 
was confirmed later by Bourcet, who found that or TUBOCUTY. The bark of this malvaceous 
the pure substance crystallises in fine white tree consists of long, thin, toi^h fibrous strips 
prismatic needles melting at 68®, the amorphous (bast fibres), and, according to jDymook (Pharm. 
form and lower melting-point found by Senger J. [3] 8, 383) and others, is worthy of attention 
being probably due to traces of a resinous as a source of fibre. 

impurity. ABYSSINIAN GOLD, A yellow alloy of 90*7 

According to Senger and Bourcet, absinthiin parts of copper and 8*3 of zinc. The ingot is 
is a gUcoside, free from nitrogen, and is decom- plated on one side with gold, and is then rolled 
posed by the action of dilute acids, or even by out into sheets, from which articles of jewellery 
boiling with water, into dextrose, a volatile oil, are formed in the usual way, the amount of 
and a solid resinous bodv of the aromatic series, gold on the finished article varying from 0*03 to 
It is soluble in alcohol, ether, chloroform, or 1-03 p.c. Known also as Ta/mi The term 
benzene; difficultly soluble in light petroleum, is sometimes applied in trade to Aluminium 
waten though more soluble in cold than in Bronze. 

boiliiffi: water. It gives a precipitate with tannic ACACIA BARK. Acacias Cortex, B. P. The' 
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dried bark of Acacia arabica (Willd) and of A. 
decurrena (Willd). 

ACACIA CATECHU (WUld) or KHAIR is a 
tree growing in various parts ol India. Its un- 
ripe pods and wood, ny decoction, yield a 
catechu (Agricult. Ledgei, 18P5, No. 1, and 
18l;6, No. ^5), know^ . by the name o Cntch or 
Kutch, which must not he confounded with the 
officinal catechu {Catechu pallidum\. It is used 
in the preparation of some leather and by dyers. 
The timber is also used for constructional and 
other purposes. 

ACACIA GUM v. Qums. 

ACANTHITE. A form of silver sulphide found 
at the Enterprise mine, near Rico, in black 
crystals of c thorhombio habit (Chester, Zeitsch. 
Kryst. M.. 1 . 189d, 20, 626) 

ACAROID RESIN or BOTANY BAY RESIN 

V, Xanthorrhoea BaUamSy art. Balsams. 

ACCIPENSERINE* A protamine belonging to 
the sturine group found in the testis of Acci- 
penaer atdlatua. Composition of the sulphate : 
085H7aO9Ni^,4HjSO4 (Kura64ff, Zeitsch. physiol. 
Chom. 1901, 32, 197). 

ACEN APHTHENE QUINONE. /Sfec Quinon es. 

AGERDOL. Trade-name for calcium per- 
manganate. 

ACETAL (diethyl acetal ; ethylidene diethyl 
ether; ethanediol (1 : 1) diethyl ether) Cell, ,08, 
or CH 3 *CH(OCaIl 6 )a. /SVe Acetals. 

ACETALS. Acetals are the ethers and 'esters 
derived from the so-cailcd flfmiVwZ-glycols, which 
are themselves for the most part incapable of 
existence ; such glycols possess the general 
formulas— 

R/ \OH 

(where Ri and Rj may bo cither hydrogen or 
aliphatic or aromatic radicals) ; they split up at 
once into water and the correspondmg anhydrous 
compound, which may bo an aldehyde or a 
ketone ; thus, in the case of ordinary acetalde- 
hyde, we have the relationships ; 

CH8-CH(OCOCH3)g Cll3CTl(()C.,lI-)8 

Ethylidene dlucplatc. Acetal 

±(CH8CO)aO ± 03 lJ 50 U 

Acotaldohvdo. 

t 

[CHa-CHlOlI)*] 

Etli^ lideuc Khcul. 

Acetals may thus bo given the general formula : 

\oR, 

(where Ri and R 2 are any alkyl or aryl radicals, 
and and R, any acidyl, alkyl or aralkyl 
radicals). 

We may distinguish two types of acetals, 
according to whether the products are alkyl 
ethers or acid esters ; the term * ucf tal ' is more 
usually applied to the former class. 

(a) Dialkyl Ethers of gom.-Glycola (Acetals of 
Aldehydes and Ketones). 

They are produced by boating alcohol and 
an aldehyde alone, but the yield is very poor 
*(Gouther, Annalen, 126, 62). A better yield 
is obtained by adding a small quantity of a 


catalyst such as ferric chloride, or a trace of 
acid to the mixture (Trillat and Cambier, Compt. 
rend. 118, 1277). Still better is the method of 
Fischer and Giebe (Ber. 30, 3053; 31, 545), 
consisting in passing 1 p.c. of hydrochloric 
acid into the mixture and heating, or allowing 
to stand for some time ; after washing with a 
little dilute potassium carbonate solution tl 0 
product is dried over anhydrous pote^siim 
carbonate and fractionated, the yield, however, 
is only about 50 p.c. in the case of diethyl acetal, 
as the reaction is reversible : 

R 0H0+20aH5-0H ^ R CH(OCaHch f HjO 

Acetals may also be made by passing pdro 
phosphine through the cooled mixture of 
aldehyde and alcohol ^Girard, Compt. rend. 
91, 629). 

The most convenient method for the pre- 
aration of acetals is, perhaps, that described 
y King and Mason (Eng. Pat. 101428), consist- 
ing in treating a mixture of an aldehyde and an 
alcohol with certain metallic salts — or their 
saturated aqueous solutions — such as the 
chlorides or nitrates of aluminium, calcium, 
cerium, magnesium, manganese, &c., thus 50 
grams acetaldehyde and 120 grams 95 p.c. 
alcohol are mixed and then 20 grams anhydrous 
calcium chloride are added. The mixture 
becomes warm, and is allowed to stand for some 
time, with occasional shaking. It has then 
separated into two layers, the upper of which is 
removed, washed with water, then with sodium 
carbonate solution, dried over calcium chloride, 
and finally over anhydrous potassium carbonate. 
It is then fractionated, and yields 120 grams 
acetal, or 90 p.c. of theory. The addition of a 
small quantity of an acid has the effect of 
causing the reaction to take place more quickly. 

It IS also possible to prepare certain acetals 
by healing another acetal with the desired 
alcohol : 

RCH(UUi)2-|-2R80H 

^ R*CH(OR2)8+2Ri-OH 
Thus on heating ordinary dieth)'! acetal with 
excess of methyl alcohol it is converted almost 
completely into dimethyl acetal (Delcpinc, 
Compt. rend. 132, 968 ; Bull. Soc. chim. [3], 
25, 574). The converse, however, does not hold 
good, since, on heating dimethyl acetal with 
excess of ethyl alcohol practically no reaction 
occurs (Gcuther and Bachmann, Annalen, 218, 
44). Ill general, the series of acetals can be 
descended by heating any member of the group 
with an alcohol containmg a smaller number of 
carbon atoms than is present in its alcohol 
residue. If a little hydrochloric acid bo added 
a balanced reaction takes place, and a certain 
proportion of all the possible products is ob- 
tained,, the products of higher molecular weight 
predominating (Del(^pine, Compt. rend. 132, 
331, 968). Another general method of wide 
applicability is that of Olaisen (Ber. 29, 1007 ; 
31, 1010 ; 40, 3903), consisting in treating the 
aldehyde or ketone with orthoformio ester in 
alcoholic solution in presence of a suitable 
catalyst, such as mineral acids, oxalic acid, 
ferric chloride, ammonium chloride, sulphate or 
nitrate, &o. {of. also Arbusow, ^er. 40, 3301 ; 
Claisen, ibid. 40, 3912). Orthoformic esUJtB can 
also react with alkyl magnesium salts to yield 
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acetals (Bodrouz, Oompt. rend. 138, 700 ; 
Tschitschiba!)iii, Ber. 37, 186), or with haloge- 
natod fatty esters in presence of zinc (Tschitscni- 
babm, J. prak. Chem. [2] 72, 320 ; Claisen, Ber. 
31, 1019) ; 

(0aH,O),-CHOCaH5+Br-CH(CH8)*COOR+Zn 
=(C,H60)2CH-CH(CHa)-C00R+CaHj0ZnBr 
(C,H 50 )a-CH-CH(CH 8 )-C 00 R 
^ (e 2 H 50)2 CH CH(CH,) C00H 

(C2H80)2 CH CH2-CH3 


Certain special methods for production of acetals 
are uvr'^able for formylal and diethyl acetal, 
and will be noted later. 

General Properties. — The true acetals, or 
dialkyl ethers of j/cm-glycols, are colourless 
liquids of pleasant ctLjreal odour, which can be 
distilled without decomposition. The lower 
members are somewhat soluble in water, by 
which they are slowly hydrolysed ; in presence 
of dilute acids the hyck'olysis is almost instan- 
taneous ; they are stable to alkalis even on 
boiling. With various metallic salts such as 
magnesium or zinc iodides, calcium chloride or 
magnesium bromide, double compounds are 
formed, c.g. MgBr 2 + 2 CH 2 (COCH 3 ) 2 , m.p. 112° ; 
Mgla+2CH3-CH(OC2H02, m.p. 86° (Timmer- 
mans, Ohem. Zentr. 1907, 1, 1007). The acetals 
form hydrates in certain cases ; thus, diethyl 
formylal forms a hydrate CH 2 ( 0 CaH 5 )a*H 20 , 
which is a liquid of b.p. 74°-76°, with an odour 
of rum, and dissolves in 15 parts water at 
20° C. ; the higher homologues also form mono- 
hydrates, boiling at lower temperatures than 
the acetals themselves (Trillat and Cambier, 
Oompt. rend. 118, 1278). 

The acetals are of considerable use in place 
of the free aldehydes or ketones for synthetic 
purposes, on the one hand, owing to their 
higher boiling-points {e.g. acetaldehyde, b.p. 20° ; 
diethyl acetal, b.p. 103°), and also to the fact 
that alcohol and not water is split oil in the 
condensation, which has a marked ctfcct on the 
yield. Thus in preparing vinyldiacctonoaniinc 
by condensing acetaldehyde or paraldehyde with 
diacetoncamine acid oxalate (Fischer, Ber. 
17, 1793 ; Heintz, Annalen, 178, 326 ; 191, 122 ; 
Harries, Ber. 29, 522), only a poor yield of 
product is obtained even on prolonged heating : 
but if acetal be substituted the reaction is com- 
plete in a few hours with almost quantitative 
yield (c/. King, Mason and Schryver, Eng. Pat. 
101738) owing probably to the absence of the 
inhibiting effect of water. 

' In addition, the acetals can be readily 
halogenated and converted into amino-, hydroxy-, 
alkoxy-, &c., derivatives, which react "like the 
corresponding aldehydes. I 

They can be separated from their aqueous 
solutions by the addition of concentrated 
calcium chloride solution. They are miscible i 
with alcohol and ether ; their vapours or solu- I 
tions in alcohol, benzene, or acetone slowly 
harden dry gelatine films (Beckmann and 
Scharfenberger, Chem. Zentr. 1896, ii. 930). 
When heated in a sealed tube with glacial acetic 
acid the correspondmg aldehyde is obtained 
(Beilstein, Annalen, 112, 239). 

Mixed acetals containing two different 
alcohol residues have been described by Bach- 
mama but according to Riibencamp 

(Annalen, 225, 271) andJTritz and Schumacher 


(Annalen, 279, 308), these consist of mixtures 
of two acetals in molecular proportions. Dele- 
pine, however '('ompt. rend. 132, 331, 968 
claims to nave ibtained mixed acetals. 
Formylab CH 2 (OR) 2 . 

Methiflal OH 2 ‘(^CHs )2 (dimethyl formylal), 
b.p. 41*3 -41*7°, sp. gr. 0 862, can obtained 
by treating a mixture of methyl alcohol and 
40 p.c. formaldehyde solution, with lolid calcium 
chloride and ^ little hydrochloric acid (Fischer 
and Giebe, Ber. 30, 3054). 'It can also be 
obtained by treating methylene chloriae with 
sodium methylate (Amhold, Annalen, 240, 
197), and also by treating chlormethyl alkyl 
ether CH 2 (OR)Cl (obtained by condensing 
formaldehyde and alcohol with exv iss of hydro- 
chloric acid) with '"odium m’ethyla./fr (Favre, 
Compt. rend. 119, 284 ; Bull. Soc. chim. [3J 
11, 879; Henry, Ber. 26, Ref. 933; Compt. 
rend. 119, 425 ; de fSonay, Ber. 27, Ref. 337) ; or 
by heating poly oxy methylene and the required 
alcohol with 1 to 4 p.c. ferric chloride for 2~10 
hours (Trillat and ('ambier, Compt. rend. 118, 

1277) . It can be us(‘d for various condensations 
in iilace of formaldehyde, and is a go^'d solvent 
for many organic compounds. {Of. also Kano, 
Annalen, 19, 175 ; Malaguti, Annalen, 32, 55 ; 
Renard, Ann. chim. pliys. f5j 17, 290 ; Briihl, 
Annalen, 203, 12, 25 ; Fileti and do Gaspari, 
Gazz. chim. Ital. 27, ii. 293 ; Trillat, Compt. 

! rend. 137, 187 ; Delepine, Bull. Soc. chim. 
[3] 25, 364 ; Favre, Bull. Soc. chim. [3J 
11, 1096; Bruhl, Ber. 30, 159; Berthelot, 
Compt. rend. 126, 675 ; Trillat and Cambier, 
Compt. rend. 118, 1277 ; Brochet, Bull. Soc. 
chim. I3T 13, 687.) 

The following formylals are known, but the 
higher members are of little importance : — 

* Diethyl mcthylal CH 2 -(OCaH 6 ) 2 , b.p. 87°; 
sp. gr. 0*834 (20°) (Arnhold, l.c. ; Greene, Chem. 
News, 50, 75 ; Pratesi, Ber. 16, 1870 ; Favre, 
l.c. ; Trillat and Cambier, Compt. rend. 118, 

1278) . 

Dipropifl methylal CHa-(OC 3 H-)a, b.p. 136°; 
sp. gr. 0*834 (20°) (Arnhold, l.c. ; Trillat and 
Cambier, l.c.; Favre, Bull. Soc. chim. [3] 11, 
881). 

j lyi-hopropyl methylnl CHa(OCaH;) 2 , b.p. 
118° ; sp. gr. 0*831 (20°) (Amhold, l.c. ; Trillat 
and Cambier, l.c.). 

Di-isobvtf/l methylal CH 2 (OC 4 H 9 ) 2 , b.p. 164°,; 
sp. gr. 0*824 (20°) (Arnhold, l.c. ; Gorbow and 
Kessler, Ber. 20, Ref. 778 ; Trillat and Cambier, 

I.C.). 

Di-isoamyl methylal CH 2 (OC 5 Hi j ) 2 , b.p. 206° ; 
sp. gr. 0*835 (20°) (Amhold, l.c. ; Trillat and 
Candiier, l.c.). 

Dihexgl methylal CHa(0C3Hi3)a-fH20, b.p. 
174°-176°; sp. gr. 0*822 (15°) (Trillat and 
Cambier, l.c.). z 

Dioctyl methylal CHj*(OC^Hi 7 ) 3 , b.p. 289® ; 
sp. gr. 0*848 (16°) (Amhold, l.c. ; Trillat and 
Cambier, l.c.). 

(hfchhcxanjol formal (C^HiiO) 2 *CH 2 is pro- 
duced from cyclohexanol, 40 p.c. formaldehyde 
solution and hydrochloric acid (Murat and 
Cathala, J. Pharm. Chim. fi, 289). 

Acetab CH 3 CH(OR)a. 

Dimethyl acetal CH 3 'CH(OCH 3)2 occurs in 
crude wood-spirit, b.p. 63° ; sp. gr. 0*865 (22°) 
( Dancer, Annalen, 132, 240 ; AbTOrg, Jahresb. 
f. Chem. 1864, 485 ; Gqpther and Bachmann, 
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Annalen, 218, 44; Sohiff, Annalen, 220, 104; 
223, 74). 

Diethyl acetal CHs'CH(OC«H 5 )a (usually 
known simply as * Acetal’) (=' ^eth^^idene di- 
ethyl ether; ethane'diol-(l : l)-diethyl ether) 
(c/. Dobereiner, Gm. 4. 80^; Liebig, Annalen, 
6, 26; 14, 166; Stw. Ann, Cldm. 7hys. [3] 
10, 146 ; 'Wurtz, Ann. Chim. Phys. [3J 4G, 70 ; 
Geuther» Ani^alen, 126, 63). 

To prepare acetal by Wurtz's m^'/thod, 2 parts 
alcohol are added to a mixture ol 3 parts man- 
ganese dioxide, 3 parts sulphuric acid and 2 parts 
water, and, after the effervescence first produced 
has subsided, the whole is heated at \00" until 
3 parts have distilled over. The product is 
then fractionally distilled, and two portions, one 
boiling b^^ow 80^ and the second boiling at 
80®--96®,*aro collected. ‘ Each fraction is treated 
with solution of calcium chloride and the ethereal 
layer which separates is distilled. The product 
contains aldehyde and ethyl acetate in addition 
to acetal ; to remove these it is shaken with con- 
centrated aqueous potash, the brown liquid 
separated from the aqueous layer is distilled, 
and the distillate shaken with calcium chloride. 
It is then* heated with twice its volume of con- 
centrated aqueous soda in scaled tubes at 100® 
for 24 hours, separated from the soda, distilled, 
the distillate again rectified: the fraction 100®- 
105®, which constitutes the greater portion, is 
acotal. 

In addition to its k)rmation as a by-product 
in the oxidation of alcohol, acetal can also be 
obtained from a mixture of acetaldehyde (1 vol.) 
and absolute alcohol (2 vols.) (1) by heating with 
acetic acid (| vol.) for 12 hours at 100® (Geuthcr, 
Annalen, 126, 63) ; (2) by cooling in a freezing 
mixture, passing dry hydrogen chloride to satu- 
ration, and decomposing the resulting moqp- 
chlorethcr with sodium ethoxide (Wurtz and 
Frapolli, CJompt. rend. 67, 418 ; Annalen, 108, 
223); or (3) by cooling a mixture of equal 
volumes to —21®, and passing a current of pure 
hydrogen phosphide for 24 hours (Engel and 
Girard, Compt. rend, 92, 692 ; J. 1880, 694). 

The most convenient method is that of 
King and Mason (E. P. 101428, vide supra). 
On a technical scale considerable interest 
attaches to the production of diethvl acetal from 
acetylene by a modification of the process of 
Kutscherow for preparing acetaldehyde from 
itcetyleno and water in the presence of a mercury 
catalyst (r/. Kutscherow, Bcr. 14, 1640 ; 42, 
2769). Thds the Chemischo Fab. Griesheim 
Elektron (E. P. 14246, 1913) describe the pro- 
duction of ethers of ethylideno glycol by the 
action of acetylene upon alcohols in the presence 
of mercury salts. They are stated to be solvents 
for cellulose esters. Boiteau (E. P. 16806, 1914) 
describes the production of ethylideno ethers 
by a similar method ; and in E. P. 16919, 1914, 
a further modification is claimed, consisting 
in forming the catalyst in situ, e.g. by adding 
mercuric oxide or the mercury salt of a weak 
acid to the liquid, and then adding sulphuric 
acid to form the sulphate. 

Acetal is a colourless liquid with agreeable 
odour : b.p. 104®, and sp, gr. 0*821 at 22*4° 

^ Thebp. UgiNen as In the oiiginal rarer, but. 
Intibiiuiob os b p. of acetal is 10 1’, It seems probable 
«that 95° is a misprint for some higher temperature — 
say 105°. 


(Stas, Annalen, 64, 322) ; b.p. 103*7®-104'3® at 
744*4 mm., and sp. gr. 0*8314 at 20®/4® (Briihl, 
Annalen, 203, 25). It is soluble in 18 vols. of 
water at 26®, and the solubility increases as the 
temperature rises. Acetal is miscible in all 
proportions with alcohol and ether, does not 
reduce ammoniacal silver solution, and is un- 
altered on exposure to air; platinum l^lack, 
however, oxidises it first to acetaldehyde and 
subsequently to acetic acid. For formation a*ld 
hydrolysis, see Lapworth and Fitzgerald (Proc. 
Chem. Soc. 24, 163). 

Acetal has some solvent power for cellulose 
esters. A uso for acetal is sugge^^ed by 
Ostromisslensky, consisting in preparing 
erythreno (butadiene) from it by passing over a 
heated catalyst, such as alumina at 3&)°-460® 
(J. Russ. Phys. Chem. Soc. 47, 1472, 1609 ; cf. 
also Boiteau, E. P. 16806, 1914). Pictet (Ber. 
46, 2688; E. P. 17578, 1914) describes the 
production of a synthetic alkaloid, which he 
terms coralydine, by condensing tetrahydro- 
papaverino and acetal in 16 p.c. hydrocnloric 
acid on the water- bath ; the product exists 
in two isomeric forms, a- and 

On heating with phosphorus pentoxido the 
elements of alcohol are removed from acetal, 
leaving vinyl ethyl ether ; 

CH 3 CH( 00 aH 5 )a-CaH 50 H = CHj-.CHOCaHj 

which foims a liquid, b.p. 36*5® ; sp. gr. 0*762 
(14*5®), and is split up by dilute sulphuric acid 
into acetaldehyde and alcohol (Wislicenus, 
Annalen, 192, 106 ; Henry, Compt. rend. 100, 
1007 ; Nef. Annalen, 298, 327 ; Claisen, Ber. 
31, 1021 ; Tschitschibabin, J. prak. Chem. [2] 
74, 424). When heated with acetic anhydride to 
150® one ethyl group is replaced by an acetyl 
group yielding * acetaldehyde-ethyl acetate,* 
CH3 CH(0*CaH6)(0*C0*CH,), b.p. 126°-130® ; 
sp. gr. 0*941. On boiling with water it splits 
up into acetaldehyde, ethyl alcohol, and acetic 
acid (Clais. n, Bcr. 31, 1018). 

Acetal does not give the iodoform reaction 
until shaktn with a few drops of hydrochloric 
acid, whereby the acotal is hydrolysed to alcohol 
and aldehyde. Estimation in presence of paral- 
dehyde, see Orton and McKie, T lans. Chem. Soc. 
109, 184. 

Derivatives. — ^Mono-, di-, and trichloracctal 
are obtained as intermediate products in the 
preparation of chloral bypassing chlorine through 
80 p.c. alcohol (Liebcn, Ann. Chim. Phys. [3] 
62, 313 ; Paterno, Compt. rend. 67, 766). 
According to Krey (J. 1876, 475), a better yield 
of these derivatives is obtained if a mixture of 
2 parts absolute alcohol, 3 parts manganese 
dioxide, 3 parts sulphuric acid, and 2 parts 
water is heated until j| of the liquid has distilled 
over and chlorine is passed through the well- 
cooled distillate u.itil it shows signs of turbidity. 
In either case the product is washed with 
water, dried over calcium chloride, and sub- 
mitted to fractional distillation. The fraction 
80®- 120° contains chiefly aldehyde and com- 
pound ethers, 120®-170° chiefly monochloracetal, 
170®-18.6° dichloiacotal (Lichen, l.c.), and the 
fraction boiling above 185® contains trichloraoetal 
(Paterno, he ). These compounds may then 
be obtained in the pure state by repeated 
fractionation. 

A better method of obtaining monochloracetal 



8 


ACETALS. 


is by passing chlorine through well-coolod 94-99 
p.c. alcohol until the chlorinated product has 
a sp. gr. 1*02-1 '03 at 25*’. Half the original 
volume of alcohol is added and the mixture 
heated a few hours at 60®-60®. The free acid 
is removed by calcium carbonate ; the oil 
washed with water, dried and fractionated. 
The proportion of di- and tri- ohloro- derivatives 
formed depends on the amount of chlorine added 
(Irit-ch, Annalon,^79, 288). 

Monochloracet^ CH,01*CH(0C2H5)2 (Lieben, 
Annalen, 146, 193 ; Patemd, Mazzara, Ber. 6, 
1202 ; Klien, J. 1876, 336 ; Natterer, Monatsh. 
3, 444 ; 5, 497 ; Wislicenus, Annalen, 192, 106 ; 
it^rank, Annalen, 206, 341 ; Fritsch, Annalen, 
279, 300) is a colourless liquid, having an aromatic 
etlK'iealodour ,* b.p. 166° ; sp. gr. 1 *0418 at 0°, 1 *026 
at 15° (Klien) : 156°-168^ (Autenrieth, Ber. 24, 
159). When heated with bleaching powder it 
yields di< and trichloracetal, chloromrm, and 
chlorinated acetaldehyde (Goldberg, J. pr. 
Chem. [2] 24, 107). 

Dichlwacdal CHCl 2 *CH(OC 2 Hfl )2 (Jacobsen, 
Ber. 4, 217 ; Pinner, Ber. 5, 148 ; Annalen, 179, 
34 ; fcey, l.c. ; Patern6, Annalen, 149, 372 ; 
160, 134) ; b.p. 183°-184° ; sp. gr. 1*1383 at 14°. 
When treated with hydrocarbons it forms com- 
pounds of the type CHXa'CCla (Fritsch, Annalen, 
279, 219 ; Wiechcll, Annalen, 279, 337 ; Butten- 
berg, Annalen, 279, 324). 

Trichloracetal CCl 3 *CH(OC 2 H 4)2 (Byasson, 
Bull. Soc. chim. 32, 304 ; Wurtz, Frapolli, J. 
1872, 438) ; b.p. 197° ; 204*8° at 758*7 mm. 
Patcrn6, Pisati J. 1872, 303), sp. gr. 1*2813. 
When heated with concentrated sulphuiic acid 
it yields chloral. 

Trichloracelal CgHnCljOa. Obtained by the 
action of chlorine on alcohol (Lieben, Patemo, 
Krey, l.c.) ; crystallises in monoclinic needles 
resembling caffeine ; m.p. 89°. 

Monobromaceial (Pinner, Ber. 6, 149 ; Wis- 
liconus, Annalen, 192, 112 ; Fischer a. Lund- 
steiner, Ber. 25, 2561 ,* Freundler a. Ledru, 
Compt. rend. 1905, 140, 794) ; b.p. 8r-82° at 
27-28 mm. (Freundler). According to F. a. L. a 
cheap method of making monobromaceial is by 
brominating paraldehyde at 0° with constant 
shaking, mixing with absolute alcohol, and after 
standing 12 hours pouring into an icc-cold sol. 
of potassium carbonate. The separated oil is 
dried and fractionated in vacud. 

Monoiodoa^ctal, b.p. 1(K)° at 10 mm. ; sp. gr. 
1*4944 at 16° (Hesse, Ber. 1897, 30, 1438). 

Aminoacetal NIl 2 ’CHg’CH(OG 2 H ^)2 was first 
prepared by Wohl by treating chloracetal | 
with ammonia (Ber. 21, 616). It can also be 
prepared by reducing nitroacetal (b.p. 14°: 
m.p. 89°-91°, from iodoacetal and silver nitrite) 
with sodium and alcohol. It forms a colourless 
oil of b.p. 172°-174°, with a strong amine I 
smell ; it emulsifies with a little water, but | 
dissolves on adding more water, and can be 
separated from the solution by the addition of | 
solid alkali. It is of some importance as a 
synthetic agent, as it readily conrlenses with 
aromatic aldehydes to form derivatives of iso- 
quinoline : 

.^^CHO HaN CH 

Q + +2C,H.OH 


Substituted alkylaminoacetals are also known 
(Paal and van G ember, Archiv. der Pharm. 
246, 306 ; Stormer and Prall, Ber. 30, 1604). 

Acetal i Uphide (acetalyl sulphide) 
r(C 2 H 6 O) 2 * 0 H* 0 H 2 )] 2 S has been prepared by 
Fischer (Ber. 42, 1370) by heating chloracetal 
with aqu ‘ous potassium srlphidc at *20°- 160° C. 
It forms a colourless liquid, b.p. 280° C. (750 
mm.). It dissolves readily in wate", from which 
it can bo prev -pitated by salt, and is decomposed 
by boiling with 1 p.c. hydrochloric acid. 

Chloro-iriethyUphosphinoacetal is described by 
Caldwell (Trans. Chem. Soc. 109, 283). Prepared 
by heating monochloracetal and triethylphos- 
phine ; it forms a viscous liquid of oveipowering 
odour. The corresponding bromo compound is 
also described. Th y are hydrolysed to the 
respective aldehydes. 

Dipropyl acetal (*H3*CH(0*C3H7)2, b.p. 147° ; 
sp. gr. 0 826 (22°) (do Girard, Compt. rend. 
91, 629). 

Di-n-hutyl acetal CH 3 *CH*(OC 4 Hb) 2 , b.p. 
198°-200° (king and Mason, Eng. Pat. 101428). 

Di-iso-butyl acetal CH3*CH(0C4H3)2, b.p. 
170° ; sp. gr. 0*816 (22°) (Claus ana Trainer, 
Ber. 19, 3006; de Girard, Compt. rend. 91, 
629). 

Di-iso-amyl acetal CH 3 *CH(OC 5 Hi,) 2 , b.p. 
211°; sp. gr. 0*835 (15°) (Alsberg, Jahresb. f. 
Cheinie. 1864, 485 ; Claus and Trainer, l.c.). 

Various other acetals have been prepared, 
but are for the most part unimportant; the 
following may be noted : — 

Acrolein diethyl acetal CH* *. CH*CH(OC 2 H 5 )a, 
b.p. 123*5° ; sp. gr. 0*8453 (16°) ; sparingly 
soluble in water, miscible with alconol and 
ether ; hydrolysed by cold hydrochloric acid 
(Wohl, Ber. 31, 1796. For reactions, see Wohl, 
l.c. ; Wohl and Emmerich; Ber. 33, 2761 ; 
Wohl and Schweitzer, Ber. 40, 92). Acrolein 
itself reacts with orthoformic ester, &c., to 
yield the ethoxy derivative of propionaldekyde 
acetal CH,*(OCaH,)*CH,*CH(OCaH,) 2 , b.p. 184°- 
186° (Olaisen, Ber. 29, 2933 ; 31, 1014 ; Fischer 
and Giebe, Ber. 30, 3066). Similarly, crotonalde- 
hyde yields k-ethoxy-butyraldehydt acetal 
CH8*CH(OC2HO*CH2.CH(OC2H3)3, b.p. 73°- 
74°/ 14 mm. (Claisen, l.c.). 

Crotonaldehyde diethyl acetal, see Wohl and 
Frank (Ber. 35, 1904). 

Propargylaldehydc diethyl acetal 

CH:C*CH(OCaH5)a 

forms an oil with a camphor-like odour, b.p. 140° 
(Claisen, Ber. 29, 2933 ; 31, 1016, 1022 ; 36, 
3664, 3668 ; 40, 3907). 

Glycerine aldehyde acetal 

CHa(OH)CH(OH)*CH(OCaH5), - 

from acrolein acetal (Wohl, Ber. 31, 1799). 

Acetals derived from ketones can be obtained 
by the action of the hydrochlorides of formimino- 
ethers or phenylacetimino-ethers (Claisen, Ber. 
31, 1012 ; 40, 3908 ; Reitter and Hess, Ber. 
40, 3023). 

Acetone dimethyl acetal (0H3)a*C(0CH8)2, 
b.p. 83. 

AcetotLC diethyl acetal (CH,) 2 *C(OC 2 H 5 ) 2 ,* 
b.p. 114°. 
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Olycol acetal, see Pinner (Ber. 5, 160), Verley, 
(Chem. Zeutr. 1899, ii. 919). 

Ethyl glyoxal acetal C,UeO‘CH(OC2H5)2, 
b.p. 62*’-68° / 10-12 mm. (Daki anv^ Dudley, 
Trans Chem. Soo. 106, 2463 ; c/. also Am. 
Chem. Abstr. 7, 3343 ; 8, 2£32). 

The mor*o8acchari(*9S form derivativ s termed 
glucosides {q.v.), which are related to acetals,, 
and it is probable that the true acetals arc 
intermediate products in their forr ation : 

110CH,-[OH(OH)l3:CHO+2HOCH3 

=H20+H0CH2[CH(0H)]xCH(0CH3)2 
and theso acetals then split o& ono molecule of 
alcohol to form the glucosides (E. Fischer, Ber. 
28, 1145), wh’oh are thus the cyclic-7-anhydro 
derivative^' of the half-acetals of the mono- 
saccharides. 

Aromatic acetals. The mono- and di- acetal 
derivatives of catechol are obtained by heating 
the monosodium derivative of catechol with 
monochloracetal (Moreau, Compt. rend. 128, 
1656). 

Verley describes the production of methyl 
acetals of aromatic glycols which are jasmine 
perfumes, and may be prepared synthetically 
or from natural extract of jasmine, which con- 
sists essentially of the methyl acetal of phenyl 
glycol (Eng. Pat. 4779, 1898) ; this substance ; 

k / 1 I 


CHa 

IS produced by heating phenyl glycol and 
formic aldehyde with dilute sulphuric acid. 
It forms an oil, b.p. 101® / 12 mm., and is 
identical with tlio natural jicrfume. If acetal- 
dehyde be used in place of formaldehyde the 
ethyl acetal is formed, b.p. 103°/ 12 mm. 

DtethylbenzdUlehyde acetal C«ll5*0H(O02H6)2 
may be prepared by the method of Fischer and 
CUebo {f.c.) by treating the aldehyde with .6 
times its weight of 1 p.c. ethyl alcoholic hydro- 
chloric acid, and heating to 100° for GO hours, 
cooling, diluting with water, and extracting 
with ether ; or, better, by Claisen’s method : 
37*6 grams benzaldehyde, 57 grams orthoformic 
ester, and 49 grams alcohol, and 0*76 gram 
ammomiim chlorido are refluxed for 10 minutes, 
'fho product is then distilled from the accom- 
panying forndc ester (b.p. 82°), and after further 
purification with potassium carbonate is 
fractionated, the acetal distilling over between 
217° and 223°. Yield 62 grams or 97 p.c. of 
theory. A trace of hydrochloric acid may also 
be used as a catalyst in place of the ammonium 
chloride (Claisen, l.c.), 

(b) Acidyl derivatives of gem-Qlycols. 

The diacyl derivatives corresponding to the 
true acetals : 

(R, and R 3— alkyl or hydrogen) have hitherto 
been of slight importance in industry ; recently, 
however, the diacetyl esters of ethyudene glycol 
have come into prominence as a means for the 
production of acetic anhydride. They may be 
prepared by condensing acid chlorides wi h 


carbonyl compounds to a-chloralkyl fatty esters, 
and then treating these with silver or potassium 
salts of the same or different acids 
PI 

OH,CH<o.ooCH,+^0-COCH. 

=AgCl-l-CH3CH<g-^g:^|“» 

(Schiff, Ber. 9, 306 ; Geuther and Riibencamp, 
Annalen, 226, 273). Acid}!! derivative df 
methylene glycols can be obtained by treating 
inethylenedihalogenides with the silver salts of 
fatty acids : 

CH3f3+2AgOCOCH3=2AgI-fCHa(OCbGH3)3 

(Butlcrow, Annalen, 107, HI ; Arnholu, 
Annalen, 240, 204), or by condensing polyoxy- 
methylenes with acid chwrides or aimydrides 
in presence of zinc chloride 

R'COv^ ^ j ptT ^ R*CO*0..^p^ 

(Dcscude, Bull. Soc. chim. [3] 27, 867). 

The following derivatives are known ; — 

Methylene diacetate CH2(0*C0CIl3)2, b.p. 
170° (Butlerow, Annalen, 107, 111 ; Descude, 
Bull. Soc. chim. [3] 27, 1216). 

Ethylidene diaceiate CH8-CH(OCOCH3)a, b.p. 
169°; sp. gr, 1 073 (15°) (Geuther, Annalen, 
106, 249 ; Schiff, Ber. 9, 306 ; Franchimont, 
Rec. trav. chim. 1, 248 ; Geuther and Ru ben- 
camp, Annalen, 225, 273). 

Ethylidene dipropionate CH30H(0C0G2H5).2, 
b.p. 192°; sp. gr. 1020 (16°) (Geuther and 
Riibencamp, l,c . ; cf. also Eng. Pat. 14246, 1913). 

Ethylidene dibutyrate CH3*CH(OCOf'3lI;)2» 
b.p. 215° ; sp. gr. 0’985 (16°) (Geuther and 
Rubencamp, l.c.). 

Ethylidene di-isovalerianate 

CH3CH(0C0-C4H„)2, 

b.p. 225°; sp. gr. 0*947 (16°) (Geuther and 
Riibencamp, f.c.). 

Of these ethylidene diacetate is by far the 
most important ; it is now made technically by 
passing acetylene into acetic acid containing 
a mercury salt as catalyst 

C3H2+2CH3*C00H=CH,*CH(0*C0CH3)a 

The Chemisch Fab. Griesheim Elektron (Eng. 
Pat. 14246, 1913) claim the production of esters 
of ethylidene glycol and vinyl alcohol by the 
action of acetylene upon compounds containing 
carboxyl groups in the presence of mercury 
salts ; the esters are stated to be solvents for 
cellulose esters ; in an example, 260 grams of 
anhydrous acetic acid are mixed with 10 grams 
mercury sulphate and, at 60°-80° C., dry 
acetylene is passed through until action ceases. 
The "product on distillation yields 80-90 p.c. of 
the theoretical amount of the ester. 

Boiteau (Eng. Pat. 16919, 1914) claims a 
modification consisting in forming the required 
catalyst in the substance heated. For example, 
mercuric oxide, or a mercury salt of a weak 
acid, such as acetic acid, is ^solved in glacial 
acetic acid, sulphuric acid is then added, and 
acetylene passed in. 

The Soc. Chim. des Usines du Rhone describe 
(Eng. Pat. 112765) a further modiBcation in 
which ethylidene diacetate is prepared by the 
reaction of acetylene on glacial acetic acid in the 
presence of mercury acetate and aromatic or 
aliphatic sulphonic acids. In Eng. Pat. 112766 
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the same patentees claim also the use of mercury 
acetate and sulphuric esters, e.g. methylene 
sulphate. 

The diacetio ester obtained by any of these 
processes splits up on heating into acetaldehyde 
(or paraldehyde) and acetic anhydride : 

CH3CH(0C0CH8)a=CH8CH0+0(C0CH,), 

Thus, the Bosnischo Elektrizitats A. G. (Eng. 
ir^at. 23190, 1914) claim the production of acetic 
anhydride by Heating othylidene diacetate above 
its boiling-point, or by heating it with catalysts, 
such as sulphuric acid or mercuric sulphate. 
The Sbc. Ohim. des Usines du Bhdne (Eng. Pat. 

’ 1090()) describe the production of acetic 
anhydride and paraldehyde by heating ethylideno 
diacetate under rodu''cd pressure in the presence 
of catalysts, such as acids or acid salts. For 
instance, 400 parts of the ester and 8 parts of 
sulphuric acid (06° Be.) are placed in a suitable 
vessel and heated to 7J)°-80^ C. at a pressure of 
100 mm. In two hours 350 parts of a mixture 
of paraldehyde and acetic anhydride distil 
over. (The boiling-point of ethylidene diacotate 
at 100 mm. is about 115° C.) (Of. aKo Eng. Pat. 
131399, Soc. Chirn. des Usinos du Rhone.) The 
diacetate can also be made by lieating acetalde- 
hyde with acetic anhydride (Geuthor, Annalen, 
100, 249), but the yield is poor, and the method 
is without technical importance. 

Benzylidene diacelate O^H ,CH(OCOCH3)2, 
m.p. 45°-46°; b.p. 220° (226°-230°), can be 
prepared by heating 20 grams benzyl chloride 
with 35 grams lead peroxide and 80 c.c. boiling 
acetic acid (Bodroux, Bull. Soc. cliim. [3] 21, 
331) ; by refluxing 20 grams benzaldehyde with 
20 grams acetic anhydride and 10 grams acetic i 
acid tor 3 hours at 150°-180^ (Ncf, Annalen, ] 
298, 277), or by passing air through a mixture 
of benzaldehyde and acetic anhydride containing 
a trace of acetic acid (Freer and Novy, Am. 
Oheiii. J. 27, 100). In complete absence of 
acetic acid no action occurs. It is only slowly 
attacked by boiling with sodium carbonate 
solution or by treatment with soda lye, but is 
hydrolysed by cold concentrated sulphuric or 
nitric acids. {Cf. also Wicke, Annalen, 102, 308 ; 
Geuther, ibid. 106, 251 ; Limpricht, ibid. 139, 
321 ; Bcilstcin and Knhlbcrg, ibid. 146, 323 ; 
and Zeit. f. Chomie. 1807, 277 ; a808, 172; 
Chem. Zentr. 1908, 1, 1831 ; 1909, 2, 1220.) 

F. A. M. 

ACETAMIDE CaH^NO, or CH3.CONH,. 

(Hofmann, Bcr. 15, 980; Schulze, J. pr. Chem. 
[2] 27, 512; Keller, J. pr. Chem. [2J 31, 361; 
Aschan, Ber. 31, 2344 ; Kundig, Annalen, 105, 
277; Abel, J. Soc. Chem. Ind. 189^ 615.) 
Acetamide is usually prepared by tne dry 
distillation of ammonium acetate ; a better yield 
(91*7 p.c.) and a purer product is obtained by 
distilling ammonium diacctate in the special 
apparatus described by Fran9ois (J. Pharm. 
Chim. 23, 230). Between 135° and 195° acetic 
acid and water are evolved, and at 195°- 
222° some acetamide passes over. When the 
temperature remains constant at 222° the dis- 
tillation is stopped, the residue being pure 
acetamide. A nearly theoretical yield is obtained 
by saturating a mixture of ethyl acetate and 
ammonia with dry ammonia gas at —10°, and 
aftc- standing, fractionating in vacuo (Phelps, 
Amer. J. Sci. 24, 420). 


Acetamide forms white hexagonal crystals 
which are odourless when pure, and melt at 
81°-82* (Hofmann, Ber. 14, 2729 ; Mason, Chem. 
Soc. Trax.s. ^ 189, 107 ; Meyer, Ber. 22, 24 ; 
Forster, Chem. Soc. Trans. 1898, 791 ; Kicbl, 
Zeitsch. anor<v. Chjm. 15, 397), boils at 222" 
(cor.) [J'iindig], is rcad’ly solubl#* in water, 
and when heated with acids or alkalis is con- 
verted into acetic acid and ammonia (Coninck, 
Compt. reiu’ 121, 893 ; 126, 907 ; 127, 1028 ; 
Dunstan a. Dymond, Chem. ooc. Trans. 1894, 
220; Guebet, Compt. rend. 129, 01). Chlorine, 
led into fused acetamide, yields acetchloramide 
CJIa'CONHCl; and bromine, in the presence of 
dilute aqueous potash or soda yields acetbrom- 
amide, which on distillation witl concentrated 
aqueous soda is converted into n jthylamine 
(Hofmann, Ber. 15, 408); Buchner and Papen- 
dicck, Bcr. 25, 1160; Selivanoff, Ber. 26, 423; 
Fran9oi8, Compt. rend. 147, 680 ; 148, 173 ; 
Behrend a. Schreiber, Annalen, 318, 371). 
Acetamide acts both as a base and an acid 
(Pinner and Klien, Ber. 10, 1896), combining w ith 
hydrogen chloride or nitric acid, and forming 
compounds in which a metal takes the place of 
oneatomof hydrogen, as CgHjO'NHAg (Strccker, 
Annalen, 103, 321 ; Tafel and Knock, Ber. 23, 
1550; Blacher, Ber. 28, 432; Hofmann and 
Baggc, Bcr. 41, 312; Titherloy, Chem. Soc. 
Trans. 1897,467). According to Forster (Chem. 
Soc. Trans. 1898, 783), mercury acetamide is a 
powerful dehydrogenising agent and owmig to its 
tendency to exchange its mercury for hydrogen 
when the latter is attached to nitrogen, particu- 
larly when hydroxyl groups are in proximity, 
it can bo employed as a convenient means of 
detecting primary and secondary hydrazines 
and primary h^ drox.> lammea. It has also a 
marked tendency to form additive compounds 
(Morgan, Chem. Soc. Proc. 1906, 23). The 
hydrogen in theNH 2 group has also boon replaced 
by alkyl groups (Titherloy, Chem. Soc. Trans 
1901, 396, 411, 413). Acetamide forms molecular 
compounds of the typo CH3'CONH3,X, where 
I X = an organic or inorganic acid or an inorganic 
salt (Titherloy, l.c. ; Topin, Ann. Chim. Phys. 
[7] 5, 99). When acetamide is treated with 
formaldehyde, paraldehyde, or trioxymethylenc, 
condensation products of the type R-NH-CHaOH 
are obtained ; these products are of value as 
antiseptics and as solvents for uric acid (J. Soc. 
Chem. Ind. 1906, 283). Mono-, di-, and tri- 
ehloracetamido (Willm, Annalen. 102, 110; 
Geuther, J. 1864, 317 ; Pinner ana Fuchs, Ber. 
10, 1066 ; Malaguti, Annalen, 66, 286 ; Cloez, 
Annalen, 60, 261 ; Bauer, Annalen, 229, 165 ; 
Dootson, Chem. Soc. Trans. 1899, 171 ; Swartz, 
Chem. Zentr. 1899, [i.] 588 ; Clermont, Compt. 
rend. 133, 737). Bromo-dialkyl-acetamide (J. 
Soc. Chem. Ind. 1904, 1238) and other bai^'-ren 
derivatives have also been prepared (Selivanoff, 
J. Russ. Phys. Chem. Soc. 24, 132 ; Broche, 
J. pr. Chem. [2], 60, 97 ; Conrad, Ber. 29, 1042; 
Zinf'ke and Kegel, Ber. 23, 230 . Willstatter, Ber. 
37, 1775 ; Steinkopf, Bor. 41, 3571 ; Swartz, l.c.; 
Franccsconi, Gazz. chim. ital. 33, 226 ; Ratz, 
Monatsh. 1904, 25, 687 ; Einhorn, Annalen, 
343, 203; Finger, J. pr. Chem. 1906, [ii.] 74, 163). 

The acetamido jS-naphthaquinoncs and some 
of their halogen derivatives which may be used in 
dyeing (Kehrmann and Zimmcrli, Matis, and 
Locker, Ber. 31,2405; Kehrmann and Aebi, Ber. 
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32, 932 ; Kehrmann and Wolff, Ber. 3^, 1538) 
and other acetamide derivatives have been pre- 

S ired (J. Soc. Chom. Ind. 1894, 60; Lumi^re, 
ull. Soc. chim. 1903, iii. 30, 966 ; latz, Monatsh. 
26, x487 ; Miolati, Gazz. chim. ital. 23, 190). 

Diacetamide C4H7N02> cr NBUCsHsO)] and 
its derivative (see Gautier, Z7 1861, 127 ; j 
Hofmann, Ber. 14, 2731; Hontschcl, Ber. 23,! 
2394 ; Curtiu«, Ber. 23, 3037 ; Mathews, Amer. 
Chem. J. 20, 648 ; Konig, J. pr. Ch''.ii. 1904, [ii.] 
69, 1 ; Troeger, J. pr. Chem. 69, 347 ; Tricucet^ 
am-ide C4H4NO3, or N(C2ir.,0)3 and its deriva- 
tives (see Wichelhaus, Ber. 3, 847). 

ACETANIUDE C«HbNHCOCH 3, also 
known as Antifebrin, is prepared by heating 
together glaci"! acetic acid and aniline for some 
time. , 

For an account of its preparation on a 
manufacturing scale, see Midler, Chem. Zeit. 
1912, 36, 1055 : quoted by Cain, ‘ Manufacture 
of Intermediate Products for Dyes,’ Macmillan 
& Co., p. 51. 

By substituting thioacetic acid for acetic acid 
the reaction proceeds more rapidly and at a 
lower temperature (Pawlewski, Ber. 1898, 661). 
Acetanilide may also bo prepared by heatmg 
1 part of amline with If parts of dilute acetic 
acid or of crude pyroligneous acid under pressure 
at 150^-160*^ (Matheson & Co., Eng. Pat. 6220 
and D. R. P. 98070 ; J. Soc. Chem. Ind. 1897, 
659). 

A simple laboratory method consists in 
gently boiling a mixture of equal weights of 
aniline and acetic acid with 2 3 p.c. of zinc 
chloride under a reflux condenser for 3 hours, 
when the whole is poured into water and the 
acetanilide re-crystallised from water. The use 
of pure aniline obviates the necessity of de- 
colorising with animal cliarcoal. 

The substance melts at 114*2° (Reissert, Ber. 
1890, 2243), at 115°-116° (llantzsch and Fresse, 
Ber. 1894, 2529), and boils without decomposi- 
tion at 303*8° (corr.) (Pictet and Crcpieux, Ber. 
1888, nil), at 305° (corr.) (Perkin, Chem. Soc. 
Trans. 1896, 1216) ; it is soluble in hot water, 
alcohol, or ether. 

Acetanilide is hydrolysed at 100° by caustic 
potash or by hydrochloric acid, but not by 
sulphuric acid (Hantzsch and Fresse, Ber. 1894, 
2529) ; it is rapidly decomposed by chromic 
acid, liberating carbon dioxide, and producing 
colouring matters (Do Coiiinck, Compt. rend. 
1899, 503). It reacts witli zinc chloride at 180° 
with the forrilation of the yellow dye fiavaniline 
( Brail tigam, Pharm. Zeit. 44, 75). 

By treating a solution of acetanilide in 
sulphuric acid with a mixture of nitric and 
sulphuric acids and hydrolysing the product, it 
is converted into ^I'nitroamlmo 

^NO, 

Acetanilide is present in the urine of cows 
(Petermann, Ann. Chim. anal. 1901, 165). It is 
laigely used in headache powders and to adulte- 
rate drugs, such as ph^nacctin. It seems to 
act physiologically by tlie slow liberation of 
aniline, and may thus give rise to aniline poison- 
ing. It is oxidised to some extent in the 
body to p-aminophenol. For methods of 
estimation v. Puclmer, Ph. Rev. 1905, 302, 
and Seidell, Amer. Chem. J. 1907, 1091. The 


following reactions may be used for detecting 
its presence: (1) bromine water added to a 
solution of acetanilide in acetic acid gives a 
white crystalline precipitate of p-bromacetani- 
lide, m.p. 167° ; (2) evaporation of a solution 
to dryness with mercurous nitrate gives a 
green mass, changing to blood red on Edition 
of a drop of concentrated sulphuric acid ; > (3) 
ferric chloride gives no blood-red colouratioi) 
with acetanilide, thus distinguishing it xiom 
phenacetin and antipyrine. 

Derivatives. — Chloracetanilides (Jones and 
Orton, Chem. Soc. Trans. 1909, 1066) ; Nitro- 
acetanilides (Hollcman and Sluiter, Rec. trav. 
chim. 1906, 208). 

ACETIC ACID. Acide AcHiqae. E8sig.saure. 
Acidum Aceticum. C2H4C i.e. CH^'COOH, or 
I C2H3O OH. 

Acetic acid occurs in nature in the juices of 
many plants, especially trees, cither as free acid 
I or, generally, as the calcium or potassium salt ; 

I and, in the form of organic acetates, in the oils 
from many seeds. It is stated to bo present in 
larger quantities when the plants are kept from 
the light. It exists in certain animal fluids ; 
Bcchamp states it to be a normal constituent 
of milk. Gmelin and Geiger have found it in 
mineral waters, doubtless from the decomposition 
of organic matter. 

Being a very stable body both at the ordinary 
and at high temperatures, it is found as a pro- 
duct of the decomposition or destructive dis- 
tillation of many organic substances. Acetic 
acid was first shown by Lavoisier to be formed 
by the oxidation of alcohol. Its true composi- 
tion was ascertained by Berzelius in 1814, and 
in 1821 E. Davy (Schweigger’s J., 1821, 1, 340)' 
proved that it was formed, together with 
water, by the oxidation of alcohol, without the 
formation of carbonic acid as had been previously 
supposed. It was this observation which led 
Doberciner (ibid. 8, 321) to explain acetic 
fermentation as a simple process of oxidation. 

Preparatim. — Acetic acid is produced by the 
oxidation, decomposition, and destructive dis- 
tillation of many organic bodies. The greater 
(lart of that used in commerce is obtained by 
the destructive distillation of wood. 

Hawley and Palmer (Eighth Int. Cong. Appl. 
Chem. 1912 [4] Orig. Comm. 6, 138) have shown 
that the temperature within the retort above 
320° has but little influence on the yield of 
aceti( acid obtained in the destructive distilla- 
tion of wood. They obtained the following 
average amounts of 100 p.c. acid from samples 
of the body wood and slabs (i.e. body wood and 
bark together) of the hard woods commonly 
used for the distillation in U.S.A. : Birch, 6*50 ; 
beech, 6*55 ; maple, 4*95 ; red gum, 6*16 ; 
chestnut, 5*32 ; hickory, 4*61 ; and oak, 4*70 
p.c., calculated on the dry weight of the wood. 

Acetic acid may also be obtained by boiling 
sawdust with water under a pressure of 6 atmos. 
Under these conditions Bergstrom (Papierfabr. 
1913, 11, 305) obtained from 1*17 to 1*37 p.c. 
of acetic acid, and 0*19 to 0*23 p.c. of formic 
acid from coniferous woods (spruce, pine), and 
more than twice as much acetic acid, and rather 
less formic acid from biich^nd other deciduous 
woods. Analogous results were obtained by 
destructive distillation of the woods, and, for 

this reason hme acetates made from the wood 

• 
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of deciduous trees contain less formic acid than 
those prepared from coniferous wood. 

Jn Raisin's process (Fr. Pats. 44(3871 and 
446878, 1911) sawdust is hydrolysed at about 
150° by means of sulphurous acid and steam, 
and the*acid vapours are condensed and neutral- 
ised with soda. Calvert (Eng. Pat. 10687, 

1913) claims a method of producing acetic acid 
^y the destructive distillation of coffee husks 
in n retort provided with a screw conveyor. 

In 191() the amount of acetate of lime 
produced in U.S.A. from hard woods was 
152,77^,000 lb.<.,and the amount of acetic acid 
in 1909 was 51,963,000 Ibn., the bulk of which 
was used in tlie manufacture of dyes and paper 
(Palmer, Oil, Paint, and Drug Rep. March 9, 

1914) . 4 

A method of obtaining acetic acid by the 
destructive distillation of coal, lignite, &c., has 
been patented (Behrens, Ger. Pat. 275049, 
1913). Ethylenic compounds are isolated from 
the gases by means of sulphuric acid, mixed 
with carbon dioxide, and heated to about 400°. 
About 75 p.c. of the ethylenic compounds are 
thus converted into acetaldehyde, which is then 
oxidised to acetic acid {vide infra). 

Manufacture of Acetic Acid from Alcohol . — 
Alcohol may bo converted into acetic acid by 
powerful oxidising agents, such as chromic 
acid, nitric acid, &o. Advantage may be taken 
of the fact that spongy platinum or platinum 
black has the property of absorbing oxygen, and 
thus acting as a powerful oxidising agent. If 
spongy platinum ne placed over a vessel of 
alcohol with free access of air, the platinum 
absorbs at the same time the oxygen and the 
alcohol vapour, which combine and produce 
acetic acid and water : — 

CHaCHaOHd- Oa= CHaCOOH-f OHa 

Alcohol. Acetic acid. 

In addition to acetic acid, aldehyde (acetic 
aldehyde) is produced, which is intermediate 
in composition between alcohol and acetic 
acid. It is formed by the removal of two 
atoms of hydrogen from the alcohol and their 
replacement by an atom of oxygen ; — 

CHaCKaOH+O^CHaCHO+HaO 

Alcohol. Aldehyde. 

In presence of excess of oxygen aldehyde 
forms acetic acid. Aldehyde is a very volatile 
liquid, and is liable to be lost before its conver- 
sion into acetic acid ; it is therefore necessary in 
all cases where acetic acid is produced by the 
oxidation of alcohol to allow free access of air. 

This method produces a very pure acetic 
acid, but on account of the initial cost of the 
platinum (which, however, is not in any way in- 
jured by use) it is not extensively used on the 
manufacturing scale. 

Numerous patents have been taken out for 
the oxidation of alcohol or acetaldehyde to 
acetic acid. In Behrens’ process (Ger. Pat. 
223308, 1908) alcohol is oxidised to aldehyde by 
the action of air in the presence of platinum as 
catalyst. I’ho aldehyde is separated by frac- 
tional distillation, and, after the addition of 
dilute sulphuric acid to make it electrically 
conductive, it is electro^tically oxidised. The 
bulk of the acid produced may then be recovered 
by single distillation in a column still. 

in a later patent pf Behrens (Eng. Pat 


28839, 1910), the alcohol is oxidised by the 
catalytic action of zinc oxide at about 350°, 
and the aldehvde then oxidised by contact with 
oxygen in an absorbing tower. 

According to another process patented by 
the Chem. Frbr. Griesheim-Elektron (Eng. Pat. 
17424, .911), acetaldehyJe is oxid' ad by i leans 
of air in the presence of acetic acid or a chlorine 
derivative thereof, a catalyst, such as vanfidium 
pentoxide, o uranium oxide, being also used to 
promote the reaction; or the aldehyde may 
first be oxidised by excess of oxygen (Eng. Pat. 
8076, 1912). 

The addition of small amounts of manganese 
compounds promotes the oxidation, without the 
risk of explosion attending the us. of compounds 
of vanadium, chroi ium, or cerium vOonsortium 
Elektrochem. Ind. ; Fr. Pat. 460971, 1913). 

By mixing the acetaldehyde with about 1 
p.c. of ceric oxide or other catalyst, and treating 
it with oxygen under a pressure of about 2 
atmospheres, or with air at about 5 atmospheres, 
about 95 p.c. of the theoretical yield of anhydrous 
acetic acid is obtainable (Farbonworke vorm. 
Meister, Lucius and Bruning ; Eng. Pat. 10377, 
1914). 

The Badische Aniliii ii. Soda Fabr. (Ger. Pat. 
294724, 1914) has claimed a process of oxidising 
acetaldehyde by means of air or oxygen in the 
presence of iron compounds and organic salts 
of alkalis, alkaline earths, aluminium or mag- 
nesium. The reaction is stated to take place 
rapidly, and without the aid of heat, whilst no 
per-acids are produced. 

In Hibbert’s process (U.y. Pat. 1230899, 
1917), wood charcoal previously saturated with 
strong acetic acid is used as the contact material 
for the oxidation of acetaldehyde by means of 
oxygen. 

Manufacture frovh Acetylene . — A French 
patent (360249, 1905) describes the preparation 
of acetic acid from acetylene. Acetylene L 
passed into a solution of a normal mercuric 
salt, which precipitates mercury acetylide. 
The liquid is then boiled, when aldehyde is 
formed and the mercuric salt re-formed. The 
aldehyde is then oxidised to acetic acid. 

An electrolytic process of oxidising acetylene 
to acetic acid has been patented by the Farben- 
fabr. vorm. Bayer u. Co. (Fr. Pat. 467778, 1913), 
the acetylene being oxidised by the use of a 
solution of sulphuric acid or other acid as 
electrolyte, in presence of a mercuiy compound. 
In another patent by the same firm (Fr. Pat. 
467515, 1914), the acetylene is passed through 
a solution of hydrogen peroxide, or a pcrsul])liate 
at about 30°-40°, in the presence of mercury or 
a mercury compound. Tno resulting liquid will 
contain about 25 p.c. of acetic acid. 

The oxidation process may also be accf ’c*.wted 
by the use of other catalysts in addition to 
mercury, with or without the simultaneous 
application of pressure (Fr. Pat. 471253, 1914). 

Acetic acid may also be produced without 
preliminary isolation of acetaldehyde by oxidising 
acetylene in an organic acid medium, such as 
acetic acid, by means of oxygen, acting in the 
presence of the requisite quantity of water and 
of a catalyst, such as iron oxide or vanadium 
pentoxide. The best results are obtained by 
introducing the acetylene and oxygen alternately 
in small quantities into ^le acid medium (Chem. 
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Fabr. Gri?8heim-Elektron, Fr. Pat. 473158, 
1914). 

Acetic Acid by Fermentation Processes . — 
Several species of bacteria are cc pabb > of con- 
vertii;g alcoholic liquids into acetic acid. The 
species first recognised, as forpiing films on sour 
wine ^nU vinegar, was termed Mycodeyna by 
Persebn, in lo22, although he did not associate 
them with the dev lopment of acidity. Even 
since it has been recognised that the pellicle 
was not the product of yeasts or mould-fungi 
the name has survived, and is still frequently 
used as a generic term for the acetic bacteria. 
The views of Stack, published in 1863, that the 
Mycoderma aceti, or * raother-of- vinegar,’ con- 
sisted of an p'Tgregation of bacteria was not ! 
accepted in *868 by Pasteur: but Cohn, in 1872, 
included ihese micro-organisms among the 
bacteria. 

Hansen, in 1878 {see Compt. rend. Lab. 
Carlsberg, 1894 [hi.] ; 1900 [v.]), isolated three 
species, which he termed Bacterium acetiy 
B. Pasteurianum, and B. Kutzingianum, and 
showed that they differed from one another in 
form and in the nature of the pellicles which 
they produced when grown in alcoholic culture 
me^. 

Numerous other species of acetic bacteria 
have been described, such as Bacillus xylinus 
(Brown, J. Chem. Soc. 1886, 30, 432 ; Proc. 
Chem. Soc. 1887, 87) ; B. oxydans, B. aceiosua, 
B. acetigenua, B. curvuay B. xylinoidecy &c. 
(Henneberg, Oentralbl. f. Bakt. 1909, 24, 13); 
and B. rancens (Beijerinck ; Centralbl. f. Bakt. 
1898, 4, 209). Although each of these differed in 
properties and in producing different involution 
forms, there is some reason for concluding that 
some, at least, of them are not distinct species, 
but varieties modified by their environment. 

In 1906 Buchner and Gaunt (Annalen, 1906, 
349, 140) separated an acetic enzyme by 
extracting the zoogloeal pellicle of ‘ mother-oi- 
vinegar ’ with acetone. The preparations were 
capi^le of oxidising alcohol to acetic acid, and 
had also the power possessed by the living 
bacteria of oxidising propyl alcohol to propionic 
acid. An enzyme separated in this way from 
Hansen’s B. aceti has been shown by Wieland 
(Ber. 1913, 46, 3327) to be capable of replacing 
palladium as a catalyst for the oxidation of 
alcohol into acetic acid. 

For the production of acetic acid from 
alcoholic ‘ washes ’ by the action of living acetic 
bacteria, the liquid must contain a suitable 
proportion of nutrient substances (phosphates, 
nitrogenous substances), &c., and there must 
be a regulated supply of air {see Manufacture 
of Vinegar, infra). 

For the manufacture of the so-called * spirit 
acid.’ a crude vinegar containing from 10 to 12 
p.c. ot acetic acid is first made by a fermentation 
process from an artificially prepared wash 
composed of potato spirit with nutrient sub- 
stances. This is known as Easigsprit or 
Spritessig, and is a common commercial product. 
It is concentrated by neutralisation with lime, 
evaporation of the liquid to dryness, and dis- 
tillation of the crude calcium acetate, as 
described below. Owing to its more pleasant 
aroma spirit acid of 80 p.o. strength fetches a 
higher price in the market than ordinary acetic 
acid. 


A process of obtaining acetic acid by a 
fermentation 'process from the Japanese sea- 
weed Fucus evaneacence, has been described by 
Takahashi (J. Chem. Ind., Tokyo, 1916, 19, 30). 
The seaweed is mixed with water and 3 to 5 
p.o. of lime, which is added in successive small 
quantities, and the mixture is kept at 30° for 
2 weeks. The yield of acetic acid is increased 
by the addition of fucose. 

Distillation of Acetic Acid. — The concentrJtea 
or glacial acid is usually prepared by the dis- 
tillation of a dry acetate with an equivalent 
quantity of strong sulphuric acid, or acid 
potassium or sodium sulphate. 

Sodium acetate is generally used. The ) 
anhydrous salt is fused on sheet-iron pans, 6 feet 
by 4 feet, care being taken ^hat no sparks reach 
the dried salt, as it would then ignite and bum 
like tinder. The mass is cooled, broken into 
small lumps, and distilled with concentrated 
sulphuric acid. The first portion distilling con- 
tains the water, the later portion is collected 
and cooled ; when crystals have formed the 
still liquid portion is removed, the crystals are 
melted and redistilled as before, producing the 
glacial acid. 

When a solution of calcium chloride is mixed 
with a solution of calcium acetate, crystals of 
calcium acoto-chloride CaC2H402C15H20 
gradually separate. These crystals may be 
produced in comparative purity even when 
impure brown acetate of lime is used. To obtain 
acetic acid ordinary commercial or ‘ distilled * 
acetate of lime is mixed with the proper pro- 
portion of calcium chloride, and the solution is 
concentrated by evaporation until it crystallises ; 
the mother liquor is poured from the crystals’ 
and concentrated with the production of a 
second crop of crystals ; this is repeated until 
about four crops have been produced. The 
crystals arc dissolved in water, filtered through 
animal charcoal, mixed with about 10 p.c. of 
calcium chloride, and recrystallised. The crystals 
are distilled with a mixture of 1 part sulphuric 
acid of sp. gr. 1 *84 and 2 parts water, and the 
acetic acid concentrated in the usual way. The 
glacial acid may also be prepared by the dis- 
tillation of di- or acid-acetate of potassium, 
which, when heated, decomposes into acetic 
acid and the normal potassium acetate. If 
ordinary acetic acid be heated with normal 
potassium acetate, the acid acetate is formed, 
and a weaker acid at first distils over ; as the 
temperature rises, the diacetate begins to decom- 
pose, and the distillate increases in strength 
until the glacial acid passes over. When the 
temperature reaches 300° the distillate becomes 
coloured from the decomposition of the acid 
(Melsens, Annalen, 52, 274 ; Compt. rend. 
19, 611). 

In Chute’s method of preparing acetate of 
lime the vapours from crude pyroligneous acid 
are brought into contact with a stream of water 
mixed with lime. The temperature of the 
liquid is kept at about 100° by the addition of 
quicklime (U.S. Pat. 939980, 1909). 

Scott and Henderson (Eng. Pat. 6711, 1896) 
purify the crude acetates by boiling with sodium 
hypochlorite until nearly decolorised. The 
solution is then cooled and allowed to settle. 
The clear liquid is decanted and crystallised, ’^he 
crystals are of great purity. 
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Another method of removing organic impuri- 
ties is to boil the crude acetates 'with lime, an 
iron salt, and a bleaching agent (Zinkeisen, 
U.S. Pat. 1213724, 1917). 

Scott (Eng. Pat. 12952, 1897) has patented 
a process which dispenses with lime in the 
manufacture of acetic acid. He distils the crude 
acid at 100®, and fractionally condenses the 

a ours. The acid collects mainly in the first 
i/ions. 

Crude acetates may be decomposed with 
H3SO4 or HCl, and the acetic acid distilled in 
wacuo/Thompson, J. Soc. Chem. Ind. 1896, 367) ; 
or crude acetic acid may bo treated with oxygen 
Mnder pressure, filtered through cliarcoal and 
distilled over pure sodium acetate (Schmidt, 
Eng. Pat. 1896, 251^0). 

Hochstetter (J. Soc. Chem. Ind. 1902, 1469) 
prepares pure acetic acid by heating pure sodium 
acetate with dry HCl at 120° ; whilst Plater 
and Syberg patented a process of obtaining 
acetic acid by the electrolysis of alkali acetates. 

According to the patent process of Farben- 
fabr. vorm. Bayer u. Co. (Gor. Pat. 220705, 
1907) the crude acetate is heated to about 130°, 
the pressure within the still reduced to about 
^ atmosphere, and sulphuric acid introduced. 
The distdlate is claimed to contain only traces 
of sulphur dioxide. 

In Prager’s continuous process (Fr. Pat. 
449035, 1911) sulphuric acid is sprinkled pro- 
gressively on the acetate in a series of com- 
partments, the material being mechanically 
transferred from one compartment to the next, 
whilst the liberated acetic acid is condensed in 
the upper part of the apparatus. 

Another method of distillation makes use 
of a hot rotating surface upon which a mixture 
of acetate and sulphuric acid is mechanically 
spread. The acetic acid is condensed, and the 
solid residue is removed from the hot cylinders 
by means of scrapers (Brauer, U.S. Pat. 1196329, 
1916). 

Aromatic or radical vinegar.— Before the 
discovery of pyroligneous acid strong acetic acid 
was prepared by the distillation of ordinary 
vinegar, or of crystnliised veidigiis, whence 
it was popularly known os diahllcd verdigris. 
Tliis product, which was distilled from 
earthenware retorts, formed the aromatic or 
radical vinegar of the apothecaries, but the 
method is now obsolete. It owed its name 
to its pleasant odour, largely due to acetone, 
which is always produced when acetates of 
heavy metals are distilled, but camphor and 
essential oils were frequently added to increase 
or modify the smell. Commercial aromatic 
vinegar is now made by adding essential oils 
and spices to pure diluted acetic acid. 

Concentration and Purification . — The acetic 
aoid obtained by the distillation of crude 
acetates of lime is usuall^r concentrated by the 
redistillation of united similar fractions in a 
column still, whilst organic impurities are 
oxidised by the addition of potassium per- 
manganate or dichromate prior to the distillation. 

According to a patent process of the Chem. 
Fabr. Griesheim-Elektron (Ger. Pat. 230171, 
1909) anhydrous copper sulphate is used to 
dehydrate the acid during the distillation ; 
whpst meta-phosphoric acid is used for the 
tame purpose in anoj/her patent (Gor. Pat. 


282263, 1914). Galitzenstein (A. angew. Chem. 
1916, 29, 148) has described a patent process of 
obtaining glacial acetic acid from dilute acid 
by extra'jtioi/with an immiscible solvent, such 
as dichloroet%lcne, and claims that 90 p!c. of 
the theoretical yieCd may thus be obtained. 

In fiiother process (Harburger Chem. Werke 
Schon u. Co., Ger. Pat. 292969, 1916) the dilute 
acid is treated with potassium acetate, and the 
resulting ible compound of potassium acetate 
and acetic acid wnich sefiarates from the 
solution is redistilled. 

An electrolytic method of purification 
(French, U.S. Pat. 1104978, 1914) is based on 
the decomposition of impurities by means of 
an electric current, the streng- h of which is 
regulated to prevey't material deco: ^.position of 
acetic acid. 

Formic acid and tarry matters may bo 
removed by redistilling the crude acid with an 
equal weight of 70 p.c. sulphuric acid at about 
130°, at which temperature formic acid is 
destroyed, whilst acetic acid is not appreciably 
attacked (A. Gorhan, U.S. Pat. 1210792, 1917). 

Properties . — The strongest acid jpolidifies at 
16*6° (Bousfield and Lowry, Chem." Soc. *Proc. 
1911, 27, 187) in tabular or prismatic glistening 
crystals. The glacial acid may be cooled to 
— 10° without solidification, even when agitated, 
but on the addition of a crystal of the acid the 
whole solidifies and the temperature rises to 
16*7°. 

The specific gravity of the crystals at 16°/4° 
is 1*0607 (Mendeleeff, J. 1860, 7). They melt to a 
mobile colourless liquid of sp. gr. 1*0543 at 16°/4° 
(Petterson, J. pr. Chem. [2J 24, 301), 1*0496 at 
20°/4° (Briihl), 1 *05148 at 18°/4°, and 1*04922 
at 20°/4° (Bousfield and Lowry, kc.), which boils 
at 118*5° at 760 mm. (Perkin), 118*1° (corr.) 
(Thorpe and Rodger). The liquid is unin- 
flammable, but the vapour bums with a blue 
flame producing water and carbon dioxide. i 


Boilino- POINT OP Glacial Acetic Acid under 
VARIOUS Pressures {Landoli). 


Pressure 

Boiling 

point. 

Piessure. 

Boiling 
point 1 

Pressure. 

Boiling 

point. 

mm. 

°C. 

mm. 

00. !: 

mm. 


1160 

132 

1 660 

109 i 

60* 

48 

960 

126 

' 360 

9«J , 

30 

31 

700 

119 

1 160 


• 



When passed through a red-hot tube only 
a small portion is decompobed, producing carbon, 
acetone, benzene, &o. The strong acid olackens 
when heated with concentrated sulphu^? acid, 
evolving sulphurous and carbonic anhydrides. 

Nitric and chromic acids have no action ; for 
this reason acetic acid is frequentlv used as a 
solvent for organic substances such as hydro- 
oarbons, which are to be subjected to the action 
of chromic acid. Chlorine under the influence 
of sunlight replaces a portion of the hydrogen, 
and produces mono-, du and trichloracetic acids. 
Similarly, bromine produces dihromacetic acid. 
Commercial acetic aoid contains impurities 
which react with bromine and chlorine in the 
dark, whereas pure acetic acid is not attacked 
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by these haloj^ens in the dark. These im])urities 
can be removed by distilling the acid over 
nhosphoric oxide, only traces of acetic anhydride 
being formed in the process (Orton*^ Ed\ a-rd, and 
King, Chem. Soo. Proc. 1911, 27, 120). 

Pure acetic acid is not decomposed by direct 
sunlight, which, however, effects tiio decomposi- 
tion of acetaldehyde, with the liberation of 
methane and carbGn monoxide. Direct rays 
from a mercury vapour lamp decrMpose both 
acetaldehyde and acetic acid, the latter yielding 
carbon monoxide and dioxide and 39 p.c. of 
combustible gases (Berthelot and Gaudechon, 
Compt. rend. 1913, 150, 68). 

On the addition of water to the glacial acid 
heat is evolve^ and the density increases until 
20 p.c. of w^ter is present ; f»*om this strength to 
23 p.c. of water the density remains stationary. 
Further dilution lowers the density, so that 


either dilution or concentration from this point 
will produce ’ an acid of diminished density. 
An acid containing only 43 p.c. of acid has the 
same density as the glacial acid. This, together 
with the slight difference between the density of 
acetic acid and water, renders it impossible to 
determine, with any precision, the percentage of 
acid by means of the hydrometer. > 

No definite hydrates of acetic acid are known 
(De Coppet, Ann. Chim. Phys. [7] 16, 2l6 ; 
Colics, Chem. Soc. Trans. 1906, 1247), although 
the break which occurs in the curve of tno 
solidification points at about 37 p.c. of yater 
suggests the formation of a hydrate 

C2H,0,+2HaO 

The following table slows the density of 
aqueous acetic acid at 16° and 20° (Oudernans, 
Jahresber, Fortsch. Chem. 1886, 302) : — 


Density op Aqueous Acetio Acid (Oudbmans). 



Density 


Density j 


Density 

P-O. 

16® 

20® 

p.c. 

16® 

20® 

p.c. 

16® 

20® 

0 

0*9992 

0*9983 

34 

1*0459 

1*0426 

68 

10726 

1*0679 

1 

1*0007 

0*9997 

35 

1*0470 

1*0437 

69 

1*0729 

1*0683 

2 

1*0022 

1*0012 

36 

1*0481 

1*0448 

70 

1*0733 

1*0686 

3 

1*0037 

1*0026 

37 

1*0492 

1*0458 

71 

1*0737 

1*0689 

4 

1*0062 

1*0041 

38 

1*0502 

1*0468 

72 

1*0740 

1*0691 

6 

1*0067 

1*0055 

39 

1*0613 

1*0478 

73 

1*0742 

1*0693 

6 

1*0083 

1*0060 * 

40 

1*0523 

1*0488 

74 

1*0744 

1*0695 

7 

1*0098 

1*0084 

41 

1*0633 

1*0498 

76 

1*0746 

1*0697 . 

8 

1*0113 

1*0098 

42 

1*0543 

1*0507 

76 

1*0747 

1*0699 

9 

1*0127 

1*0112 

43 

1*0552 

1*0616 

77 

1*0748 

1*0700 

10 

1*0142 

1*0126 

44 

1*0662 

1*0525 

78 

1*0748 

1*0700 

11 

1*0157 

1*0140 

45 

1*0671 

1*0534 

79 

1*0748 

1*0700 

12 

1*0171 

1*0164 

46 

1*0580 

1*0543 

80 

1*0748 

1*0699 

13 

1*0185 

1*0168 

47 

1*0589 

1*0561 

81 

1*0747 

1*0698 

14 

1-0200 

1*0181 

48 

1*0508 

1*0559 

82 

1*0746 

1*0696 

16 1 

1*0214 

1*0195 

49 

1*0607 

l-05(i7 

83 

1*0744 

1*0694 

16 

1*0228 

1*0208 

60 

1*0615 

1*0575 

84 

1*0742 

1*0691 

17 1 

1*0242 

1*0222 

61 

1*0623 

1*0583 

85 

1*0739 

1*0688 

18 

1*0266 

1*0235 

62 

1*0631 

1*0590 

86 

1*0736 

1*0684 

19 1 

1*0270 

1*0248 

53 

1*0638 

1*0597 

87 

1*0731 

1*0679 

20 

1*0284 

1*0261 

64 

1*0646 

1*0604 

88 

1*0726 

1*0674 

21 

1*0298 

1*0274 

65 

1*0663 

1*0611 

89 

1*0720 

1*0668 

22 

1*0311 

1*0287 

56 

1*0660 

1*0618 

90 

1*0713 

1*0660 

23 

1*0324 

1*0299 

67 

1*0666 

1*0624 

91 

1*0706 

1*0052 

24 

1*0337 

1*0312 

68 

1*0673 

1*0630 

92 

1*0696 

1*0643 

26 

1*0360 

1*0324 

69 

1*0679 

1*0636 

93 

1*0686 

1*0632 

26 

1*0363 

1*0336 

60 

1*0686 

1*0642 

94 

1*0674 

1*0620 

27 

1*0375 

1*0348 

61 

1*0691 

1*0648 

95 

1 0660 

1*0606 

28 

1*0388 

1*0360 

62 

1*0697 

1*0653 

96 

1*0644 

1*0689 

29 

1*0400 

1*0372 

63 

1*0702 

1*0668 

97 

1*0625 

1*0670 

30 

1*0412 

1*0383 

64 

1*0707 

1*0663 

98 

1*0604 

1*0649 

31 

1*0424 

1*0394 

65 

1*0712 

1*0667 

99 

1*0680 

1*0526 

32 

1*0436 

1*0406 

66 

1*0717 

1*0671 

100 

1*0553 

1*0497 

33 

1*0447 

1*0416 

67 

1*0721 

1*0676 





The addition of a small quantity oi water 
lowers the melting-point of tlie glacial acid 
considerably, as shown by the table at top of 
p 16 : Dahms (Ann. Chim. Phys. [7] 18, 141). 

The tables on p. 16 of the solidification points 
of mixtures of acetic acid and water are of use 
in* determining the strength of acetio acid. 


Acetic acid is monobasic, but forms both acid 
and basic, as well as normal salts. It dissolves 
certain metallic oxides, as those of lead and 
copper, forming basic acetates. 

The action of acetic acid on aluminium is a 
matter of technical importance, since aluminium 
stills are in use for distilling the acid. Alumi- 
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Solidifying* 

point 

Water to 
100 parts 
real acetic 
acid 

Solldifylng- 

polnt 

Water to 
100 parts 
real acetic 
acid 

°C. 

16*675 

0 

«C. 

-3*94 

16*38 

46*60 

0*06 

-8*80 

21*63 

16*06 

0*29 

-12*80 

24*56 

'14*64 

1*16 

-18*10 

29*97 

11*81 

2*94 

-17*90 

30*87 

7*21 

6*63 

-23-87 

36*67 

^96 

10*33 

-24-90 

37*52 

2*46 

10*74 

-25*20 

39*30 

* -2*90 

16*80 

-26*76 

40 


RirDORFF’fl Table op Soltbifioation Points 
OF Mixtures of Aoetio Acid and Water 
(Ber. 1870, 3, 370.) 


100 parts of 
acetic acid 
mixed with 
water. 

100 parts 
contain by 
weight 

Solidiflcntion 

point. 

0*0 

0*0 

‘’C. 

+ 16*7 

0*5 

0*497 

16*65 

1*0 

0*990 

14*8 

1*5 

1*477 

14*0 

2*0 

1*961 

13*25 

3*0 

2*912 

11*95 

4*0 

3*846 

10*6 

6*0 

4*761 

9*4 

6-0 

6*060 

8*2 

7*0 

6*642 

7*1 

8*0 

7*407 

6*26 

9*0 

8*267 

6*3 

10*0 

9 090 

4*3 

11*0 

9*910 

3*0 

12*0 

10*774 

2*7 

16*0 

13*043 

-0*2 

18 0 

15*324 

2*6 

21*0 

17*355 

6*1 

24*0 

19*354 

7*4 


Grimaux’s Table of Somdifioation Points 
OF Mixtures of Acetic Acid and Water 
(Compt. rend. 1873, 76, 486.) 


Water. 

Acetic acid. 

Solidification 

point. 

Per cent. 

Per cent. 

°C. 

7*31 

92*69 

+ 5*3 

13*26 

86*76 

- 1*4 

23*52 

76*48 

-11*6 

31*18 

68*82 

-19*3 

33*56 

66*44 

-20-5 

38*14 

61*80 

-24*0 

44*50 

55*50 

-22*3 

49*38 

60*62 

-19*8 

66*54 

43*46 

-16*4 

61*68 

38*2 

-14*8 

69*23 

30*77 

-10*9 

76*23 

23*77 

- 8*2 

79*22 

20*78 

- 7 *3 

81*89 

18*11 

- 0*4 

83*79 

L- 

16*21 

— 5*5 


I nium is^ dissolved by boiling 90 p.o. acetic acid 
with the formation of an insoluble gelatinous 
I basic acetate A1(0 *000113)2011, which probably 
acts as aifprot^tive coating upon the surface of 
aluminium plant. With the dilution of» the 
acid the rate of the solution rapidly increases, 
and 90 p.c. aletic acid dj/ssolves about H)'* times 
as niucn aluminium in a given tiMe as 09 p.c. 
acid, whilst dilute acid attiicks t^e metal very 
rapidly. S^^ht variations in the strength often 
have a pronounced influence on the solvent 
action, the addition of 0*05 p.o. of water to a 
corrosive acid being sufficient in some cases to 
arrest the action (Seligman and Williams, J. 
Soc. Chem. Ind. 1916, 36, 88). 

The most suitable metals for. the construc- 
tion of acetic acid plant are block and gun- 
metal containing a sufficient proportion of tin. 

Acetic acid has a pungent sour taste, and 
when strong blisters the skin. The glacial acid 
has no action on litmus, but on addition of 
water becomes powerfully acid. It is not 
affected by the electric current, probably because 
a bad conductor, but when a little sulphuric 
acid is added the current decomposes it, pro- 
ducing, according to Renard (Ann. Ohim. Phys. 
[6] 16, 289), carbon dioxide, carbon monoxide 
and oxygen. Alkali acetates when electrolysed 
are decomposed into hydrogen and alkali 
hydroxide which appear at the negative pole, 
and ethane and ca^on dioxide at the positive 
pole. 

Acetic acid mixes with alcohol and ether 
in all proportions. It dissolves rosins, gelatin, 
flbrin, albumin, essential oils, &c. Phosphorus 
and sulphur are somewhat soluble in the warm 
acid. 

Acetic acid is largely used in the preparation 
of the acetates of copper, aluminium, iron, lead, 
&c. ; as pyroligneous acid in calico printing, 
and the curing of herrings, hams, &c. ; in 
the preparation of varnishes and colouring 
matters ; in the laboratory and certain industries 
as a solvent; for domestic use ,* in photography ; 
and in medicine os a local irritant and to allay 
fever, and in the form of smelling salts. 

Analysis , — Commercial glacial acid should 
contain not less than 98*0 p.o. of absolute acid. 
When crystallised it should not re-melt below 
14*7°. If 9 volumes oil of turpentine bo agitated 
with 1 volume of acid, no turbidity will be 
produced if the acid contain 97 p.c. or upwards. 
Acid of 99*6 p.c. produces no tumdity with any 
proportion of turpentine (Bardy, Xlhem. News, 
40, 78). 

A very delicate test for the presence of water 
is to mix the acid with an equal bulk of carbon 
disulphide in a dry tube, and warm with the 
hand for a few minutes ; in presence of a trace 
of water the liquid becomes turbid. , . 

The commercial acid may contain siliphurio 
acid, sulphates, sulphurous acid, hydrochloric 
acid, chlorides, nitrates, arsenic (derived from 
sulphuric acid), and copper, lead, zinc, iron, 
and tin derived from the vessels used in 
the manufacture. 

The presence of sulphuric acid or sulphates 
is shown by the production of a white precipi- 
tate with barium chloride. To the filtered solu- 
tion bromine or chlorine water is added, pro- 
ducing, if sulphurous aoid be present, a furtl]^r 
precipitate of barium sulphate. Hydrochloric 
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acid and chlorides are detected and estimated 
by means of silver nitrate. 

In testing for metals a considerable bulk 
of the acid should be evaporated ; a few 
drops of hydrochloric acid are added, and a 
current of hydrogen sulphide passed through 
the liquid ; a black or brown cblour^tion or pre- 
cipitate indicates lead cr copper. Coppvr njay 
also be detected in the ev«,porated liquid by the 
brown precipitate produced on the addition of 
potassium ferrocyanide, and cstimatec. oy electro- 
deposition. Iron may also be detected by the 
ferrocyanide test. To test for zinc, the solution, 
after the passage of hydrogen sulphMe, is 
filtered, nearly neutralised with ammonia, and 
sodium acetate added, when zinc will be pre- 
cipitated as white sulphide. For arsenic 
Reinsch’s, Ku-rsh’s, or the ek itrolytic test may 
be used. 

Small quantities of acetic acid may be recog- 
nised by neutralising the liquid with potassium 
hydroxide, adding arsenious oxide, evaporating 
to dryness, and heating the residue, when ^lic 
characteristic smell of cacodyl is cvoIvchI. 

To determine the free acetic acid in a solu- 
tion it is usual to titrate a woigliod quantity with 
sodium hydroxide srilution standardised against 
acetic acid of known strength or liyilrogen 
potassium tartrate (Stillwell and (iladdihg). 

As indicator litmus may be used, but as it is 
rendered blue by the normal sodium acetate, it 
is preferable to use phcnol-phthalem, to which 
that substance is neutral ; this is also more 
sensitive, and, where coloured, the lupiid may 
be considerably diluted without impairing the 
delicacy of the reaction. 

To estimate small percentages of water in 
acetic acid, the solidifying-point may bo deter- 
mined and the percentage found by the tables 
before given. 

Commercial glacial acetic acid usually con- 
tains formic acid in proportions of about 
0-^2 to 0*8 p.c. Methods of separating and 
estimating formic, acetic, propionic, and butyric 
acid in admixture are given in Zeit. anal, Chem. 
1899, 38, 217. For the estimation of formic 
acid, Fincke (Apoth. Zcit. 1910, 727) boils the 
acid under a reflux condenser with sodium 
acetate and mercuric chloride, and separates 
and weighs the precipitated caramel. Another 
method has been based upon the fact that formic 
acid will expel acetic acid from acetates. The 
acid is neutralised with sodium hydroxide, 
evaporated, and the residue dried at 125°, and 
weighed. Jt is then evaporated with formic 
acid two or three times, and the residue again 
dried at 125°. The difference between the 
weiglits corresponds to the amount of acetic acid 
expelled. The results for formic acid are about 
0*02 p.c. too high, and those for the acetic acid 
too Ir - 'Heermann, Chem. Zeit. 1915, 30, 124). 
According to the B. P. (1914) test the absence 
of formates is shown by the acid not darkening 
immediately when treated with ammonia 
solution and heated with silver nitrate solution. 

Chapman (Analyst, 1899, 24, 114) describes 
a method for the estimation of isovaleric acid 
in acetic acid. 

The presence of acetic anhydride may be 
ascertained by the red precipitate of amorphous 
selenium obtained on treating the acid with 
selenious oxide or sodium selenite, pure glacial 
VoL I.— r. 


acetic acid remaining clear in this test (Klein, 
J. Ind. Eng. .Chem. 1910, 2, 389). Another 
sensitive test is based upon the fact that acetic 
anhydride reacts with certain aniline derivatives, 
notably 2 : 4-dichloro-anilinc, to form insoluble 
anilides, which can be separated and indirectly 
estimated os chloroamine (Edwards and Orton, 
Chem. Soc. Proc. 1911, 27, 121). 

Aceto-acetic acid may be detected by the 
violet colouration which it gives with sodium 
nitroprusside and ammonia, followed by insuffi- 
cient acid to neutralise all the ammonia ( Harding 
and Kuttan, Biochem. J. 1912, (J, 445). 

The acetic acid in acetates may be )esti- 
mated by distilling about 1 gram of the salt 
nearly to dryness with 10 c.c. of a 40 p.c. solu- 
tion of phosphoric acid (free from nitric and 
other volatile acids) ; wate. is added and the 
distillation repeated to remove the last traces of 
acetic acid ; the distillates are mixed and titrated 
as above with standard alkali. This method of 
distillation may also be used for higlily coloured 
solutions of acetic acid where direct titration is 
not practicable ; or the method of distillation 
with formic acid, described above, may be 
employed. 

Most commercial acetic acid contains traces 
of tarry substances, though the proportion is 
much less in acids which have been purified by 
treatment with permanganate. The permissible 
limit for such empyreumatic substances in 
glacial acetic acid is prescribed by a B. 1*. (1914) 
test, according to which 2 c.c. of the acid should 
not decolorise within half a minute a mixture of 
3 drops of a 1 p.c. solution of potassium per- 
manganate and 10 c.c. of water. 

Manufactfre of Vinegar. 

The term ‘ vinegar,’ as its derivation implie.s, 
was originally applied to wine which had become 
sour, but is now used to describe all products 
made by the acetic fermentation of alcoholic 
liquids, the particular kind of vinegar being 
usually indicated by a prefix, such as ‘ wine 
vinegar,’ ‘ malt vinegar,’ ‘ cider vinegar,’ or 
‘ spirit vinegar.’ The terms ‘ beer vinegar ’ 
and ‘ alegar,’ which arc to be found in the Acts 
of J^arliament, are now obsolete. 

From whatever material vinegar is derived 
the essentials of the process are the same. An 
alcoholic liquid of a suitable strength must be 
subjected to the oxidising action of acetic 
bacteria, in the presence of suitable nutrient 
substances, and of a regulated supply of air. 

Wine vinegar. (Fr. Fiwaigre;Gcr. WeAne^aiq.) 
In the wine district of Orleans, which has been 
celebrated for centuries for the production of 
wine vinegar of fine aroma and flavour, the 
original method was to add a little vinegar to 
sour wine, and to expose the mixture to the 
air in open casks. This primitive method was 
still in use as late as 1876, although most vinegar 
makers in France had long discarded it for the 
‘ Orleans process,’ in which the wine is acetified 
in n series of casks packed with shavings and 
provided with holes for the admission of air. 

Full-bodied wines are selected for the manu- 
facture, and if they contain above 10 p.c. alcohol 
they are suitably diluted with weaker wines. 
The wine, before being fermented, is usually left 
for some time in contact with beech shavings. 
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on which the lees are deposited, rendering the 
wine brighter. A certain amount of extractive 
matter is, however, necessary for the develop- 
ment of the bacteria, and if the wine bo old and 
the matter deposited, the fermentation is much 
retarded. Wine one year old is preferred. 

The ‘ Vinaigrerie ’ is usually a building of 
southern aspect ; the rooms in which the pro- 
ceds is conducted are low-roofed, and, in order 
bo^admit air, the walls are provided with open- 
ings which can be closed when the temperature 
is not sufliciently high. 

Sets of casks of well-seasoned oak, bound 
ivith#liron hoops, each holding from 60 to 100 
gallons are supported on their sides in rows 
ibout 18 inches from the floor, one sot being 
'requcntly placed above another, in which case 
hose nearest the ifoof are found to work most 
'apidly. Each cask is bored with two holes in 
he front end, a larger one, the ‘ eye,’ for the 
iddition of wine or the removal of vinegar, and 
i small one for the admission of air. 

When first used the casks are thoroughly 
icalded with boiling water to remove extractive 
natter, filled to a third of their capacity with 
loiling strong vinegar, and allowed to stand for 
'ight days; from that time wine is added in 
■liarges of about 10 pints every eight days until 
he casks are not more than two-thirds full ; 
ifier a further interval of 14 days a portion, 
'arving from 10 gallons to lialf the total bulk, 
s drawn off and the periodical addition of tlie 
i^ine continued. The ttmiperature of the 
hambers should be about 26°, and is kept up 
’/hen necessary with a stove. In order to 
, certain if the fermentation is completed at 
he end of the usual time, the workman plunges 
, white spatula into the liquid ; if a reddish 
roth adheres, more wine is added and the 
emperaturo raised ; a white froth indicates 
he completion of the jirocess. More than eight 
lays are sometimes required to complete the 
xidation, in which case stronger wine and a 
igher temperature may be used. The sluggish- 
ess may, however, be due to the casks becoming 
oul, whicli occurs usually* after about six years’ 
working. The deposit of argol, yeast sediment, 
'C., is thoroughly removed, and the casks 
Icanscd and recharged with hot vinegar as in 
he case of new casks. Good casks will often 
ist twenty-five years. 

When working satisfactorily each cask will 
roduce about twice its capacity of vinegar 
nnually. 

before storing, the vinegar is usuallv passed 
irough the ‘ rapes ’ where it is ‘ brightened ’ 
nd the acetification completed. 

The drawback of the Orleans process is that 
i is excessively slow, but, on the other hand, 
le slow working promotes the formation of the 
iters to which French wine vinegar owes its 
sputation. 

In other parts of Franco and in Holland and 
a the Rhine the following method is used, 
he wine is placed in two large upright tuns 
bout 9 feet high and 4 feet wide, open to the 
:r. Each tun has a perforated false bottom 
bout 12 inches above the true bottom ; on this 
placed a quantity of vine cuttings, stalks, 
o., so as to expose a large surface for the forma- 
on of the fungus. One of the vats is half, and 

other completely, filled. The acetification 


progre38es more rapidly in the former ; this, 
after twenty-four hours, is filled from the full 
cask, in which the action then increases. This 
alternate tr^sference is continued daily until 
the acetification is complete. The most favour- 
able temperature is about 24°. The vinegar ia 
run off into jaski^ containing chips of birqji wood 
on( which the lees settle, and in ^.bout fourteen 
days being thus clarified i^ stored in close casks 
for the market. r 

Tliis rlhithod is described in a letter published 
by the Royal Society in 1670 (Phil. Trans. Roy. 
Soc. 1670, V. 2002). 

In Claudon’s process of acetification the 
wine IS fermented in a series of superposed 
closed shallow vessels, so constructed that air 
currents can be conducted ov^I: the surface of 
thin layers of tl;‘) wine. This i^ rmore rapid 
than the ordinary Orleans process. 

Malt vinegar {Makgetreide Bieressig). The 
vinegar industry in this country has developed 
out of the brewing industry, and the connection 
between the two industries is clearly shown in 
the Revenue Act of Charles II. (1673), in which 
the so-called ‘ vinegar beer ’ produced in the 
‘ common breweries * was chargeej^ a duty of 
6d. per barrel as against 1«. 3/f. upon six-wiilling 
beer. It is very probable that most of the 
vinegar first made in England was a product 
of the brewery which had become accidentally 
sour, and was then exposed to the air to com- 
plete the acetification. The manufacture of 
vinegar as a separate industry appears to date 
back not much further than the early part of 
the seventeenth century, and the first ‘ vinegar 
yard ’ in London was established about the year 
1641. Rut long before any vinegar brewer 
had become established in this country ‘ beer 
vinegar ’ or ‘ alegar ’ was made in many a house- 
hold by the simple process of adding the so- 
called ‘ vinegar plant ’ {i.r the zoogl « al form 
of acetic bacteria) to ale which had turned sour. 

The process of making vinegar on a mami- 
facturing scale was probably introduced into 
this country from France, and the methods 
which had been found to give the best results 
in the production of wine vinegar were adapted 
to the acetification of the English product from 
beer or ale. The methods of brewing used by 
the brewer and the vinegar maker then began to 
diverge, and the differences arc now well marked, 
being based upon the different qualities desired 
in the alcoholic product. * 

Preparalion of thn Wort . — In preparing the 
fermented alcoholic liquid from malt, or malt 
and grain, either a mash- tun process or a con- 
version process is employed. The mash -tun is 
essentially the same as the brewer’s mash -tun, 
with the exception that it has both rakes and 
sparge and is provided with a steam coil below 
the perforated false bottom. iptf. 

The chief aim of the vinegar maker is to 
obtain as high a yield of alcohol as possible, 
and he therefore uses a malt of fairly high 
dia.static capacity, and makes the mash at 
such temperatures as will yield a wort which 
will attenuate well. In some works the first 
mash is made with water at about 66°, which 
gives a temperature of a little over 60° in the 
mash tun. After raking for an hour or two, th^' 
wort is drawn off, and a second mash made at 
the same temperature, and finally the * goods’ 
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are sparged with water at about 65°-7P. In 
other vinegar breweries the initial mash is made 
with water at about 54°, and the temperature 
gradually raised to 66°. A seccnd nash is 
made at about 65°, and the 6nal sparging at 
B6°-71°. This method ensur-s a better yield 
of a more fermentable wort. It i..' a common 
practice to use raw grain, such as barley, flaued 
maize, or flaked rice i i admixture with the malt, 
the diastase ol the latter being srflicient to 
hydrolyse the whole of the starch present. 

If crude nee be used a preliminary treatment, 
such as cooking with steam under pressure, is 
necessary to rupture the starch granules. 

In other vinegar works the starch of the 
cereals used is ^ydrolvsed by a dilute mineral 
acid instead of by the diastase of malt. For this 
purpose the grain, usually maize or rice, is 
mixed with dilute (about 3 p.c.) sulphuric acid 
in a closed iron vessel and heated for several 
hours by steam under pressure, until a sample 
of the liquid is free from unconverted starch. 
The contents of the convertor, which now con- 
sist largely of an acid solution of dextrose, are 
neutralised with lime and chalk, and then drawn 
off, cooled, and fermented in the same way as 
the wort from tho mash tun. 

From 6 to 7 tons of grain can be treated 
in a converter of average size, and the whole of 
the starch present will be hydrolysed within 
3 hours when heated with steam under a pressure 
of about 10 lbs. 

Although most of the calcium sulphate 
separates from the liquid, sufficient will remain 
in solution to afford an indication that the 
vinegar was probably prepared by a conversion 
process. 

Fermentation of the Wort . — ^Thc wort obtained 
by one of the above described processes is cooled 
in a refrigerator, and pitched with yeast as in 
a brewery, with the difference that a much higher 
temperature is permissible than in the case of 
beer. In fact, with some yeasts it is adv isabl' 
to have a temperature as high as 21°-24° to 
check the growth and obtain better attenua- 
tion. If malt with good diastatic power has 
been used, and the wort has been prepared 
at a low temperature, there is usually no 
difficulty in attenuating a wort from a sp.gr. 
of 1*066 to about 1*001. In certain cases 
vigorous aeration of the fermenting wort is also 
required to»offect this purpose. After fermenta- 
tion, which will bo complete on the third day, 
the gyle or wash, as it is now termed, is allowed 
to stand for a few days for the yeast to subside, 
and is then pumped into store vats until required 
for the further fermentation process. 

Acetification of the Oyle . — The secondaity or 
acetic fermentation of the alcoholic liquid is 
effected by the action of one of the species of 
acetic 'oabteria, mentioned above, which under 
regulated conditions of temperature and aeration 
oxidise the alcohol first to aldehyde and then to 
acetic acid, the relative proportions of the three 
substances present in the liquid at any given 
stage of the process depending largely upon 
tho conditions of the fermentation. In addi- 
tion to aldehyde and acetic acid, acetal 
CH 3 *CH( 002 H ,-,)2 is also formed through the 
interaction of the aldehyde with the alcohol, 
and traces of ethyl acetate and other esters, 
succinic acid and other acids, are produced, 


their nature and quantity depending upon the 
nature of the substances (sugars, dextrins, &c.) 
in the gyle. Brown (J. Chem. Soc. 1886, 49, 
172) showed that B. xyhnus (‘the vinegar 
plant ’) had the power of transforming Ijcvulose 
into cellulose. 

Theoretically 46 parts of alcohol should yield 
60 parts of acetic acid, but in practice there is 
always a loss of at least 10 p.c., and in many 
factories very much more. This loss is due 
partly to volatilisation of aldehyde and enters, 
and partly to the fact that acetic bacteria are 
able to decompose the acetic acid which they 
have produced, and if the aeration of an act.lifier 
is irregular the production and decomposition 
of acid may proceed simultaneously in different 
parts of the apparatus. 

Should insufficient air be supplied to an 
acetifier, the bacteria (in this country usually 
Brown’s B. xylinus) form themselves into the 
zooglocal condition, which is a tough gelatinous 
pellicle which sooner or later chokes the aceti- 
fying medium and arrests the process. On the 
otlier hand, excess of air promotes loss by 
volatilisation and oxidation. The second essen- 
tial is a suitable temperature for the action of 
the bacteria. On the Continent the acetifiers 
work best at a temperature of about 86° to 90° F., 
whereas in England the optimum temperature 
is 108° to 110° F., which may be partly due to 
acclimatisation of the bacteria. Sunlight checks 
the acetification process, and hence tbe early 
vinegar makers took pains to exclude all daylight 
from their apparatus, but under tho present 
conditions of working this is unnecessary, for 
the amount of light which can find its waj 
through the aeration holes of the large acetifierE 
now in use is practically negligible, 

The method.s of acetification first used in 
this country were essentially the same as those 
used in tho earlier methods of making wine 
vinegar {vide supra), the casks being placed on 
their sides in a room at about 24°, or placed in 
rows in a ‘ vinegar field.’ Tho bung holes of 
the casks were left open ; at each end near the 
top holes were left for the circulation of the 
air. Each day a portion of tlie liquid was 
removed from a full cask and replaced by an 
equal quantity of liquid in a more advanced 
stage of fermentation, until, after about three 
months, the process was complete. This 
method of acetification, which was known as 
* fielding,’ has been obsolete for many years. 

QuiCK vinegar process {S^hnellessigbereitung). 
The introduction of the so-called ‘ quick ’ pro- 
cess of making vinegar is attributed to Schiitzen- 
bach, although in its main essentials it is only a 
development of the method of acetification used 
in certain wine-vinegar factories in France in 
1670 {vide supra). The main features intro- 
duced by Schiitzenbach were the use of a larger 
vessel, and of mechanical means for the repeated 
distribution of the gyle over the acetifying 
medium. 

The acetifiers introduced into British vinegar 
works about sixty years ago, at the time when 
‘ stoves,’ as the acetifying rooms were called, re- 
placed the vinegar fields, were large vats taking a 
charge of about 3000 gallons. About two-thirds 
of the way up was a perforated false bottom 
upon which beech shavings or twigs were loosely 
packed, and upon these the bacteria developed 
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whil? air currents were admitted through a 
number of holes bored in the side of the vat 
just below the false bottom, and escaped through 
small holes in the top of the vat. 

The gyle was distributed in a fine shower 
over the shavings, by means of a revolving 
sparge, and trickling downwards encountered 
the currents of air, which enabled the bactena 
to acetify a small amount of the alcohol The 
“ lu^iid from the bottom of tlie vat was then 
pumped up again, to be once more distrilmted 
over the shavings, and so on eontinually for 
two or three weeks until nearly the whole of 
the Alcohol had been transformed* into acetic 
acid. The drawback of sliavings as a medium 
was tliat they soon became clogged with inother- 
of-vinegar in places, so that the air was no 
longer evenly distributed tliroiighout the 
medium, but made channels in various places 

For this reason, in many factories shavings 
were replaced by basket work in sufierposed 
layers, and these worked much more regularly, 
and could bo more easily cleaned. Jn other 
works porous lumps of charcoal, which had been 
washed, first witli acid and tlien with water, 
were used as the acetifying medium, and pro- 
moted the acet ideation by the absorption of 
oxygen. 

Jn Wagenmann’s ‘ graduator,’ which was 
devised about 1830, n perforated shelf was fixed 
about 5 inches from the top of the vat, and 
thiough each of the JOO holes cotton or hemp 
wick was suspended to guide the liquid down- 
waids on to the shavings. 

in this apparatus was foreshadowed the 
idea utilised in Jjuck's acetider, in which the 
shavings were replaced by bunches of cords 
stretched between the distributing tray and the 
false bottom. This type of acetider works 
regularly and is easily cleaned. 

Another type of acetifier, patented by 
Leaker, is made up of a senes of rectangular 
compartments containing shelves of absorbent 
woven material which act as the acetifying 
medium, whilst a fan is employed to draw the 
evaporated products into a conclensing coil. 

In Singer’s acetider several rectangular 
com[)artmcnts are suporjiosed, and each of them 
contains a scries of wooden tubes packed with 
shavings or charcoal, and the wash is acetified 
as it trickles successively through these tubes 
from the top to the bottom of the apparatus. 

Bersch’s apparatus is also rectangular in 
form, and is packed with a series of frames 
iilled with slats of wood with a space of about 
\ inch between each slat. These frames are 
superposed, with the slats running in alternate 
direetions, and the wash is acetified as it trickles 
down through the successive layers of frames, 
it IS claimed that this acetider gives a theoretical 
yield of acetic acid, owing to its perfect system 
of aeration, but in tlie writer’s experience, this is 
not the case under it^nglish methods of acetifica- 
tion, the best yield obtained being O'OO p.c. of 
acetic acid from 0*97 p.c. of alcohol in 24 hours 
(J. Inst. Brewing, 1017, 23, 302). 

Other modifications of the acetifier make 
use of a siphon within a tank for distributing 
the wash over a perforated tray, whilst the air 
required in the siphon tank is drawn from the 
space at the top of the acetifier, so that the 
ift*ration of the apparntus remains under control 


Thb working of acetifiers is liable to be dis- 
turbed by the development of vinegar eels 
{Lepto'hm oxoph'la)^ although these cause less 
troubli^ in ^this country than on the Con- 
tinent, where acetifieation is effected at % lower 
temperature. Aether enemy of the acetifica' 
tion procesG is the ‘ vinegar mite,* wl}ich, if 
allowed to develop, \^ill eventually stop the 
process. i 

The use of pure cultivations 6f specific acetic 
bacteria has been shown tq increase the meed 
of acetifieation and improve the flavour of the 
vinegar, but so far no attempt has been made 
to make use of them in this country, where in- 
siiffirieiit importance is attached to the flavour of 
vinegar (Henneberg, Zeit fiir Slpiritusind. 1898, 
180, and Cent. Bakt. 1905, 14, d)^l ; Rothonbach, 
Woch. fiir Brau. ^5, 445, and Defifa. Essiggind 
1905,9,217, and Woch. fur Brau. 1006, 23, 260; 
Mayer, Zeit. fur Spiritusind. 21, 334 ; Biichner 
and Gaunt, Annalen, 1906, 349, 140). 

The Oronp System. — Acetic bacteria are 
sensitive to the action both of alcohol and of 
acetic acid, being killed by alcohol of 10 p.c. 
strength, and weakened by alcohol of much 
lower strength. 'J’hcir great(*Ht vi^il activity is 
attained when tlie wash reaches an acidity 
of between 2 and 3 p.c. of acetic arid, and their 
ac(‘tifying power becomes loss as the proportion 
of acid rises. It is possible, however, to acclima- 
tise them to resist the action of more alcohol 
and acetic acid than under normal conditions, 
and on this fact is based the group system of 
acetifieat ion. 

Since a 12 p.c. vinegar could not be obtained 
directly from one acetifier, the acetifieation of 
such concentrated products as Kssigsprit {vide 
supra) is effected in three groups of acetifiers. 
The first group is charged with a wash which 
will yield a vinegar of about 6 p.c. strength, and 
this is fortified with an alcoholic wash (usually 
grain or potato spirit) in sufiicient quantity to 
yield a vinegar containing 9 to 10 p.c. of acetic 
acid in the second group of acetifiers ; and the 
vinegar from these is again fortified before being 
transferred to the third group of acetifiers for 
the completion of the acetifieation. 

FiUratwn and Storage of Yinenar. — As soon 
as the vinegar has reached its maximum acidity 
it IS at once pumped into store vats, for it is 
essential that it should not be left in the acetifiers, 
where the bacteria would oxidise the acetic acid 
{vide supra). * 

In some works the vinegar is clarified by the 
addition of potassium ferrocyanide. It has* been 
shown by Harden tliat there is a possibility 
of liydrocyanlc acid being liberated in the 
presence of excess of the precipitant (L. 0. B. 
Report on Vinegar, 1908, p. 27). 

After remaining in the store vats for as long 
a time as possible, preferably not less three 
months, the crude vinegar is filtered. The filters 
used in most vinegar works are known as rapes, 
owing to the fact that raisin stalks were at one 
time — and to a limited extent are still — used as 
part of the filtering medium. Filter beds com- 
posed of layers of sand, shingle, and beech chips 
arc used for the rapes in other factories, whilst 
in others again the rapes liave been entirely 
superseded by filters containing paper pulp as 
the filtering medium. 

After bcinir filtered the ‘ bright * vinegar is 
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again stored to develop an aroma throU|,h the ! 
combination of acetic acid witli traces of j 
residual alcohol, and is then diluted to the 
strength required by the trade. ^ ^ 

Th#*8e different strengths, technically known 
as ‘ trade numbers,’ are termed Nos. IH, 18, 20, 
22, and 24. It is sometimes asserted that th6so 
numbers denote the number of grains of sodilim 
carbonate neutralised by 1 oz. of the vinegar, 
but both the tib,dition of the industry and con- 
temporary evidence show that they indicated 
the price in pence jicr gallon at which tlie 
vinegar was sold (Penny Magazine, 1842, p. 420; 
Tomlinson’s Cyclopadia of Useful Arts, 1864, 
p. 7 ; J. Soc. Chom. Ind. 1018. 148 R). 

The trade nuyfibcrs would thus originally be 
analogous to,thd term ‘six ale,’ meaning ‘six- 
shilling ale.’* 

lletore being sent out to the trade vinegar 
is freciuently coloured to a dark shade by the 
addition of caramel. 

Difitilled Vinegar. — In the early method of 
preparing aromatic or uuhral vinegar {vide 
supra)^ vinegar was distilled in a retort at 
the ordinary pressure, but in the modem process 
the distillatien is effected at a lower temperature 
under reduced pressure, and can thus be carried 
very much further without risk of burning the 
solid residue, and flavouring the distillate. 

The small stills commonly used for tliis 
purpose are made of gunmetal lined with tin, 
and are heated by a steam jacket. The outlet 
pipe from the still is connected with a tin coil 
immersed in a vessel of running water, and 
delivers into a receiver m which is a pipe con- 
nected with a vacuum ])ump. The still takes 
a charge of about 100 gallons, which is distilled 
under a reduced pressure of about 20 inches until 
only a semi-sol id mass rcsemblmg treacle 
remains in the still. 

The distillate is sold under the names of 
dislille/l mall vinegar, white vmrgar and (incor- 
reVth ) white wine vinegar. 

In addition to wine and malt, vinegar is pie- 
pared from many other substances. (Uder 
vinegar is of a yellowish colour, sp.gr. 1’012 to 
1*015. It contains 3| to 0 p.c. acetic acid, and 
on evaporation leaves a mucilaginous residue, 
smellmg and tasting of baked applies, and con- 
taining malic but not tartaric acid. I’he residue 
varies from 1 *5 to 1*8 p.c. (Jenuine cider vinegar 
is distinguished from spurious cider vinegar by 
the residue, which consists of glycerol, albuminous 
matters, gums, malic and other organic acids 
and mineral matters. They have no rotation 
and little cupric reducing power after the usual 
clarification with basic lead acetate solution. 
Acetylmcthyl carbinol is a characteristic con- 
stituent of cider vinegar. The ash of a pure 
eider vinegar amounts to not less than 0*25 p c., 
consib..^.g mainly of potassium oxide, with 
small quantities of alumma, lime, magnesia, 
sulphate, and phosphate, variable amounts of 
carbonate, and complete absence of soda. 
Spurious cider vinegars leave a molasses-like 
residue and an ash with a large percentage 
of lime or soda (Doolittle and Hess. -See 
also Smith, J. Amer. Chom. Soc, 1898, 20, 3 ; 
Leach and Lythgoc, l.c. 1904, 26, 376 ; Van 
Slyke, New York Agric. Exp. Stn. Bull. 1904, 
258, 439 ; Ladd, N. Dakota Exp. Stn. Bull, j 
32, *278). Cider vinegar made by the ‘ quick ’ I 


! pr cess contains on the average 5*7 p.c. of acetio 
j acid, and 0*4 p.c. of alcohol. ’J’he total solids, 
ash and glycerol arc substantially the same as 
in the cider from which the vmegar was pre- 
pared (Tolraan and Goodnow, J. Ind Eng. C'heni. 
1913, 5, 928). Pe/ry and crab-apple vinegat are 
used in Wales and Monmouthshire, and possess 
characteristic proiiertics. 

Glucose or sugar vinegar is prepared by 
tho conversion of amylaceous substances ii^o 
sugar, by tho action of dilute acids, followed by 
fermentation and acetification. It contains 
dextrose, dextrin, and very often gypsum, with 
hardly any iiroteiiis. Tho ash is com^Josed 
mainly of potassium salts, is rich in sulphates, 
and in the case of cane-sugar vinegars, readily 
fusible (Allen’s Comm. Org. Anal. 1909, 498). 
It is stated to bo used for adulterating wine 
vinegar. It can be distinguished from other 
vinegars by the addition of 3 or 4 volumc.s strong 
alcohol, which produces a slimy precipitate of 
dextrin. Barium chloride usually gives a copious 
precipitate, duo to the sulphuric acid used in tho 
manufacture of the glucose. 

Vinegar is now made from skim milk by 
addition of sugar, neutralisation with chalk, 
pitching first with yeast and then w'ith Mycodei ma 
accti (Baibier, Er. Pat. 334071, 1903). 

Date vinegar is made by tho consecutive 
alcoholic and acetic fermentations. Compare'* 
with malt vinegar, it is low in phosjihoric aci 
and nitrogen. 

Wood ‘ vinegar,^ as its name indicates, j 
nothing more than dilute acetic acid coloure 
with caramel, and sometimes flavoured wit 
biewed vinegar or with acetic ester. It cor 
tains about 0*2 to 0*6 p.c. of total solids, 0*02 t 
0*04 p.c. of ash, and traces of phosphoric aci 
and nitrogen. 

PiopinlKs . — Malt vinegar is a brown liquid 
of a characti'iistic odour duo to the presenei*, in 
addition to the acetic acid, of acetic and other 
esters. Ai'etic ester is sometimes added in 
•small quantify to increase this aroma. 

The addition of 1 part sulpliuric acid to 
1000 parts vinegar was permitted by an Exei.so 
Act 01 Ceojgo 111. of 1818, but this Act lias long 
been repealed. Such addition is quite un- 
nece.ssary, and is probably never made at the 
pieseiit time. 

Malt vinegar usually contains alcohol, dextrin, 
sugar, and extractive matter, acetates, chlorides, 
and sulphates, and on evaporation and ignition 
leaves a residue containing much phosphate. 

Analysis of typical vinegais sold as ‘ malt 
vinegar ’ are given in the table at top of j). 22. 

Of these samples Nos. I. and If. show the 
normal figures for barley malt vinegar. No. 
HI. was said to contain product rt of cereals other 
than barley, whilst No. IV. was made from a 
mixture of rice and green malt, the former being 
responsible for the low phosphoric acid, and the 
latter for the high nitrogen. No. V. contains 
abnormally low solid matter, and No. VI. was 
made by the conversion procc.'ss. 

Wine vinegar varies in colour from pale 
yellow to red ; that made from white wine is 
most esteemed ; it usually has an alcohoho 
odour. Its sp.gr. is 1*014 to 1*016 ; it contains 
from 6 to 12 p.c. acetic acid. A litre (1*76 pint) 
j of Orleans vinegar usually saturates 6 or 7 
I grama (92 to 108 grains) of pure dry sodi^'in 
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carbonate. On evaporation the total extract 
vanes from 1*7 to 2*4 p.c., of which 0*25 p.c. is 
usually potassium tartrate, a salt peculiar to 
wine vmegar. Tho residue, with the exception 
of the tartar, should dissolve in alcohol. 

The proof vinegars of various countries differ 
considerably ; the minim uni of acetic acid 
allowed by the various Pharmacopeias is — 
France, 8 to 9 ]).c. ; Oermany and Austria, 
9 p.c. ; Belgium, Cy (> p.c . ; Russia, 5 p.c. ,* United 
States, 4*6 p.c. Vinegar is no longer official in 
the British Pliarmacopa la. Ilio bulk of the 
vinegar sold in this country is of a strength just 
over 4 p.c. A standaid was fixed by the 
Society of Public Analy sts in 1870 of a minimum 
of 3 p.c., and this being accepted by the trade, 
became in practice the legal standard. In 1912 
the Local Govoriiment Board recommended the 
adoption of a 4 p.c. standard, but no statutory 
force has been given to this recommendation. 

Analysis of Vinegar. 

Acidity. — This is usually estimated by titra 
tion with standard alkali, with plieiiolphthalcin 
as indicator. In the case of dark samples 
caramel may be precipitated by moans of 
fuller’s earth and an aliquot part of the filtrate 
titrated. ‘ Spotting ’ tests with litmus as 
indicator give results about 1 p.c. lower in terms 
of N/2 alkali solution than direct titration with 
phenol phtlialein as iiidieatur (Brodo and Lange, 
Arb. Kaiscrl. Ucsuiidhcit.samte, 1909, 30, 1). 

Total solids. — A measured quantity is 
evaporated and the residue dried to constant 
weight at 100^. (Jon.stant shaking during the 
evaporation is necessary to expel the acetic acid, 
and a final titration of the acidity of the residue 
IS advisable. 

Alkalinity of the ash. — ^This may afford an 
indication of the probable origin of the vinegar, 
a glucose product, for instance, showing a low 
proportion of potassium oxide owing to the 
mineral acid used for the hydrolysis having 
combined with part of the bases. Variations 
m the results given by different types of vinegar 
are seen in the following results : — 



Vinegar from 
grain and 
malt. 

Grain 

and 

sugar 

Elce. 

Sugar. 

Alkalinity at] 
K2O per 100 1 
parts of vine- j 

'0O9I-OII8 

003 

0*013 

trace 

gar j 

i 





(4Uea» Analyst, 1894, 19, 15), 


Free mineral acids. — These are seldom, if 
ever, added to vinegar at the present time. 
Thev may be detected by means of 0*1 p.c. 
methyl violet solu ion, which is nOw affected by 
acetic acid, but is changed to blue or green by 
mineral acids (llilger. Arch. Pharm. 1876, 193). 
A method of detecting and estimating free 
sulphuric and other acids was based by Hehner 
on the fact that vinegars containing acetates or 
tartrates cannot contain free mineral acid, and 
since on igniting these salts they are decom- 
posed into carbonates, an cxamin«tion of the 
ash of the vinegar will afford an indication of 
the presence of free acid (Analyst, 1877, 1, 105). 
A later method devised by Richardson and 
Bowen (J. ISoc. (Jhom. Ind. 1900, 25, 830) enables 
an estimate to be made of the amount of sul- 
phuric acid originally added to a vinegar. 

ComhuieA sulphuuc acid. — Commercial 
samples usually contain from about 0 03 to 
0*17 p.c. of sulphuric acid in the form of sul- 
phates, quantities in excess of the lower figure 
usually bemg duo to the vinegars having been 
made by the conversion process. 

Added acetic ‘acid. — No direct test for added 
acetic acid has been devrsed, and an inference is 
usually drawn from ilie deviation of the figures 
from those normally given by a vinegar browed 
from barley malt. Fincke's test for formic 
acid, which is usually present in acetic acid 
{vide supra), is untrustworthy, since formic acid 
IS also a normal constituent of grain and wine 
vinegars. 

Phosphoric acid, — Tho ash from 10 c.c. of 
the vinegar is dissolved in dilute nitric acid, 
and treated with a large excess of molybdio 
reagent. The yellow precipitate is washed twice 
by decantation with cold water, dissolved in 
ammonia solution, and the solution evaporated. 
The weight of the residue multiplied by 28*6 
gives the amount of phosphoric acid P2O5. 

Nitrogen is conveniently estimated by 
Kjeldahl’s method in 10 to 25 c.c. of the vinegar. 
For comparing the results both of phosphoric 
acid and niiiogen in vinegars of different 
strength Hehner’ s method of expressing them in 
terms of ‘ original solids ’ is a convenient ' \ough 
empirical, method (Analyst, 1891, 10, 92 ; ihid. 
1893, 18, 245). 

Optical Standard for Malt Vinegar, — The 
U.S.A. Dept. Agric. (Circular No. 19, 1900) stated 
that vinegar made from barley malt or cereal was 
dextrorotatory, but Chapman (Analyst, 1912, 
37, 123) showed that the proteins and their 
hydrolytic products may cause a vinegar to 
show a Isevo-rotation. 

Caramel. — ^Added caramel may frequently 
be precipitated by the addition of fuller's earth. 
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but the test is not always satisiactory, since the 
amount removed varies with the character of 
the earth (Dubois, J. Amer. Chem. Soc. 1907, 
29, 75). A method of precipitation with tannin 
is recommended by Lichthardt (J. Ind. Eng. 
<Jhem. 1910, 2, 389), but has (gie drawback that 
proteins and iron are also precipitatdl by tannin. 
Amthor has based a metAod of detecting carauiel 
on its precipitation by paraldehyde (Zeitsch. 
anal. Chcra. 24; 30). 

Metallic Impurities . — The chiei metallic 
impurities to be looked for in vinegar are iron, 
copper, lead, and tin. The presence of iron 
may be detected by adding potassium ferro- 
cyamdo directly to the vinegar. For the detec- 
tion of traces of the other metals the methods 
(suitably modified) described under Akrated 
Waters mu-y be used, whilst arsenic may be 
detected and estimated by the official method 
of the Conjoint Committee of the Soc. Chem. 
Ind. and Soc. Public Analysts (Analyst, 1902, 
27, 48). 

Formic acid in distilled vinegar or spirit 
vinegar may bo estimated by the method 
recommended by Ost and Klein (Chem. Zeit. 
1008, 32, 8 '5). The acid is neutralised with 
alkali and titrated with permanganate. Other 
substances which reduce permanganate must be 
absent, which renders the method inapplicable 
to ordinary malt and gram vinegars. 

Oxalic acid may bo estimated by concen- 
trating the vinegar and then boiling with calcium 
acetate solution. 

Potassium hydrogen tartrate is estimated by 
titration against A/2 alkali, and taitanc acid by 
conversion to potassium liydrogen tartrate and 
8ubse({uent titration (Zeitsch, anal, Chem, 1908, 
47, 57). 

(For the estimation of methyl alcohol in 
vinegar, see Ann. Chira. anal. 1901, 0, 127 and 
171.) 

(Cayenne pepper, ginger, and other flavouring 
matters may bo discovered by neutralising and 
tasting the vinegar. 

Chcvallier has found fuchsmo in French wine 
vinegars. C. A. M. 

Metallic Acetates. 

Aluminium acetates. 

The triacetate or normal acetate Al 2 (C 2 ^^ 3 ^ 2 )r. 
IS not known. A solution corresponding to this 
compound^ but which appears to be a mixture of 
the diacetate and acetic acid, is the only acetate 
of commercial imporianco. It is known as ‘ red 
liquor ’ or ‘ mordant rouge,’ and is largely used 
in dyeing and calico-printing, especially for the 
production of red colours, madder reds and pinks 
(whence its name of red liquor) ; for the produc- 
tion of dense lakes, and for waterproofing woollen 
fabrics. It is prepared by several methods 

A ’ution of alum is added to acetate of 
lime liquor. The lime is precipitated as sul- 
phate, its place being taken by the aluminium, 
with the formation of aluminium acetate ; 
ammonium or potassium sulphate (according to 
whether ammonium or potassium alum has been 
used) is produced at the same time. The 
mixture is agitated and allowed to settle, and 
a small quantity of the clear fluid removed and 
tested by the addition of alum ; if a precipitate 
forms sufficient alum has not been used and 
mote must be added. The solution is filtered. 


concentrated to a specific gravity of 1*087 to 
1*10, and allowed to deposit any calcium sulphate 
still present. Calcium sulphate, being slightly 
soluble in water, is contained in the liquid in 
small quantity, and diminishes the brilliancy of 
the colours produced. By the substitution of 
lead acetate for the calcium acetate a bettor 
product is obtained. For this purpose 100 lbs. 
alum are dissolved in 60 gallons water, and 
treated with 100 lbs. finely-powdered lead acetate* 
with constant stirring ; or, using the same 
quantities, 10 lbs. crystallised sodium carbonate 
are added before the acetate of lead ; or, to 
100 lbs. alum in 50 gallons water 6 lbs. o? car- 
bonate are added in small portions, followed by, 
60 lbs. of lead acetate. The addition of the 
carbonate is made with a view to the production 
of a basic alummium suipnate in addition to 
the acetate, and as the sulphate assists the 
mordanting, less acetate is required. The 
solutions are allowed to settle and decanted. 
They contain the aluminium acetate mixed with 
basic aluminium sulphate and alkaline sulphate. 

An aluminium sulpho-acctate appears to act 
satisfactorily. It is prepared by mixing (1) 
453 lbs. ammonium alum (or 383 lbs. aluminium 
sulphate), 379 lbs. lead acetate, 1132 lbs. water ; 
or (2) 453 lbs. alum (or 333 lbs. aluminium sul- 
phate) and 158 lbs. acetate of lime. The mix- 
ture is agitated, settled, and the clear liquid 
decanted. 

By the use of aluminium sulphate, red Ihiuor 
of the same density contains much more of the 
active alumina than that prepared with alum. 
Thus in a sample of the former 1 gallon con- 
tained 4 oz. 4 It) grs. alumina, whilst the average, 
amount found in three samples prepared from 
alum was 3 oz. 245 grs. The addition of a little 
ammonia or other alkali ter the red liquor pre- 
laicd from aluminium sulphate is advantageous 
or certain colours. Red liquor usually contains 
fiom 3 to 5 p.c. alumina (AlgOg) and 0 to 10 p.c. 
acetic acid ; its density varies from 1 *085 to 
1 * 120 . 

The impoitanco of the formation of the gela- 
tinous basic aluminium acetate A1(0*('()C11;,)0H 
111 protecting aluminium plant from the action 
of acetic acid has been mentioiieil above. 
Ammonium acetate OaHaOaNH^. 

The crystalline salt is usually prepared by 
saturating glacial acetic acid with dry ammonia 
gas. In solution it may be prepaierl more 
cheaply by neutralising acetic acid solution with 
amnionia. On evaporation, a solution of the 
salt loses a'lnmonia, and leaves the acid acetate 
or diacetate. 

Ordinary solid ammonium acetate always has 
an odour of acetic acid ; it is very soluble in 
water and alcohol. 

Ture ammonium acetate should be entirely 
volatilised on heating. The commercial salt 
usually contains the same impurities as sodium 
acetate. 

The official ammonium acetate solution of 
the B.P. is prepared by neutralising 33 p.c. 
acetio acid with ammonium carbonate and 
diluting the liquid to a sp.gr. of 1*016. When 
treated with an equal volume of a saturated 
solution of hydrogen sulphide it should not 
darken in colour (limit of heavy metals). 

Calcium acetate. Diacetate of lime. Pyro- 
lignite of lime, Ca(CaH,0|)g. 
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Tills important salt is prepared by neutral- 
isms acetic acid, or pyroligneous acid, with lime 
or chalk- 

in the preparation from pyroligneous acid, 
the crude acicT may be used, in which case the 
acetate of lime is known as brown acetate ; or the 
distilled liquor may be employed, producing grey 
acetate. The acid is placed in large wooden or 
iron pans, and powdered chalk or limb added m 
sli/;ht excess ; the liquor remains at rest at a 
warm temperature until clear, and is then 
siphoned on into the evaporating pans. It is 
generally evaporated by means ot coils of pipe 
through which steam passes ; in this case the 
vessels arc usually wooden, and Imcd with lead, 
but sometimes iron pans are used, the evapora- 
tion being conducted over a fire. The tarry 
impurities which rise to the surface as the 
liquid evaporates are removed with a skimmer. 
As the acetate forms, it is withdrawn and 
drained m wicker baskets suspended over the 
pans. 

The proper drying of the salt is necessary 
to the formation of a good product. In large 
works a drying house is used, which is usually 
a wind furnace 7 or 8 feet long, 4^ feet broaii. 
It is first heated from 76® to 1 15°, and the fire 
slackened ; the salt is then spread over the 
bottom to the depth of about 2 inches, and when 
somewhat dry an equal quantity is spiead above 
it, the salt is repeatedly turned, and the heat 
continued for about 24 hours. When the pro- 
duct appears to be dry, the heat is increased 
to about 126°, and the last traces of moisture 
driven oil. (’are must be taken that the heat 
is not too high, or the salt becomes decomposed. 
As in the case of sodium acetate, no sparks 
must touch the mass, or it may bum away like 
tinder. 

The j^roduct, when prepared from the hi own 
liquor, is dark-coloured and contains char- 
coal and decomposed tarry matters ; it may bo 
dissolved in 3 parts hot water, filtered through 
animal charcoal, and again evaporated and 
crystallised, yielcling a nearly colourless product. 

Pure calcium acetate crystallises in silky 
needles or prisms containing two molecules of 
water. At the ordinary temperature the crystals 
effloresce, and at 100° become anhydrous, 
formmg a white powder of saline taste, very 
soluble in water. 

Calcium acetate is used in the preparation of 
other acetates, and of acetic acid, and in calico- 
printing. The pure salt is completely soluble in 
water and proof spirit. The commercial article 
usually contains 02 to 07 p.c. of real acetate, 
and 1 to 8 p.c. of matters insoluble in water. 
The impurities are hydroxide, carbonate, and 
sulphate of calcium and tarry matters ; formate 
ana other salts of calcium with fatty acids also 
occur. 

Many methods of assay for this substance 
sure in use, varying considerably in accuracy. 

The most trustworthy method is to distil 
with pure phosphoric acid and titrate the distil- 
late as already described under acetic acid {see 
Stillwell, J. Soc. Chem. Ind. 1904, 306 ; Gros- 
venor, tbid, 530 ; Gladding, .T. Ind. Eng. (’hem. 
1909, 250). The acetic acid may also be 
sxpelled by evaporation with formic acid 
[Ueermann, Chem. Zeit. 1916, 39, 124). 

. Calcium aeeto-eblorlde CaCgH,OaCl,5H«0 has 


alroad., been described as used in Condy’s process 
for the preparation of pure acetic acid. 

Copper acetates. 

The normal copp^ aceiate is prepared by 
dissolving cupric oxide or verdigris in acetic 
acid ; or by the action of copper sulphate on the 
acetates of k ad, calcium, or Wium. 

Ct crystallises in prisms ; soluble in 13 parts 
cold or 5 parts hot •water, and in 14 parte> 
alcohol. In commerce it usually occurs in 
bunches ot deep-green coloured opaque crystals 
known as * grappes.* 

(’upper acetate is used in the manufacture 
of pigments ; as an oxidising agent in the indigo 
vat ; and, formerly, for the preparation of 
acetic acid. 

Basic copper acetate. Verdigns. Vetl-de-gri^ 

1 eil de Monipelliet, Ur ants pan, 

lliis substance consists of a mixture of mono-, 
di-, and tri-basic acetates of copper, which are 
piCHcnt in different proportions in different 
varieties of verdigris. 

At Cjrcnoblo and Montpellier the following 
process is used : The * marcs ' or residues from 
the wine factories, consisting of the skins and 
stems of grapes, are loosely placed in errthen 
vessels, about !(> inches high, 14 inches in 
diameter at the widest ]>ait, and 12 inches at the 
mouth, covered and allowed to ferment, until 
on inserting a piece of copper (previously 
moistened with verdigris and dried), it becomes 
uniformly coated green in 24 hours. 9'ht 
fermentation should not proceed too far, or 
decomposition may ensue. 

'J'he copper used is in sheets 5*4 inch thick, 4 
to 6 inches long, and 3 to 4 broad, each weighing 
about 4 07.. ; they are freed from scales, if neces- 
sary, rubbed with a solution of verdigris and 
dried ; unless this precaution bo adopted, the 
first coating produced by the marcs will be 
black instead of green. They are heated over a 
charcoal fire until as hot as the hand can bear, 
and placed in an earthenware vessel in layers 
with the marcs, 30 to 40 lbs. of copper arc 
used for each vessel. In from ten to twenty 
days, according to the temperature, the covers 
are removed, when, if the process has pro- 
gressed favourably, the marcs will bo whitish 
and the copper covered w'lth fine, glossy, green 
crystals. The plates are then removed and 
placed on end one against another. After two 
or three days they are moistened by immersion 
in water or damaged w'iiie, and again placed on 
end for about a week. This alternate moisten- 
ing and exposure to the air is continued for 
about six or eight weeks. The plates thus be- 
come covered with increasing coatings of the 
verdigris, which is detached and the plates are 
again used until entirely eaten away. The 
verdigris is kneaded with a little water into 
leather bags, pressed into rectangular 0 ( ' .a and 
dried. 

This substance is known as blue verdigrie, 
and consists principally of the basic acetate 

It should be dry, of a fine bluish colour, and 
soluble in dilute acids and ammonia. 

Green verdig^ contains as a principal consti- 
tuent the sesquibasic acetate, Gu()'2Cu(CtH,0|)t, 
and is prepared by placing the copper plates 
alternately with cloths moistened every two or 
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three days with pyroligneous acid or acetio acid 
until the plates show green crystals. The plates 
are arranged so as to allow free access of air and 
occasionally moistened, for five or t x weeks. 
T^aigo quantities of verdigris are manufactured in 
England by this process fron p>roligncou8 acid. 
The inrports of verdigris are very .mall. ’ 

Jn Abresh's process (Fr. Pat. 3i)l()0;i, 1 90S) 
minerals containing tlnf oxide or carbonate of 
copper are decomposed w'ith lo p.«^ acetic acid 
solution, the cxc'^ss of acid neutralised or dis- 
tilled, alkali added to precipitate iron alumi- 
nium, calcium, &c., the liquid filtered and 
concentrated, and the copper acetate separated 
by crystallisation. 

The variou" forms of verdigris are used as 
Oil and water colours. With white lead it is 
used in Ivussia and Uollaud as an oil paint, 
which by double decomposition produces a 
peculiar green. The paint is considered a good 
preservative. Verdigris is used m dyeing and 
calico-printing, and for the preparation of 
Schweinfurth green and other cojipor paints. 

Verdigris is frequently adulterated with chalk, 
sand, clay, pumice, and sul{>]iatos of copper, 
banum, ai i calcium. When brass sheets have 
boon used in the preparation instead of copper, 
zinc will also bo present. 

When warmed with dilute hydrochloric acid 
the sand, clay, baryta, &c., will remain undis- 
solved, and may be weighed. The total residue 
in a good sample will usually amount to 3 p.c., 
but should not exceed (1 p.c. 

Aceto>arsenite of copper. Schweinfarlh green 
{v. Arsenic). 

Ferric acetate Fo2(0al£a02)«. This salt is 
prepared by the addition of calcium or lead 
acetate to ferric sulphate or iron alum, avoidmg 
excess of the acetate^ It is used as a mordant, 
its action corresponding with that of aluminium 
acetate. An alcoholic solution is uscct in 
medicine, but is no longer an official drug m 
the B.P. 

For many purposes a mixture of ferrous and 
ferric acetates is prefem^d. It is prepared by 
repeatedly pouring pyroligneous acid on iron 
turnings until saturated with iron. 1’he liquid 
is known as ' pyrohgnite of iron,’ ‘ bouillon noir,’ 
‘ liqueur do ferraille.* 

Ferrous acetate FclCsHgOjla. Pgroligmie of 
iron ; iron liquor or black liquor. Is prepared 
on the largo scale by the action of crude pyrolig- 
neous acid of sp.gr. 1*035 to 1*040 on iron 
turnings, nails, &c., at a temperature of 05°. 
The solution is frequently agitated and the 
tarry matters skimmed from the surface as they 
rise. 

It is found that the purified acid produces a 
less satisfactory liquor, a fact duo, according to 
Moyret (J. Soc. Dyers, i. 117), to the presence of 
a sniud quantity of pyrocatechol m the crude 
acid, which forms a compound with the ferro- 
soferric oxide in the solution, and causes its 
intense colour and keeping properties. 

The liquid is intensely l^ck, of sp.gr. 1*085 
to 1 ‘090, and is evaporated until its density rises 
to 1*120, or sometimes to 1*140. It is then 
ready for use, and is known as * printer’s iron 
liquor.* The liquor of density 1*120 contains 
about 10 p.c. iron. 

The density of the liquor used by dyers is 
fAquetttly rai^ by the addition of copperas 


(ferrous sulphate) ; thus, the addition to 1 gallon 
of black liquor, sp.gr. 1*085, of ( lb. copperas, 
would raise its density to 1*111. Tannin also is 
sometimes added. 

Black liquor is also prepared by the action of 
ferrous sulphate on acetate of lime ; the liquor 
produced has an averse density of 1*11, and 
always contains calcium sulphate. By the 
action of lead acetato on ferrous carbonate, 
carbonate of lead and ferrous acetate areqiro- 
duccd. 

Black liquor absorbs oxygen from the air, 
forming ferric acetate, which is always present 
m the liquid. To diminish this actioiT clean 
metallic iron is frcipicntly added. > 

It is largely used m calico-printing and in 
dyemg, in the preparatioi^of blue, violet, black, 
brown, and other colours, and for producing a 
black colour on hats, furs, leather, wood, &c. 

Lead acetate, formal or di-acetate of lead, 
Kugar of lead, Sd de tHaturne. Bleizucker. 

For the preparation of white acetate of load, 
leaden vessels are used, or copper pans, on the 
bottom of each of winch a piece of metallic lead 
IS soldered to produce a galvanic action and 
]n*event the copper from being acted upon. In 
the vessel acetio acid of 45 p.c. or less is placed, 
and to 190 parts of 45 p.c., or a jiroportionate 
<£uantity of a weaker acid, 89*5 parts of litharge 
are added in small ({uantitics, with constant 
stirring, until the luiiiid is nearly neutral ; it is 
t)i<m heated to boiling ami impurities skimmed 
from the surface, transferred to another vessel, 
evaporated to a density of 1*5, and removed to 
the crystallising pans, which are usually of 
wood, lined with Icail or copper, 4 feet by 2 fwil., 
and 0 or 8 inches high. The coarsely crystalline 
mass tiiiis obtained is drained on wooden racks, 
and broken into lumps for the market. 

A coarser variety, known as blown acetate, is 

S ared by substituting distilled pyroligneous 
for the purer acid. The muddy liquid pro- 
duced is left to settle in a large tun, and the 
supernatant liquid transferred to a large iron pan 
and heated to boiling. It is again alloweil to 
settle, transferred to another pan, evaporated 
until crystallisation commences, when about 3 
volumes of water added, causing the remaining 
impuiities to rise to the surface. The liquid is 
I skimrncd and diluted if the liquid is not suffi- 
ciently clear, and again evaporated until a small 
portion crystallises when removed and cooled. 
It is then ladled into pans and allowed to 
crystallise. 

As a rule, about 3 parts acetate are produced 
from 2 parts litharge. 

By another method granulated lead, white 
lead residues, Ac., are pl^ed in vessels standmg 
obliquely one above another ; the upper vessel is 
filled with strong acetio acid, which after the 
expiration of half an hour is allowed to run into 
the second vessel. Every half-hour it is re- 
moved to a lower one. After the acid has been 
removed, the lead absorbs oxygen rapidly, and 
becomes heated. On leaving the last vessel, 
the acid is again passed through the series, dis- 
solving the acetate which has been formed, and 
is evaporated and crystallised. 

Schmidt (Eng. Pat. 7192, 1897) describes a 
process for preparing the neutral and basic 
acetates' of metw such as lead and coppe. > by 
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the action of dilute acetic acid and oxygen upon 
the rnotal contained in closed iron cylinders. 

Pure lead acetate is a white crystalline salt 
of sweetish taste and weak acid reaction, con> 
taining 3 molecules of water. 100 parts of water 
dissolve 04*38 parts at 26®, 87*77 parts at 36®, 
and 154*26 parts at 46®. At 280® it melts, and 
when heated more strongly it forms a basic salt 
and suddenly solidilios. 

* l3ad acetate is largely used in dyeing and 
calico-printing; for the primaration of alum 
mordants, Ac. ; in the manufacture of chrome 
yellow and other pigments, and in medicine. 

forms two well-defined basic acetates 
--the dibasic acetate Pb(()2HaOa)j,l*b<3,2H^O 
(Wittstein, Anualen, 62, 253), formed by dis- 
solving litharge in t^ normal acetate in cal- 
culated proportions ; and the tribasic acetate 
Pb( 0 aH 802 )* 2 PbO aq, prepared by boiling the 
normal acetate with excess of litharge for some 
time. Ijcad acetate and solutions of siibacctate 
of load are ollicial drugs of the B.P. The 
solutions are termed Goulard water and Liquor 
ylumbi subaedaliA. 

in 1011 the annual production of white 
acetate in Germany was estimated at 2(i00 metric 
tons, about half of which was exported, mainly 
to Great Britain (Badormanti, Zeitsch. angew. 
Ghom. 1011,24, 1211). 

Lead sub-acetate CH8'CO.jPI) may bo obtained 
by the action of acetic anhydride on lead sub- 
oxide at 106®. ft is a bluish grey substance, 
soluble in alcohol (Denham, (Jliom. tSoc. Trans. 
1010 , 100 ). 

Magnesium acetate. A basii' acetate of mag- 
nesium, prepared by warming the normal 
acetate with magiiosia, is stated to be a powerful 
antiseptic, disinfectant, and deodoriser (W. 
Kubel, Bor. 15, 084-080). A syrupy solution 
of the salt containing suspended magnesium 
hydroxide is found in commerce under the name 
of ‘ Sinodor.’ 

Potassium acetate CgHaOjK occurs in the sap 
of many plants, and of trees. 

Its mode of preparation is similar to that of 
sodium acetate. It is a deliquescent crystalline 
solid, soluble in 0*53 part ice-cold water, and in 
hot water forms a solution which, boiling at 
contains 88 p.c. of the salt. 

When chloruie gas is passed through a solu- 
tion of potassium asotate, carbon dioxide is 
evolved and a powerful, unstable, blcacluiig iluid 
18 ])roducod. 

Petassium acetate may contain the same 
impuritioB os the sodium salt. The di- and tri- 
acetates are prepared like those of sodium. 

Sodium acetate OsHjOgNa is formed (1) by 
the action of dilute acetio acid on sodium carbo- 
nate, the solution bomg evaporated and crystal- 
lised ; (2) by neutralisation of iwrohgncous acid 
with soda, and evaporation and fusion of the salt 
to remove tarry matters ; (3) by the addition of 
Glauber’s salt to solution of acetate of lime or 
of lead. The solution is decanted and iiltered 
from the precipitated calcium or lead sulphate, 
evaporated and crystallised, and the crystals 
dissolved and roorystallised. Methods (2) and 
(3) ore used on the manufacturing scale. 

Sodium acetate forms monoolinio crystals, 
oontoining 3 molecules of water ; has a strong 
saline taste ; is soluble in 2*8 ports cold water 
and Ji 0*6 boiling water. The crystals melt com- 


pletely ^ 75® and lose their water of orystallisa- 
tion at 100®. By solution of this salt in ordinary 
strong acetic acid and rapid evaporation the di- 
acetate of soda is formed ; when glacial acid is 
used the triacetate is produced. 

Sodium acetate n used for the preparation of 
acotift acid anc' in medicine, but is not official in 
the ll.P. ; for the preservation of meat and 
other foods instead of salt. The saturated 
solution is occasionally used for fuling carriage 
foot- warmers. 

The commercial acetate is liable to contam 
sulphates, chlorides and carbonates, and me- 
tallic salts. Tarry matters are frequently pre- 
sent from the pyroligneous acid used in its 
manufacture. Acetate of lime, and sulphate 
and carbonate of potassium are occasionally 
addl'd as adultcranto. 

For the estimation of acetic acid in com- 
mercial acetates the method of iStillwell and 
Gladding m a modilicd form is used {v. supra). 

Titanium acetate. A double acetate of 
titanium has been patented by Kunhciin (Gcr. 
Pat. 248261, 1911). It is prepared by adding 
excess of an alkali solution to a strong solution 
of a salt of trivalciit titanium, and c’’ystall'siiig 
the double salt m a vessel from which air is 
excluded. 

Anhydrous metallic acetates may be obtained 
by the action of acetic anhydride on nitrates 
containing water of crystallisation. Tho re- 
action iH accclotatcd catalytically by acids 
and also apiiarciitly by water, as anhydrous 
nitiates do not react so readily (Spath, Monatsh. 
1912, 33, 236). 

Alkyl Acetatls. Acdic esters. 

Acetic acid forms numerous acetates with 
organic radicals. Some of ihese occur in tho oils 
from vaiiuus seeds. 

Amyl acetates G.,H,i(GsH, 0 . 2 ). 

The following isomeric am^l acetates are 
known : — 

1. Normal amyl acetate, boilmg at 147*0® 
(Gartenmeistor ) ; at 148 4® (737 mm.) (Lioben 
and iiossi). 

2. /soaniyi acetate. 

3. " Methyl jiropyl carbmyl acetate, boiling at 
133®-135® (WurU) ; at 134°- 137° (Schorlemmer). 

4. Methyl t.ifopiop^l carbmyl acetate, boiling 
at 125® (Wurtz). 

6. Diethyl earbinyl acetate, boiling at 132® 
(741 mm.) (Wagner and SayUetT). 

0. Tertiary amyl acetate, boilmg at 124® 
(750 mm.) (Flavitzky). 

Of these, only the second is of technical 
interest. 

isoAmyl acetate, generally known as amyl 
acetate (CH8)8CJH CHjCH80 CtHa0. is a colour- 
less liquid with an odour resorabling t' .t of 
jargonelle pears. Sp.gr. 0*8762 15®/4^ (Meiide- 
leeflf), 0 8562 22®/4® (Bruhl), b.p. 138*6®-139® at 
758*6 (Schiff). 

It may be prepared by distilling a mixture of 
1 part amyl alcohol, 1 part strong sulphuno 
acid, and 2 parts dried potassium acetate ; or by 
warming a mixture ox 1 part amyl alcohol, 1 
part acetic acid and 0*5 part strong sulphuric 
acid on the water-bath and pouring smution 
when oold into excess of water. The upper 
layer of purified amyl acetate is separated, shaken 
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with a atrong solution of sodium CLxbonate, 
agam separated, dried over calcium chloride, 
airo redistilled. 

It may be prepar^ commercially .from fusel 
oil,, hydrochloric acid, and calcium acetate 
(Wuson, Eng. Pat.), and the interaction of 
ohloropentane with sodium ar )tatc, in? the 
presence of strong acetic acid. To prevoilt the 
formation of amylene the sodium acetate should 
be m a px^rous, bulky condition (Kaufler, 
Eng. Pat. 2770, 1913). The commercial amyl 
acetate contains some of the oilier isiomerides. 

It is insoluble in water, but dissolves m all 
proportions in ether, amyl alcohol, and ordinary 
alcohol. The latter solution is largely used 
under the name of Jargonelle pear essence for 
flavouring confectionery. 

CampLor, tannin, resins, Ac., dissolve readily 
m amyl acetate. A solution of gun-cotton 
therein is used as a varnish, for lacquering 
metals, Ac., and in the form of a still jolly, 
mixed with opaque substance'^ such os china 
clay, as a substitute for celluloid. 

It is also used in the manufacture of photo- 
graphic films and in some smokeless powuers. 

H has been recommended for use for the 
production of a standard flame m photometry 
(J. iSoe. Cliem. Ind. 188/5, 282). 

The Hefner standard lamp bums amyl 
acetate as an illummunt. 

Ethyl acetate. Aceitc ether CaH5(('aHs02) is 
a fragrant limj>id liquid of sp.gr. 0 92464 0°/4‘\ 
b.p. 77*16® (Wade aiul Merniuan) ; sp.gr. 
0*92446 0°/4®, b.p. 77*17® at 700 mm. (Young 
and Forty). 

For the preparation of acotio other 3*6 pis. 
by weight of commercial absolute alcohol are 
mixed with 9 pts. sulphuric acid with constant 
stirrmg. After standing twenty -four hours the 
mixture is poured on 0 pts. of fused sodium 
acetate (in small lumps), allowed to stand for 
twelve hours and distilled. The product is 
rectified over calcium chloride and potassium 
carbonate and redistilled. 

Clark recommends tho following process : 
283 c.c. (10 oz.) of rectified alcohol (sp gr. 0*838) 
are placed m a flask, and 283 c.c. of sulphuric 
acid (B.P.) are added with constant stirring. 
Tho liquid should be cooled externally as far as 
possible, allowed to stand till the temperature 
nas sunk to 16®, and 351 grams (12| oz.) of dried 
sodium acetate added gradually, with oonstaiit 
stirring and cooling. The liquid is distilled 
until 400 O.C. (14 oz.) have passed over ; this is 
digested for three days with 2 oz. freshly dried 
potassium carbonate and filtered. The filtrate 
18 distilled on the water- bath until all but 1 oz. 
has passed over. On the large scale dried 
sodium acetate may be substituted for the 
potassium carbonate with advantage (v. further 
W. I "^lark, Pharm. J. [31 1883, 777). 

Ethyl acetate may be prepared by the 
action of an aluminium alkyl oxide on acetalde- 
hyde in the presence of aluminium chloride, 
which has preferably been added during the 
preparation of the aUkyl oxide from alummium 
and alcohol ; or the melted alcoholate /nay be 
dissolved in anhydrous camphor, alum. Ac., to 
increase the oatalytio action (Consortium f. 
Elektrochem, Ind., Ger. Pat, 286812, 1914 2 
Eng. Pat. 4887, 1915). 

- In the process of Farbwerko vorm. Meister, 


, Lucius and Bruning (Ei^. Pat. 1288, 1916) 
‘ acetaldehyde is treated with a filtered solution 
, of aluminium t.thoxide in an organic solvent, 
I such as xylene or solvent naphtha at 0®- 16®, a 
j yield of about 86 p.o. of the theoretical amount 
of cth\l acetate ^ing claimed {cf. Scudei'cns 
and AWuleno, Compt. roiid. 1911, 152, 1071 ; 
Kiiiteiiackcr and Habermanu, J. pr. C'liem. 
1911 ill.] 83. 541). 

Ethyl acetate is soluble in 8 parts of 'yat^r 
at 0®, and somewhat less soluble in water at 
I 16®. On the other hand, 1 part water dissolves 
' 20 parts of the acetate at 0® and 24 paits 
j at 16®. i; 

I Commercial acetic ether usually contains le>^ 

I than 75 p.c. of ctliyl acetate, the rest being 
•I acetic aeitf. alcohol, water, ether, Ac. It occurs, 
together with other organic acetates, in vinegar 
, and wines. 

i Methyl acetate Cl{s((\HaOt) is a colourless 
fragrant liquid of sp.gr. 0*9398 16®/16®, boiling 
at 67*6® (760 mm.) (Perkin). It occurs in wood- 
spirit, and ill crude wuod-vinogar. 

Methyl acetate is best prepared by distilling 
a mixture of 1 part methyl ah'oliol, 1 part potas- 
sium acetate, and 2 parts siilnhurio acid. The 
product IS dried over calcium ciilorido and quick- 
lime and redistilled. It is soluble in water, 
alcohol, and ether. 

A solvent for rosins, fats, cellulose, nitrate, 
lie., whicli consists largely of methyl acetate, 
may bo prepared by distilling pyroligneous 
acid until a tenth of its vulumo has passed over, 
then adding a mineral acid, and continuing the 
distillation until a third of the residue has 
distilled. Tho united distillates aro then 
rectified (lieilbruniier and Criquobeuf, Fr. Pat. 
464616. 1913). 

ACETIC ANHYDRIDE (ClI^CO),!) is formed 
smoothly and quantitatively by heating acetyl 
chloride with a metallic acetate. It is not, 
however, nocossary to make a soparatci pre- 
paration of tho acetyl chloride and almost any 
rcoctifin wliii'h yields acetyl chloride will yield 
acetic anhydride if an excess of metallic acetate 
bo employed. The method originally employed 
by Gerhardt (Ann. Chim. Phys. 1863, [3] 37 
286) consisted in treating an excess of anhydrous 
potassium or sodium acetate with a chloride or 
oxychloride of phosphorus. Later, Gouther 
(Annalen, 1802, 123, 114) showed that the 
reaction occurs according to the equation 

4CH,GOONa+POCL 

-2(CH,C0),0+3NaCl4-NflP0, 

This method is a satisfactory one, but since 
acetic anhydride has become an article of com- 
mercial interest, it has been found desirable to 
substitute a cheaper reagent for the phosphorus 
compound. In nearly all the commercially 
practicable processes an anhydrous chloride or 
oxychloride of sulphur is employed. 

Sulphur chlormea. Tho uso of tho chlorides 
of sulphur instead of those of phosphorus has 
been known for a very long time (Heintz, Jahr. 
1856, 569), but these liquids aro unpleasant to 
handle, and their action is not easy to control. 
The action of sulphur monoohloride on tho alkali 
salts of organic acids has been studied by 
Denham and Woodhouse (Chem. Soc. Trans. 
1909, 1235, and 1913, 1861), who used an 
indifferent solvent to dilute the reagent %nd 
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control its local action. By treaijnc dry sodium 
acetate with sulphur moiioohlurido SjiCli, in 
presence of a neutral solvent, Denham obtained 
an intermediate compound (CHgCOOl^St* which 
breaks up on heating, according to the equation 
2(CH,COO)*Sa-.2(CH3CX)),()-fS()*+3S. Den- 
ham’s reaction, however, docs not provide for 
the maximum technical utilisation of the 
reagents, since the sulphur dioxide, as an inor- 
ganic anhydride, should be capable of taking 
part in the reaction and should not be allowed 
to escape unused. 

Kessler (Fr. Pat. 315938, 1001), in making 
use of t'ne action of sulphur chloride on anhydrous 
srdium acetate, claims that by distilling oi! the 
acetic anhydride at a low temperature under 
reduced pressure, the production of sulphur 
dioxide is avoided. Whether this is the case or 
not, it is nevertheless ceitain that the distilla- 
tion of the acetic anhydride under reduced 
pressure constitutes a definite technical advan- 
tage when stoam-hcatcd vessels are used, and 
this procedure has remained standard practice 
in all subsequent methods. 

H. Dreyfus (Eng. Pat. 100450, 1016) has 
clearly set forth the principles which govern the 
technical manufacture of acetic anhydride by 
the action of sulphur chloride on dry sodium 
acetate, in order to avoid the production of 
sulphur dioxide and of chloroacctic a<'ids by 
substitution, {a) The reagents are used in the 
proportion of 6 atoms of chlorine to 8 of 
sodium ; (6) the reaction is allowed to take 
place in presence of a diluting agent, in order 
to avoid any local excess of sulphur chloride and 
overheating, for which purpose acetic anhydride 
is most conveniently employed ; (c) the sulphur 
chloride is run slowly into the well- cooled mixture 
of sodium acetate and acetic anhydride and the 
temperature is not allowed to rise above 15^ C. 
until all the sulphur chloride has been added. 
For example : a mixture of 720 kilos of dry 
pulverised sodium acetate and (iOU kilos of 
acetic anhydride is cooled below 0° C., and 
306 kilos of sulphur dichlorido is gradually 
introduced, the temperature being maintained 
at about O*’ and the mixture continually stirred. 
Stirring is contmued for some time after all the 
sulphur dichlonde has been added and the 
anhydride is subsequently distilled off, pre- 
ferably tn vacuo. The equations representing 
this reaction for sulphur monochloride and 
dichloride respectively may be written : 
8CH,t:OONa+3S,CI, 

=4{CH,C0),0+6NttCl+Na,S04+6S 

8CH,COONa+3SCl, 

=4(CH,C0),0+6NaCl+Na,S04+2S 

Thus there is a loss of sulphur which is 
obviously minimised by employing a sulphur 
chloride as rioh as possible in chlorine. This 
waste of sulphur may be avoided altogetW 
according to the process of the Akt. Ges. fiir 
Anilinfab. (Qer. Pat. 273101 ; J. Soc. Chem. Ind. 
1914, 667) by passing chlorine gas into a mixture 
of sodium acetate and tulphur chloride at a 
temperature not exceeding 20° 0., thus : 

8CH,COONa+SCl,+2Cla 

=4(CH,C0)a0+6NaCl-fNa,S04 

The above is a variant of Goldschmidt’s pro- 
oeu (Eng. Pi^t. 25433, 1008), in which the whole 


of the salphur chloride is generated in situ by 
the action of 6 atoms of chlorine on 1 atom of 
sulphur at a low temperature in presence of 
8-9 mols.rof sodium acetate. The sulphur may 
be replaced by a metallic compound containing 
sulphur, e.ff. ferrou^ sulphide (let addition to 
Fr. Pat. 408(‘'i6), and, according to a later 
additiijn to the same paucnt (Dec. 29, 1910), 
the intense cooling is not necessary and the 
reaction ma\r be conducted at temperatures 
up to 40°-50'' C. A similar process is patented 
by do Jahn (Eng. Pat. 6039, 1910), in which 
several oxidisablc compounds of sulphur may 
be used, but it is obvious that these must be 
anhydrous. 

Oxfjchloridea of Sulphur . — Thionyl chloride 
reacts with dry sodium acetate givmg acetic 
anhydride and sulphur dioxide (G. \s yss. Bull. 
Soc. Ind. Mul. 1902, 198). Denham and Wood- 
house (Chem. Soc. Trans. 1913, 103, 1861) have 
also studied this reaction, which, however, is not 
of industrial mtorest. Sulphuryl chloride, on the 
other hand, cither as such or in the nascent 
state, is of considerable importance, since it is 
easily prepared and can do utilised to full 
advantage according to the equation 
4CHaC00Na+S03(Jl3 

==2(CH3CO)aO+2NaCl+Na,SO* 

The Farbcnfab. vorm. F. Bayer und Co. 
(Eng. Pat. 21560, 1900) treat dry sodium acetate 
with a mixture of gaseous chlonno and sulphur 
dioxide at about 20° 0. in a closed vessel ; to 
avoid chlorination it is important that the 
sulphur dioxide be always present in slight excess. 
According to Farbw. vorm. Meister, Lucius and 
Pruning (Ger. Pat. 210805, 1907), sulphur 
dioxide forms a solid addition product with 
sodium acetate, which is readily decomposed 
by chlorine with the production of acetyl 
chloride or acetic anhydride, according to the 
proportions of sodium acetate used ; the 
reaction may be controlled by mixing the solid 
addition compound with an anhydrous inorganic 
salt or with sand. The Badische Co. prepare 
liquid sulphuryl chloride by mixing the two 
liqueffed gases in a special vessel in presence 
of a catalyst such as camphor or glacial acetic 
acid (Eng. Pat. 24255, 1902). Glacial acetic acid 
and acetic anhydride, being excellent solvents 
for sulphur dioxide gas, are capable of acting as 
catalysers for its combination with chlorine 
gas, and the reaction proceeds quite smoothly 
without the formation of chloroacetic acids 
provided the temperature be kept within 
moderate limits ana local excess of ^lorine be 
avoided. Thus in the process of the Akt. Gcs. 
fiir Anilin fabr., according to Ger. Pat 226218, 
1909, sulphuryl chloride is prepared by passing 
a mixture of sulphur dioxide and chlorine in 
equivalent proportions into acetic anh; !ride 
and separating the product by fractional dis- 
tillation ; the yield is nearly quantitative. It 
is, however, by no means necessary to isolate the 
sulphuryl chloride as such, and the same com- 
pany, according to Eng. Pat. 23924, 1910, 
employ .acetic anhydride both as an absorbing 
agent for the gases and as a diluting agent for 
the subsequent reaction with sodium acetate. 
For instance, 256 parts of sulphur dioxide and 
284 parts of chlorine by weight are absorbed 
in 100 of acetic anhydride and this solution is 
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mixed, while cooling, with 312 parts oZ sodium 
a^'etate ; the mixture is stirred and when the 
reaction is complete, the anhydride is distilled off. 

The above summary of methods .based on 
theiuse of chloro and oxychloro compounds of 
sulphur covers the majority of the industrial 
processes successfully practised .t the p^sont 
time. They may all oe classed together in one 
group, in that they may be conceived to yield 
acetyl chloride as an intermediate ^qroduct, and 
their mechanism depends on the intervention 
of the chlorine ion. To another group belong 
processes based on the decomposition of sodium 
acetate with a strong mineral anhydride, such as 
sulphuric anhydride. Before passing to this 
second group '•3rtain methods of the first group 
must be mentioned, depending on the use of 
sulphuric anhydride in conjunction with chlorine 
as a possible intermediary. 

Oldorosulphonic acid ROgHCl can react 
with sodium acetate to produce acetyl chloride 
or acetic anhydride, but only under disadvan- 
tageous condition! owing to the presence of the 
hydracid which liberates acetic acid. The 
Badisohe Co. (Eng. Pat, 24255, 1902) proposed 
to ...void 'his difficulty by the use of sodium 
chlorosulphonate, obtained by the action of 
chlorosulphonic acid on sodium chloride: 150 
parts of sodium chlorosulphonate are heated 
with 170 parts of sodium acetate at 70° C., and 
the anhydride produced is distilled off. ^he 
equation may be written 

NaS03Cl+2CHaC00Na 

=( 0 H 3 C 0 ) 30 +NaCl+Na 3 S 03 
If half the quantity of sodium acetate bo usedi 
acetyl chloride is produced. A similar process 
in a simplified form has been devised by H. 
Dreyfus (Eng, Pat. 17920, 1915), who uses a 
compound formed by the direct absorption of 
sulphuric anhydride by sodium chloride. In 
these reactions, the sodium chloride most 
probably does not serve merely as a vehicle for 
the absorption of the sulphuric anhydride, but 
may be assumed to play a part in the reaction 
through the intermediate formation of pyro- 
sulphuryl chloride ClSOa’O’SOaCl, thus ; 


SNaSOaCl-rSaOsCla+NaaSOa+NaCl 
SaOjClj+eCHgCOONa 


=3(CH3C0)30+2Na2S04+2NaCl 


PyrosuljAuryl chloride is formed together with 
carbonyl chloride by the action of sulphuric 
anhydride on carbon tetrachloride. Both pro- 
ducts are capable of reacting with sodium acetate 
to produce acetic anhydride, and Beatty (Eng. 
Pat. 18823, 1912) has proposed to uti&e this 
reaction, but the process hardly appears suitable 
for commercial application. 

]^pthods of the second group depending on 
the affect action of inorganic anhydrides without 
the intervention of chlorine have been far less 
widely developed, because secondary reactions 
which destroy the acetic anhy-dride ve^ readily 
occur. A method for the direct application of 
sulphuric anhydride was patented by the 
Fabriek van Chem. Prod, of Schiedam, Holland 
(Eng. Pats. 12130 and 12042, 1913), and further 
described by Van Peski (Chem. Soc. Abst. 1914, 
i. 653), in which use is made of an addition 
(jornpound of glacial acetic acid with sulphuric 
&hydride and its reaction with sodium a etate. 


i The method is attended bv certain technical 
drawbacks, the operations have to be carried 
out at a very low temperature, and it is impossible 
to prepare acetic anhydride of liJgh strength 
owing to the use of acetic acid as a vehicle. 
According to a process patented by H. Dreyfus 
(Eng. Pat. 17920, 1915) sulphuric anhydride is 
absorbed by sodium sulphate to form a solid 
addition compound which appears to be different 
from ordinary sodium pyrosulphato : 800 d^iUiS 
of sulphuric anhydride are added with constant 
stirring to 1(100 kilos of powdered anhydrous 
sodium sulphate, and tno product, when 
thoroughly cooled, is added to l(i40 ffilos of 
sodium acetate suspended in 1600 kilos ryf 
acetic anhydride, tlie mixture being constantly 
stirred and cooled with^water. The reaction 
is completed by heating at 00°-70° tJ. 

The above account sufficiently summarises 
the principal processes which are of industrial 
importance. There arc several others of poten- 
tial interest and some only of academic import- 
ance. An excellent review of the subject is 
contained in a paper by Hewitt and Lumsden 
(J. Soc. CUicm. Ind. 1910, 210). Among the 
proposed dehydrating agents of minor import- 
ance may be mentioned : Silicon tetrafluoride, 
which may be regenerated by heating the residue 
with sand and sulphuric acid (Sommer, Ft. Pat. 
354742, 1905) ; Nitric anhydride (Muller, 

Fr. Pat. 4(I89(>,3, 1914); p-Tolucnesiilphochlo* 
ride, a by-product of the manufacture of saccharin 
(von Heydon, O’er. l*at. 123052, 1901). 

Recent research has been directed to the 
synthetic preparation of acetic anhydride from 
acetylene and acetaldehyde, for instance, accord- 
ing to Fr. Pats. 420340 and 442738, by the action 
of clilorine or chlorous anhydride. An interesting 
method is based on the hydration of acetylene 
to aldehyde m presence of a mercuric salt at 
the expense of the dehydration of acetic acid 
(Boitcau, Fr. Pats. 474828 and 475853), with 
production of cthylidorie diacetato, which yields 
acetic anhydride and acetaldehyde on distillation 
(Eng. Pats. 23190, 1014; 11090(i, 1917; and 
112705, 1917). 

The chemical engineering of the manufacture 
of acetic anhydride presents no unusual problems. 
Ample cooling power must be provided to take 
up the considerable amount of heat produced 
during the mixing of the reagents. Powerful 
and effective stirring gear is necessary both 
in the mixing and the distilling plants to 
deal with the masses of semi-solid and finally 
solid materials which result from the reaction. 
Access of moist air is the principal source^ of 
loss, since 1 part of water will destroy 6*7 parts 
of anhydride. 

Crude acetic anhydride is purified and freed 
from mineral acids and sulphur compounds by 
redistillation under reduced pressure in presence 
of sodium acetate and a metallic oxide, e.g. 
copper oxide, which yields an insoluble sulphide. 
Commercially pure acetic anhydride contains 
80 96 p.c. of anhydride, the remainder being 
acetic acid. A richer product for laboratory 
purposes may be prepared by fractional dis- 
tillation. 

Physical Constawts . — The proj^rties of pure 
acetic anhydride have been studied by Orton 
and Jones (Chem. Soc. Trans. 1912, 101, 1720). 
The pure compound boils at 139*6° C. at#760 
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mm. pressure, and has sp.gr. 1-0876 at 1674® C., 
and 1 *0820 at 20®/4® C. The commercial 
anhydride containing a little acetic acid boils at 
about 138® C. The specifio heat is .0-434, and 
the latent heat of vaporisation at 137® is 66-1 
Cals, per kilo (Bertbolot). The heat of hydra- 
tion per grm.-mol to form 2 mols. of acetic acid 
(liquid) 18 13*1 C’als. The refractive index for 
the ray D at 20° C. is 1-30038, and for the ray 
ity ii 1-39927 (Landolt). 

Chemical Properties . — Acetic anhydride is not 
immediately hydrolysed on shaking with cold 
water, and at low temperatures anhydride and 
water or aqueous acetic acid may remain in 
contact with each other for a consicjerable time. 
At 20° 0. and over the hydrolysis proceeds 
rapidly, and the temperature rises very con- 
siderably. The hydration is accelerated by a 
trace of sulphuric acid. According to Orton 
and Jones (l.c.), 100 grams of pure acetic anhy- 
dride dissolve about 2-7 grams of water at 15° C., 
but the solvent power is considerably increased 
by the presence of small quantities of acetic 
acid. Liimicre and Barbicr (Bl. 1900, 35, 626) 
have studied the stability of solutions of acetic 
anhydride in water and alcohol at 15° and 0° C. ; 
100 parts of cold water dissolve 12 of acetic 
anhydride on shaking. 

When mixed with concentrated sulphuric 
acid at 0° C!. acetic anhydride forms an addition 
compound, acctylsulphuric acid, which is a 
viscous syrupy liquid ; if the temperature is 
allowed to rise this changes to the isomeric 
sulphoacctic acid HSOaOlla-COOJI, and brown 
condensation products are also formed (Stillich, 
Bor. 1906, 1241). With concentrated nitric acid 
at a low temperature, acetic anhydride gives a 
compound C 4 H«N 07 , which is described as 
diacetylorthonitric acid (Picket and (Joncqiiand, 
Bor. 1902, 2526), and witli nitric anhydride it 
gives acetyl nitrate C2(rj,0.jN()2 (Pictet and 
Khotinsky, Oompt. rend. 1907, 14 1, 210) These 
substances react generally with organic hydroxyl 
compounds as nitrating agents, more rarely as 
acetylatmg agents. Acetic anliydridc dj.s.soIves 
boric anhydride slowly, boric acid rapidly, on 
heating, giving a mixed boric acetic anhydride 
B(00C-CH.,)3. m.p. 121° C. (Pictet and (leleznofF, 
Ber. 1903, 2219). This substance may be used 
for the preparation of neutral boric esters by 
warming with alcohols and phenols. With | 
absolute formic acid at a temperature not 
exceeding 60° C., acetic anhydride combines to 
give formyl acetic anhydride which distils with 
decomposition at 105°-120° C. This com- 
povnd generally yields formic esters with 
alcohols and formyl derivatives with amines 
(B6hal, Bl. 1900, 24, 746; Eng. Pat. 12167, 
1899). 

Acetic anhvdride is employed for the manu- 
facture of cellulose acetate, acotylsalicylic acid 
(aspirin), and diacetyl morphine (heroin), also in 
the dyestuffs and pharmaceutical industries ; it 
is largely employed in the laboratory for the 
quantitative estimation of hydroxyl groups and 
for the preparation of acetyl derivatives of 
bases. With aldehyde groups it reacts, forming 
the diacetates of ortholdehydes 

R-CHO R-C(OH)a R-CCOOC-CHj), 

which are not very stable. 

Analysis . — Commercial aeetio anhydride 


should be substantially free from snipbtir and 
pho.sphoru8 compounds, chlorides and chloro- 
acetic acids. Copper from the distillation plant 
and higho* homologucs, such as propionic and 
butyric acids, may be objectionable for phar- 
maceutical or anal; tical purposes ; these may 
be Removed 'by "careful fractionation. The 
valuation of purihed acetic anhydride is Mr- 
formed by simple titration of the total acidity 
as acetic aci \ and calculation of the excess of 
acidity in terms of acetic arhydride. About 
5 grams of the sample is accurately weighed in a 
small weighing tube which is then dropped into 
100 c.c. of iV/l-sodium hydroxide. When the 
anhydride has completely disappeared, the 
cxce.ss of alkali is titrated back ‘-uth A/lO-acid 
in presence of phenolphthalein. If p is the 
weight of sample taken, and q its acidity as 
acetic acid, the weight of anhydride present is 
6*6641 iq—p). The success of this method 
depends entirely on the accuracy of the measuring 
ve.ssc1s and the standardisation of the solutions. 
An error of 0*1 c.c. of A/ 1 -soda involves an error 
of 0-7 p.c. in the anhydride result, and the 
greatest care must be exercised in the calibration 
of the burettes ; it is necessary also 'o app^ a 
correction for the change in volume of the normal 
solution at temperatures different from that at 
which it was standardised. The method of 
Menschutkin and Vasilieff is based on the forma- 
tion of acetanilide from aniline at a moderate 
temperature ; it does not give satisfactory 
results in its original form. For a risimi of 
the various methods and an improved modifica- 
tion of the aniline method, see Radcliffe and 
Medofski, J. Soc. Ohom. Ind. 1917. 628. 
There is no simple and accurate method for the 
estimation of higher homologues in presence of 
I large proportions of acetic acid ; besides the 
.standard analytical text-books, the following 
references may ho consulted : Muspratt, J. 
Roc. Chem. Ind. 1900, 204 ; Langheld and 
Zeileis, Ber. 1913, 1171 ; Crowell, J. Amer. 
Chem. Soc. 1918, 413. 

J. F. B. 

ACETINS. 1'he acetins arc the acetyl deriva- 
fives of glycerol, or glycerol acetates. Five of 
these are theoretically possible, two mono-, two 
ili-, and one Iri- derivative, according to the 
number and position of the hydroxyl groups 
attacked by the acetic acid. Only three of 
these compounds have been prepared so far, 
one in each class, and the positions which the 
acetyl groups take up in the mono- and di- deri- 
vatives does not appear to be experimentally 
proved, though they are probably terminal. 
Commercial acetin is a mixture of all three 
compounds with other products. 

The foUowing method for the preparation of 
mono-, di-, and tri-acetin has been described by 
A. C. Geitel ( J. pr. Chem. 1897, [ii.] 66, 41 # / : — 

260 grams of dry glycerol are heated with 
600 grams of glacial acetic acid for 8 hours, and 
the acetic acid and water distilled off under re- 
duced pressure. A further quantity of 160 grams 
acid is then added, and the heating continued for 
16 hours. Triacetin is isolated from the product 
by diluting with water and extracting with ether, 
and is a colourless liquid, dissolving in water to 
the extent of about 7 p.c. at 16®. It has a sp.gr. 
1*1605 at 16® and distils without decomposition 
at 172®-172*60/40 mm. Diaattn is obtained from 
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the remaining eolution by fractionatii:^ (after 
conoentration) under a pressure of 40 mm., when 
it comes over between i75*-176*. It is a soluble 
solourless liquid with sp.gr. 1*1769 at 16^ In 
3 rder to isolate the monoacetin formed in the 
reaction the aqueous solutim after removal of 
tho triacetin is extracted for 8 ho* rs with (jther 
it 34®-36® in an extraovmg apparatus for liquids ; 
tho later extracts are collected separately, diluted 
(vitU an equal volume of water, and« after being 
jxtracted with hot benzene, are concentrated. 
The monaoetin thus formed is a thick syrup of 
jp.gr. 1*2212 at 16*. By prolonging tho ether 
3xtraotion still further monacelyldiglyterol 
C 8 H 5 ( 0 H)|* 0 *CjHb( 0 Ac)* 0 H may be obtained ; 
it is a colourless liquid of sp.gr. 1*2323 at 16®. 
DiaceiyldiglyciUe may also be separated from 
the monacotin by fractionation, and triacetyl- 
diglycerol is also formed. 

Commercial Acetin(* Acetine *) is prepared by 
heating in an oibbath a mixture of 60 parts of 
glycerol and 82 parts of glacial acetic acid for 
12-16 hours at 120®, and gradually raising tho 
temperature to 160® to expel the excess of acetic 
acid. The product is a thick liquid smelling of 
aceti« acid and varying in colour from light 
yollow to dark brown, according to tho purity 
of the glycerol used. 

'I'he value of tho product depends upon the 
extent to which combination has taken place, 
and this is determined by observing tho specific 
gravity and estimating the free and combined 
acetic acid* Tho density varies between 1*1608 
and 1*1896, being lowest when tho free acetic 
acid is present m largest amount. Tho free 
and combined acetic acid are determined as 
follows: 60 grams of ‘acetin* arc diluted with 
water to 600 c.c. The free acid in 60 o.c. of this 
solution is determined by titration with normal 
caustic soda, using phcnolphthaloln as indicator. 
15 o.c. of normal caustic soda are added to 10 c.c. 
of the acotin solution, and tho combined acetic 
acid liberated by hydrolysis by boiling for five 
minutes. The excess of caustic soda remaining 
is a measure of the total acid present ; and the 
amount of combined acid is found by subtract- 
ing from the amount of caustic soda used up in 
the hydrolysis the quantity accounted for by 
the free acid. The following table (Kopp and 
Grandmougin, Bull. Soc. Ind. Mulhousc, 1894, 
112) shows the results of typical analyses: — 


No 

Density 

Acid 

free 

Acid 

combined 

Remarks 

1 

1*1774 

p.o. 

9-2 

p.o. 

46*0 

A medium qua! 

2 

1*1896 

6-98 

66*7 

ity sample 

A good sample 

3 

1^1608 

230 

43*6 

Poor sample. 


Acetin is used as a solvent for basic colouring 
matters, such as Induline and Perkin’s violet. 
They are dissolved by being heated together for 
about two hours, cooling, and filtering through 
a silk filter. Acetin is to be preferred to ethyl 
and methyl tartaric acids as a solvent, as acetic 
acid is less injurious to the fibres than tartaric 
acid. 

^Halogen derivatives of the Acetlns. 
aY-dlbromo-iS-aeetylglyeerol(CH8Br)2CH*OAo 


is obtained by the prolonged action of hy- 
drogen bromide on tnaoetin, or by heating the 
mixture to 100* in sealed tubes; it boib at 
130M36® (40 mm.) and has sp.gr. 1*6880 at 16®. 
It has an agreeable aromatic odour, is slightly 
soluble in water, and readily soluble in alcohol 
and ether. It yields tsopropyl alcohol on re- 
duction. 

a-bromo-i97-diacety]gIycerol OH |Br*CH(OAo). 
OH8 *OAo is produced by the prolonged action o? 
hydrogen bromide dissolved in acetic acid on 
triacetin at 0® in tho dark. It boils at 160®-166° 
(40 mm.), and has sp.gr. 1*2906 at 16®. It yields 
wopropylcne glycol on reduction. ^ 

ay-diohloro-is acetylglycerol (OH8Cl)aCH*OA(s 

{ irepared similarly to the bromine compound, 
)oils at 11 6®-] 20® (40 mm.), and has sp.gr. 
1*1618 at 16®. 

a-ohloro- 37 -diacetylglyceToI CH8Cl*C:iH(OAc) 
Cn8*OAc boils at 146®-160® (40 mm.), and has 
sp.gr. M307 at 16®. 

a;S-dlchloromonoacelln CH gCl-CHCl* CH , *0 Ac 
is prepared by the action of acetic anhydride 
on chlorinated allyl alcohol, and has sp.gr. 
1* 1677 at 16®, but in all other respects is identical 
with tho a 7 -diehloro- compound. 

a-lododiacetln GH8l‘OH(OAo)‘CH8'OAo is 
obtained by the action of sodium iodide on the 
corresponding chloro- compound. It is an un- 
stable oil having a sp.gr. 1.4684 at 16®. 

J. A. P 

ACETNAPHTHALIDE DISULPHONIC ACID 

V. Na1»11TH ALBUM, 

ACETOACETIC ACID CH.-CO'CH/COgH is 
a thick acid liquid miscible with water in all 
roportions. It is prepared from its ethyl ester 
y leaving 4^ parts of ester in contact with 2*1 
arts of potash and 80 parts of water for 24 
ours and acidifying with sulphuric acid. It is 
extracted from the solution with ether. 

It is very unstable and readily decomposes 
below 100® into acetone and carbon dioxide. It 
yields a violet colouration with ferric chloride 
and forms ill-characterised amorphous salts, 
BaAa,2H80 and CuA 2 , 2 £faO, when treated with 
the corresponding carbonate. 

Acetoacetio acid appears in the urine of 
diabetic patients, and indicates defective oxida- 
^tion. Its detection and estimation have been 
I tho subject of much controversy and investiga- 
tton. Arnold (Cbera. Zentr. 1809, ii. 146) makes 
use of a colour reaction with acetophenone, which 
will show 1 part in 10, 090, but is affected to 
some extent by tho presence of acetone. Bieglor 
(Chem. Soc. Abstr. 1003, ii. 112) employs the 
colour produced by the addition of sulphuric 
and iodic acids, which he states to be unaffected 
by the presence of sugars, leucine, tyrosine, or 
acetone. Bondi (Chom. Zentr. 1906, i. 707) 
recommends the use of a solution of iodine and 
the detection of acetoacetio acid by the oha- 
racteristic smell of the iodacotone produoed ; 
but Lindemann {ibid. 717) says that this smell 
is not characteristic of acetoacetio acid. Mayer 
adds tho urine to a very dilute solution of ferric 
chloride in brine, when, in the presence of 
acetoacetio acid, a claret-red ring is formed. 
When the red colour is only just visible, the 
liquid may be assumed to contain 0*01 p.o. of 
the acid. A blank test performed after boiling 
the acid for five minutes should give no colo Jr 
(Chem. Zentr. 1900, i. 406). 
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Meminger's process as modiRed by lluppert | Ap} UcaiioM in Synthema, — By means of 


Aiessinger ■ process as moainea oy liuppeix 
(Analyse des £(ams» 1898) estimates the total 
amount of acetone and acetoocetic acid present 
with fair accuracy, and the acetone may he 
estimated separately with considerable exacti- 
tude by the method of VoJin (J. Biol. Chem. 
1907, 3, 177), in which it is aspirated out of the 
liquid into iodine and potash, and the resulting 
io<loform weighed. 

' (Methyl acetoareiate CH,*CO*CH,*CO,Me is 
prepared by heating together methyl acetate and 
sodium under a reflux condenser and subse- 
quently distilling in a stream of carbon dioxide. 
It is acolourless liquid, easily miscible w ith water, 
rvhich boils at 169°-170®and has a sp.tjrr. 1*0917 
at 4® ; 1-0809 at 15® ; and 1*0724 at 25®. It is 
decomposed on boiling with water into carbon 
dioxide, acetone, and methyl alcohol. With 
ferric chloride it yields a deep red colouration. 

Ethyl arpfoarptotfi (arrimrettr p^t/pr) 
CHj'(?OaEt and (:H«;t'(OH) : (dl EOjEt/ was 
discovered byOeutherin 1803, and independently 
by Frankland and JJuppa in 1805. It is a 
colourless, slightly syrupy liquid, with a pleasant 
odour. It boils at iHOO"-l8l •2°/764 mm. 
(Briihl); 180°-1 80*37754 *5 mm. (Sehiff) ; 

71712*5 mm. and 100*2780 mm. (Kahlbanm). 
It has a specific gravity 1*0405 074° (Sehiff); 

1 *0282 2074 ° (Sehaiirn). The density gradually 
chafes on keeping (v. ta/ra). 

Ethyl acetoacetate is prepared by the action 
of sodium on ethyl acetate. 'J'ho following 
details of the method arc given by CJonrad 
(Annalen, 180, 214): 100 grams of sodium are 
added to 1000 prams of pure ethyl acetate, and 
after the reaction has moderated considerably, 
the whole is heated on a water- bath under a 
reflux condenser for 2~2J hours until all the 
sodium has disappeared. 'J'o the warm mass 
660 grams of 50 p.o. acetic acid are added, and 
after cooling 600 c.o. of water. The whole is 
well shaken, and the upper layer separated, 
washed with a little w'ater, and fraetionatnl. 
The fractions 100®-130®, 130®-166®, 1«5®-175®, 
J76®-186®, 185®-200® are collected separately 
and rofractionated twice. The yield is 176 
grams of product boiling at 175®~185®, and from 
the fraction boiling below 100®, 350-100 grams 
of ethyl acetate may be reeovere'T nft('r removtng 
the alcohol by salting out. Details of a method 
of preparation on the large scale are given by 
('Ooenzl in (>hem. Zeit. 1914, 38, 066. 

Ethyl Rcctottcetate is neutral to litmus, but 
forms salts with sodium, copper, and other 
metals by replacement of hydrogen. Only one ' 
atom of hydrogen can be replaced by sodium, 
but if the sodium in the resulting compound is 
replaced by an alkyl radicle a second hydrogen 
atom may then be replaced. Ferric chloride pro- 
duces a violet colouration. With e odium bisul- 
phite a crystalline addition product C«H|pOs, 
NaHSOj, is formed. On heating for a long time, 
or leading the vapour throuffh a hot tube, acetone, 
alcohol, dehydraoetio acid, and methane are 
formed. Sodium amalgam Truces it to fi-hydroxy 
butyric acid CH 3 -CH(OH)*CH,-CO*H. It con- 
denses with hydroxylamine, but does not form 
an oxime, as internal condensation takes place, 
resulting in the production of methyt iso- 
oxazolone CH,*C*CHt*CX) which is converted by 

N 6 

aikaliA into salts of ^-oximinobutyrio acid. 


ethyl acetoacetate fatty acids, ketones, and many 
ring compounds may be prepared. 

Fatty acids ma^ be obtained bv dissolving 
sodium "(1 atom) in absolute alcohol, adding 
ethyl acetoacetate (1 mol.) followed by an 
alk} 1 halogen compound (1 mol.). The resulting 
alkyl derivative is treai^ with Atrong alkalis, 
when the molecule is hydrolysed with formation 
of aceth acH and the desired alk^l acetic acid. 

CH3*C0*CH,*C0,H -> CH3-C(0Na):CH-C03Et 
CH3-C0*CHR*C03Et CH.-CJO.H 

+ RCHVCOjH 

If the hydrolysis is brought about by dilute 
acids instead of concentrated alkalis, the 
molecule is differently divided, producing 
ketones. 

CH^CO'CHRCO.Eb 

CHaCO-CHjR 4* Eton -f CO,. 

Dialkyl acetic acids and ketones may be pro- 
duced by introducing a second alkyl radicle into 
the molecule by a similar process after the first 
has entered, but the two cannot be introduced 
together in one operation. 

Pyrazolone»i of which the most important 
industrially is antipyrine^ are produced by the 
condensation of ethyl acetoacetate with hydra- 
zines. Antipyrin ( l-phenyl 2 : MtmpihyU5‘pyra- 
zolone) is prepared from symmetrical methyl 
phenvlhyclrazine and ethyl acetoacetate {v. also 
i’vBAZOLB and Antipyrinb). 

PhNH OEtCO 

*1* ^ pTT 

McNH 

HO tlMe 
PhNCO 

- I ^CH + Eton + H,0- 

i^IeN CMo 

Quinolines may bo prepared by first making 
the anilide of ethyl acetoacetate by heating 
with aniline at lit)®, and afterwards heating 
this product with concentrated hydrochloric 
aeid. CHj'CO-CH.'CO-NHPh changes into 
(^H 3 -C( 0 H) : CH*C(OH) : NPh, and readily con- 
denses to 1 hydroxy A-methylquinohne 

N N 

/N/V. /V\coH 


C^Y; C(J 


^ vjiua 

HO*CMe 

Pyridinea {v. also Bovx on.) are obtained by 
condensing eUiyl acetoacetate with aldehyde 
ammonias. Ethyl dihydrocoUidine dicarboxyl- 
ate is the simplest example : 

CO,Et*OH HO-CHMe HC*C 03 Et 

CH,-<S-OH^ nilH ^ HO-JcH, 

CHMe 

C0,Et-(5^-00,Et 

Pyrtmes . — Deliydracetic acid, a-mcihyi 0- 
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ftcctylpyrono, is protiuced on heating* eth>l 
acetoacotate for a considerable time. 

Constiiution , — ^The constitution of ethyl aceto- 
acetate and its sodium derivatives was f>r many 
years«a subject of discussion by Frankland and 
*4)uppa, Geuthor» Haisen, fJaar, Wislicenus, 
BriihU Perkin, and others. The geleral opirjton 
IS that eth}'! acotoacotato consists of a mixnire 
of the two forma, ketonic CHjj-CO’CUj-COjEt, 
and enolic CH3''C(0n) : CH-GOa'Kt. M’Jie freshly 

E repared substances is practically a pure ketone, 
ut on keeping it changes partially into the 
enolio form, and when equilil)rmin is reached 
about 10 p.o. of the latter is present at ordinary' 
temperatures. The rate of ehange has been 
studied by obse ving the change of viscosity. 
Sefi Dunstan and Mu.s.sel, ("hem. Soc. Trans. 
1911, 99, 6i>r>. The sodium eoinpound is a 
flerivativo of the enolic form. 

Alkyl derivatives of ethyl acetoacetate. 

I Mono-sub^slUutrd alki/l drrirntivfi. 
Ethi/lmethiflttrLltMicvtatcVW^ (‘O ('ll Me CO^Kt 
boils at and has an gr. 1-009 at O ’. 

Prepared from methyl iodide and soditini 
acetoacetate (Geuthcr, J. ISO.*), 303) 

Ethyl etJ jlacdoacetala Olla'tT) (TlPlt f’OaEt 
boils at 195°-190“. and has sp.gr. 0 9834 at 10 It 
IS readily decomposed by baryta or alcoholic pot- 
ash into alcohol, carbon dioxulo and methyl propy 1 
ketone ; and by dry soil turn cthoxido into acetic 
and butyric esters (Miller, Annalen, 200, 28l ; 
Wedol, Annalen, 2 1 0, 1 00 , PranUland and Otippa, 
Annalen, 138,21b; Wislicenus, Annalen, 180, 187) 
Ethyl propylncetoaceiaUCU^'CO'CUl^^^ (JO^Et 
boils at 208^-209®, and has sp.gr. 0 -<»hI a 
0®/4®. It is prepared by adding t<i a floliitioii 
of 27 grams of sodium in 270 grams absolute 
alcohol, 152*7 grams ethyl acetoacetate, followed 
gradually by 200 grams propyl iodi<le. 

Ethyl isopropylaceioacetaie (JIf,-C0-CHPr/3’ 
COjKt boils at ‘JOr/ToS 4 mm., and has sp.gr 
9 9806 at 0^ 

Ethyl isabulyUicetoacetale CIIj-COfJHfCTIa* 
CirMc2)'(J02Kt boils at 217°-218®, and has sp.gr. 
0-961 at 17*6® (llohn, Annalen, 190, 300 ; Miiitcr, 
Bor. 1874, 501). 

hUhyl tsoamylacetodceiale (in.,-C!0 CllCCilj 
CHji't’llMcJCyOgEt boils at 227®-228® (Peters, 
Bor. 1887, 3322). 

Ethyl amylacetoacdate CHj'CO-Ci^CftH,,) 
COjEt boils at 242®-244® (Ponzio and Prandi, 
Gazz. chem. ital. 28, ii. 280). 

Ethyl hepiylacetoaceiate boils at 27 1®-273®, and 
has 8p.gr. 0-9324 at 17*7®. 

Ethyl octylacetoacetaie boils at 280®-282®, and 
has sp.gr. 0*9351 at I8®'5/17'5®. 

2. Di‘8ub8iituted alkyl derivatives. 

Ethyl dimdhylacetoacetaU Clls’CO-CMe,- 
COjEt boils at 184®, and has sp.gr. 0*9913 at 16®. 

Ethi" mdhykthylacetoacetate CH,*CO*CMeEt 
COjEt boils at 198®, and has sp.gr. 0*947 
at 22®/17®*6. 

Ethyl mdhylpropylaedoacetate CH,*CO*CMe 
PrCO-Et boils at 214®, and has sp.gr. 0*9576 at 
17®/4f I 

Ethyl diethylacetoacetate CHg-CO'CEtjCOjEt 
boils at 218®, and has sp.gr. 0*9738 at 20 . I 
Ethyl dipropylacdoacetaUCH^‘CO'CFT 2 'CO^Et 
boils at 236®, and has sp.gr. 0*9585 at 0®/4®. 

Ethyl dHsobuiylacetwcekUe boils at 250®-203®, 
andahas sp.gr. 0*947 at 10®. 

VoL. I.—T. 


Ethyl dihcptylacdoacdnU' boils at 332°, and 
has sp.gr. 0*801 at 17-5®/17*5®. 

Ethyl dioctylacetoacetate boils at 264® /90 mm,. 
340®-342® /760 mm. 

ACETOFORM. Trade name for a oombina- 
tion of liexainethylenetetraminc and aluminium 
lu-elo cilnite. 

ACETOL {vnfhyhUttd^ acHyl rarhinol, or 
propanolou ) ( ' i f j,( '()( ’ I f jC ) II is the simplest ketone 
dcoliol. It is obf allied by sapmiheatiou of the 
acetyl carhinol aeetiito Or lornuite produced 
on eondeiiHing ehloni-acelono with potassium 
acetate or formate (Henry, Ber. 1872, 5, 966; 
\V. II. Perkin, 'Frans, t’liem. Soo. 1891, 69, 780 ; 
Ncf, Annalen, 1904. :i3r), 218). For tho purpose 
of saponification in thi.s case boiling with iiiothyl 
alcohol containing I -2 p.c. Jiydroehloric acid is 
employed, ft is also formed in the bioehemical 
o\i(lation of projiylcno glycol by means of the 
sorbose bacterium or by mycodermtt ardi, in the 
nyrociiomical dceomposilion of glycerol (Ncf, 
/ (* ), end by boating a-brornopropiunic aldehyde 
with a methyl alcoliolio solution of potassium or 
sodium formate for 10- 15 hours (Nof, ibid. 265). 
In tins latter prciiaration tho motel halide is 
liltured oil amt tiio acetol fractionated twice 
tinder diminished piessiire, when it is obtained 
perfeotlv pure. 

Acetol boils at 54° (18 mm.), and with 
slight dccompositjon at 147° under atmospheric 
pressure. It poHscsscs a faint, oharacteristio 
smell, and is nuscihlo witli water. It readily 
forms 11101*0 complex condensation iiroducts, 
cspocielly m tlic jircKoncc of traces ot lielojjon 
compounds ; but this may ho avoided by diluting 
it With its own volume of niotiiyl alcohol. When 
passed through a tube heated to 450® it 
ilcconi poses into acetaldidiydo and melaform- 
aldehyd(‘, together with a small quantity of 
their docum position products, namely, croton- 
aldehyde, carbon monoxide, hydrogen, &v. 

(Jn oxidation with merourio oxide, silver 
oxide, or chromic acid in the presence of sul- 

f ill uric acid it yields formic and acetic acids ; 
mb with copper oxide in alkaline solution it 
y n Ids laccio arid ; 

(^HaCOGHjOH CHjtX) GJ40 
+ Ha<) 

-4* i;H,*CHOH*COOH 

On reduction with sodium amalgam in aqueous 
solution, acetone, t/^ojiropyl alcohol, ami pro- 
pylene glycol are produced ; a reaction which 
Huggostu that in aqueous solution acotol has 
changed into the tautomeric form : 

CH,— — GH, 


The behaviour of acetol and its esters to the 
Grignard reagent shows that they exist in the 
carbonyl form, for with magnesium ethyl iodide, 
CH OH 

amyiene glycol q j| qjj i* obtained, 

which could not £c the ease with the ethylene 
oxide typo of structure. In contact with solid 
caustic alkali, acetol is converted into dark red 
tarry matters, with simultaneous development 
of great heat. 

Acdol-oxime is obtained by the oxidation 
>pano di-oM‘3 
mercuric oxid' 


of 2-methy2-2'hydroxyaminopropano 
(110NU)(CH,)C(GJ1,0I1), with mercu 
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(Pilots and RufT, Her. 1897. 30. 1056, 3161). 
It orystalluee in priflinfl, melts at 71^ C., and 
is eaimy soluble in water. 

Acdol semicarhazme 

OH,*C{ : N NH CONH,) CH,OH 

serves as the lx*st means of identifying acotol. 
It melts at 105°-2OO'’ C.. is very stable, and is 
only very slightly soluble m ether, benzene, and 
chloroform. The jihenylhydrazont melts at 
106^ C. ; the oMzone at 153'*-154^ C. 

The name * Aietol ’ is also given to a pro- 
duct obtained as an ester of salicylic acid by 
condensing sodium salicylate with monochlor- 
acetone OH CJ14 COO Forms 

needles from solution in alcohol, m.p. 7C'; 
sparingly soluble in warm water (Fritsch, £. P. 
3961. 1893 ; J. iSoc. diem. Jnd. 1894, 274). 

AOETOMETER. A hydrometer graduated 
to indicate the strength of eommorcial acetic 
acid according to its density. 

ACETOMORPHINE. Syn. for diacetylmor- 
|>hine. Used to check spasmodic coughing, and 
in lowering rehex irritability, v. OrirM and 
Opium Alkaloids. 

ACETONE CjH.O or C^H. CO CII,. Jjhnplhyl 
ketone. A product of the desti iictive diHiillation 
of acetates ; obtained by Liebig from lead acetate 
(Annaleti, 1. 225) and further examined by 
Jlumas (Ann. Chim. Phys. 12] 40. 208), who 
first determined its composition. Acetone is 
also produced in the dry (li.stiIlation of wood 
(Vdlckel, Aimalen, 80, 310; J. Soo. Ohom. Ind. 
16, 667, 722 ; 27, 798) ; of citric acid (Robiquet, 
B. .1. 18, 54)2) ; of sugar, stan'h, and gums with 
lime (Piimy, Annalen, 15, 279; J. 8bo. Them. 
Tnd. 21, 541, Large quantities of acetone 

are now produced by the destructive distillation 
of the giant kelp of the PaciHo Coa.st ; the 
quantity of cut kelp averaged above 24,000 
tons a month in 1917. By r>\Klatioii of protcid 
■ubstanoes with iron suits (Bluineiithal and 
Neuboiv, Chem. Zeiitr. 1901, i. 788 ; Ingler, 
Beitr. Chem. Phys. I’ath, 1J)02, i. 583), and by 
heating citric acid with potassium permanganate 
(P6an do St. Oilles, J. 1858, 585 ; Sabbataiii, 
Atti Acad. Sci. Torino. 1900, 35, 678) ; and by 
the oxidation of isovaleric acid (('rossley and 
Ije Sueur, Chem. Soc. Tran.s 1899, 1 65). Acetime 
is also produced by the Fern bach process, in 
which starch from mai/e or other grain is 
fermented by a special ferment which resolves 
thtf carbohydrate into a mixture of butyl 
alcohol and acetone. 

rre^ration . — 1. Acetone can be obtained 
by distilling a mixture of 1 part of caustic lime 
and 2 parts of crystallised lead acetate (Zeise, 
Aiug^en, 33, 32) ; but is usually prepared by 
the dry distillation of barium acetate at a 
moderate heat, ('aleium acetate can also be 
employed, but the temperature required is 
greater, and the product is contaminated with 
impurities, such as dumeufin, an iaomeride of 
mesityl oxide ; but according to Becker (J. Soc. 
Chem. Ind. 26, 279) a lower temperature is 
required if tlie calcium salts are made quite 
neutral and the formation of free lime is pre- 
vented by the introduction of a stream of diy 
carbon dioxide. Bamberger (Ber. 1910, 43, 
3517) considers that the formation of acetone 
consists 6rst in the formation of lime and acetic 
;.ihydride. and that the latter is decomposed 


into acetone and carbon dioxide. It has been 
shown (Freudenheim, J. Physical Chem. 1918, 
22, 184) that when acetone is heated with lime 
at temf^iratures ranging up to 630"^, a species 
of * cracking ' occurs, which results in the forma- 
tion of methane, ethylene, hydrogen, carbon 
mo loxido. r*id carbon dioxide. As the tem- 
perature is raised to the upper limit mentioned, 
the amount of methane increases rapidly, whilst 
that of hy(H>gen is diminished. The (explanation 
ut forwifrd is that acetone undergeos (a) a 
igh temperature dissociation ; and (5) con- 
version into keten, which thereafter decom- 
poses ; 

CHgCOOHj + 

OH3COCH3 

2CHt:CO 2C0-1-(’3H4 

Magnesium or strontium acetates can alsw 
be used. Industrialiy, acetone can be pre- 
pared by passing the vapour of acetic acid into 
air-tight vessi^Is heated to 500 \ contamiiig 
some porous substances saturated with lime or 
baryta (J. Soc. Chem. Ind. 18, 128, 824 ; 
Bauschlicker, J). U. P. 81014) ; also by passing 
a continuous current of pyroligneous acid over 
a heated acetate capable of forming acetone 
(J. Soc. Chem. Ind. 25, 634; 26, 1002; 27, 
277). An improved method is also described 
by Wenghoffer (D. 11. P. 144328; compare 
also J. Soe. Chem. Ind. 14. 987 ; 20, 1130 ; 22, 
297). 

According to Squibb (J. Soc. Chem. Ind. 
1890, 231 ; J. Amcr. Chem. Soc.), pure acetone 
for use in the preparation of smokeless powders 
can be obtained by subjecting acetates mixed 
with an excess of calcium hydroxide to destruc- 
tive distillation and to the action of superheated 
steam. 

2. From wood 8])irit acetone can be separated 
bv distilling over calcmni cliloride. The product 
obtained by these methods can readily be puriHed 
by converting the acetone into its crystalline 
compound with acid sodium (or potassium) 
Bulpnite, crystallising this, ami suoscciuently 
distiiluig with aqueous sodium carbonate ; the 
distillate is then treated with concentrated 
calcium chloride solution and the ethereal layer 
rectifieil over solid chloride. According to 
Conroy (J. Soc. Chcin. Ind. 19, 296), it should be 
puntied 1^ distillation over sulphuric acid (Dolt, 
J. Soc. Chem. Ind. 27. 272), whilst Amoult 
(tbid. 27, 079) recommends treatment with 
oxidising agents. 

According to Shipsey and Werner (Chem. 
Soo. Trans. 1913, 103, 1255), sodium iodide 
forms a crystalline compound with acetone 
NaI,3C3H30, which easily gives off all the 
acetone on gentle warming. The formation of 
this compound can be used for the preparation 
of pure acetone from the commercial material. 
It may be readily prepared by dissolving 
anhydrous sodium iodide to the point of satura- 
tion in the hot acetone, and allowing the solution 
to cool to the ordinary temperature; if the 
liquid is cooled to about —8^ by means of ice 
and salt, the yield of ciystals is largely increased. 

Acetone has been prepared s3m8ietioa^ from 
zinc methyl and acetyl chloride (Preund, 
Annalen, 1 18, 11). It occurs in the urine, blood, 
and brain of calcium diabetic patients. 

* Froperties . — Acetone is a limpid^ mobile 
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liquid* having an agreeable odour and a pbppcr- 
uunt-like taste. It is very inflammable and 
bums with a white smokeless flame* b.p. 
(Regnault) ; sp.gr. 0 8144 at 0^ 0*79045 it 13 9° 
(Kopp, Annalen, 64. 214); b.p. 56‘P-56‘2^ 
1[ooiT.)* and sp.gr. 0 8137 at (Shipsey and 
Wemey) ; 66'22° (oorr.) and spgr. 0 81 '.58 

0®/4® (Thorpe and Rodger); Hp.gr. 0*81378%it 
074®, 0*79705 at 1574®. 0 77986 at 3074® 
(Saposchnikofl* J. Russ. Phys. C'hoi Soc. 28* 
229); m.p. *—94*0® (Ijodenburg and Krugel* 
Ber. 32, 1821 ; Formenti, I/Orosi, 1900, 23, 
223). Acetono is miscible in all proportions 
with water, alcohol, ether, and many ethereal 
salts; it can be separattnl from its auueoua 
solution bv the ulditioii of calcium chloride, 
and dissolves many fats and resins, ft is 
a^ an excellent solvent for acetylene and 
tannins (Trimble and Peacock, Pharin. J. 
53, 317). Acetone is used in perfumery and 
pharmacy; in the manufacture of smokeless I 
powders; of cordite and of celluloid articles I 
(Marshal, J. Soo. Chem. Ind. 23. 24, 645), also in 
the preparation of iodoform ('reeple, J. Amor. 
Chem. HOC. 26, 170 ; Abbott, J. Phj*s. Chem. 7, 
83); of ''hloF'^form (Squibb, J. Amcr. Cliein. 800. 
1896, 231 ; Orndorll and Jes.scl, Amer. Chem. J. 
10, 363; Dolt, l.c. 271); and in the presonco 
of sodium sulphite it can be used as a good 
substitute for alkali in [ihotngraphic developers 
(Luiiii^ro and SegoweU, Bull. Son. chini. 15, (3] 
1164; Mon. Sci. 1903, 257, 508; Kichcngrun, 
Zeitsch. angew. Chem. 1902, I 111) When ita 
vapour is passctl through a red-liot copper iiihe, 
a very small proportion of tarry products con- 
taining naphthalene is obtained together with 
a large volume of gas having the coinposition : ' 
carbon monoxide, 39*23 p.c ; methane, 37*58 n.o.; 
hydrogen, 17*54 p.o.; and ethylene, 5*65 p.c. (Bar- 
bier and Roux, Compt. rend. 102, 1559). De- 
hydrating agents readily act on acetone and 
convert it into condensation ])ruducts ; thus. 


Annalen, 110, 25; 114, 54; SUideler, Annalen, 
111, 277; Friedel, Annalen, 124, 329), but when 
the niaterisk are quite dry and air is excluded, 
sodium aootonate is formed (Freer. Amor. Chem. 
J. 12. 355 ; 13. 308 ; 15. 582 ; Taylor, Chem. 
800. Trans. 1906. 1258; Bacon and Freer, 
Philippine J. Sci. 1907, 2, 67). Red-hot 
raam)e.«iurn acts on acetono, \ ielding hydrogen 
and ally lone, w'hilst niagno^sium amalgam forms 
magnesium acotonato which is rapidly doooTii- 
po^ by water, yielding pinacoiie hydrate 
(Koiser, Amer. Chem. J. 18. 328 ; Oonturier 
and Meunier. Compt. rend. 140, 721), Ajtliy- 
drotiH ac<‘tone, in presence of nietallio calinuiii, 
is slowly coMverteil at tlie onlinury temperature 
into iiu'Mlyl oxide (Raikow. Chem. Zeit, 1913, 
37, 1155). Cltloiine. bron^ne. and iodine in 
the prt'senee of alkalis eoiivert ac'otone into 
chloroform, bromofonn, and iodoform nxspec- 
tivcl> . 

I JieachonM . — When quite pure acetone should 

j remain perfectly coloniless on exposure to light, 
and should nut attacked hy potaHHium 
{lermanganatti in tlie cold ; in the presence of 
alkali, however, and on warming, carbonic, and 
oxalic acids are funned (Couheiihauson, J. pr. 
Chem. 166, 451 ; (Nmruy, J. Roc. Chem. Ind. 
19, 206 ; rournier, Bull. Soo. chiin. 1908, 3, 
259). According to Wiizemann (J. Amer. 
('hem. Soc. 1917, 39, 2657), the oxidailpn 
process invttlvc.s prt4iiiiinary enolisaiion of the 
aictone, followed by tlin formation of pyruvic 
acid . 

COMe.->CII, : (5Mo*()H-> H()*CH.*CMe(OJI)g 
Cm) CMe(()ll)„ COgff*CMe(()H), 

Acetone, when treated with ac|iieous potash 
and iodine, yields iodoform (Licl^en). (lunning 
(Zeitsch. anal. ('hem. 24, 147) has uoditiod 
this n'action to render it available when alcohol 


caustic lime converts acetone into me.sityl oxitle 
O.H,o() and phorono 0311,40 when the action is 
allowed to continue for a week (Cittig, Annalen, 
1 10, 32), and, together with smaller pro|X)rtioiii' 
of other products, these two compounds are 
also formed when it is saturated with hydrogen 
chloride and allowed to stand for 8 to 14 
days (Baoyer, Annalen, 140, 297): with zinc 
chloride terpene condensation products are 
formed (Raikow, Ber. 30, 905). Distillation with 
concentrated sulphuric acid converts acetone 
into mositylene, mesityl oxide, phorono and 
isodurene and other substances (Omdorff and 
Young, Amer. (Jhem. J. 15, 240). A similar 
result is obtained when it is heated with boron 
fluoride. The action of nitrio acid and nitrio 
oxide on acetone has been studied by Newbury 
and Omdofif (Amer* Chem. J. 12, 517), Behrcnd 
and Schuiite (Annalen, 277, 310). Bchrend and 
Tryller (Axmalen, 283, 209), Apetz and Hell (Ber. 
27, 933), Traube (Annalen, 300, 81), McIntosh 
(Amer. Chem. Soo. 27, 1013) ; of hydrogen per- 
oxide by Baeyer and Villiger (Ber. 32, 3625 ; 33, 
174, 858), Pastureau (Compt. rend. 140, 1591), 
Wolffenstein (Ber. 28, 2265) ; of thionyl chloride 
by Loth and Michaels (Ber. 27, 2540) ; and of 
hypophosphorouB aokl by Marie (0)mpt. rend. 
133, 219). 

Sodium in the presence of water reduces 
acetdne to isopropyl alcohol and pinacone (Fittig, 


IS present by employing ammonia and a solu- 
tion of iodine in animonium iodide. Another 
test proi>osod hy Reynolds (t&id. 24, 147) is based 
on the fact that merourio oxide is soluble in 
acetono in the presence of potassium hydroxide ; 
the suH|)ccted liquid is mixed with a solution of 
mercuric chloride rendered strongly alkaline with 
alcoholic potash, and after shaking the mixture 
IS flltorod and the iiltrato tested for mercury by 
moans of ammonium sulphide or stannous 
chloride. Denig6s (Compt. relld. 126, 1868 ; 
127, 963; Bull. Soo. chira. 13, [3] 543; 10, fS] 
754) recommends the use of the additive com- 
pound formed by acetone with mercury sulphate, 
for detecting acetone in methyl and ethyl 
alcohol (Opponheimer, Bor. 32, 986). Pensoldt 
(Zeitsch. anal. Chem. 24, 147) adds to the 
suspected liquid orthonitrobenzaldehyde, which 
in presence of caustic alkali combines with ace- 
tone to form indigo. Another delicate test ia to 
add sodium hydroxide, hydroxylamine and 
pyridine, then ether and bromine until the 
solution is yellow, hydrogen peroxide is now 
added when, if acetone is present, the solution 
becomes blue (Stock) ; dimethyl p-phenylenedia- 
mine produces a red colouration which changes 
to violet on addition of alkali or acid (Malerba, 
Zeitsch. anal. (Iioin. 37, 690). Similar colour ro- 
aotiona are obtained by adding a few drops of 
sodium nitroprusside to a mixture of acetone anu 
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a primary aliphatic amine (Rimini, Chem. Zentr. > oyaniiyclrin in obtained in the dark, but in the 
189.S,2,132). OfaUthesetestoljieben^eisperhapf) light a mixture of prodnoto is formed (Silber, 
the most sensitive. To detect acetone in urine a liter. 38, 1671).*- 4. Compounds with ammonia 
strong solution of sodium nitroprusside is added, Ammon.a unites with acetone in the oold with 
then the mixture made alkaline with potash, the elimination of the elements of watery the 
when a red colouration is produced which rcimtion, howovex, proceeds more quickly if the 
changes to violet on addition of acetic acid (Legal, teifpcrature is raised to 100", or if dry ammonia 
J. Pharin. Chim. 1888, 17, 206; Denig^s, Bulk gas is passed into boiling acetone. Several 
Sqe. ohim. [3] 16. 10.68). According to Egcling bases, diaoctonamine CcH^,NO, triaoetonamine 
(Chem. Zentr. 1894, ii. 467), it is bcht to use CjH^NOi tnacctonediamine CiHjoN,0, and 
ammonia, when a brilliant violet colour is at dehydrotriacetonamineC^HiaN; the last two in 
once produced : this reaction is not given by very small quantity only, have been obtained bv 
aldckydo. For other methods of detecting and these mothers, the relative proportions in which 
estimating acetone, compare Arachequesne, thev are formed varying with the temperature 
Compt. rend. 110, 042; Collischonn, Zeitsch. ancf time employed. These bases and their 
anal. Chem. 29, 662; Squibb, J. Amor. Chem. derivatives have been exan/ned by Heints 
Soo. 18, 1068: Koblar, t6td. 19,310; Schwicker, (Annalen, 174, 133; 175, 262; 178, ^6, 326; 
(;hem. Zeit. 16. 914; Straeho, Monatflh. 13, 299; 181,70; 18.3,276; 189,214; 19i; 122 ; J98. 
Klar. J. Soc. Chem. Ind. 15, 299 : Hintz, Zeitsch. 42, 87 ; 201, 90 ; 203, 336) and by Sokolow and 
anal. C^licin. 27, 182; Stornberi;, (Jhom Zontr. Latschinow (Ber. 7, 1384), Ruhemann and 
1901, i. 270; Kcpprlcr, Zeitsch. angew. (3iem. Carnegie (Chem. Soo. Trans. 1888, 424), Rtighei. 
18, 404; Vaubol and Schlouor, xhid. 18, 214; mer (Ber. 21, 3326; 26, 1662), Harries (An- 
JoUes, Ber. 39, 1300; Aulil, J. Soo. Chem. Ind. nalon, 296, 328), Franohimont and Friedmann 
25, 100 ; Hoikol, Chora. Zeit. 32, 7.6. (Reo. Trav. Chiin. 1907, 223), Gabriel andCoIman 

( For estimating acetone in wood spirit, see ( lier. 35, 3805), Kohn and Lindauor (Monatsh. 
Ar.ichcquesne, l.c. ; Vignon, Compt. rend. 110, 23, 754), Kohn (Annalen, 361, 13*.; M natsh. 
631; 112, 873; and in urine, see lluppert, 24. 76.6, 773; 25. 136, 817, 850; 28, 429, 
Zeitsch. anal. Chem. 2!1, 632 ; SalkowsKi, .f. 608, 629, 637, 1040) ; they yield well-crystallised 
Pharm. Chim. 1801, 191; Goolniuv<len, Zeitsch. salts, and can bo separate from one another 

anal. Chora. 3.6, 603 : Willon, CJhern. Zentr. by means of their oxalates. Methylamine also 

1807, 1 . 134; Mart/, ii. 232; Argenson, Bull, gives corresponding compounds with acetone, 
Soc chiin. 16, [3] 1065; Sluder, Chem. Zentr. but dimethylamine yields dimethyldiaceton- 

1808, i. 1162; Mallat, J. Phaiiii. 1897, 6296; amino as the sole product (Gottsohmann, 

Sabbatani, Chem. Zeiiir. 1899, ii, 22; Riegler, | Annalen, 197,27). 

Zeitsch. anal. Chem. 40, 94; Vouinasos, Bull. | Thioacotones have been siuditul by Ban- 
Soo. ohim. 31, [3] 137; Graaflf, Pharra. Week- f mann and Fromm (Ber. 22, 1035, 2692). 
blad, 1007, 41,65.6; Folin, J. Biol. Chem. 1907, Acetone forms compounds with mercuric siil- 
3, 177; Monitnarf, J. Pharm. Chem. 1892, 26, pbate (DenigiVs, l.r ; Oppcnhciincr, l.c.), with 
302; lleikel, f.e. ; llart,J. Biol. Chem. 1908, 4, men'iiric oxide (Auld and Hantzsch, Ber. 
477.) 3S, 2677; IjaH-serre, J. Pharm. Chim. 1890, 

Derivatives. — Acetone combines directly with 22, 21t'>), ^\ith inercurio cyanide (Marsh ainl 
a largo number of substances yielding well- j StrutlH-r.^, (’lieni. Soc. Trans. 1905, 1878), willi 
characterised additive compounds. 1. Com- mercurio iodide (Gernez, Compt. rend. 137, 256; 
pounds with alkaline sulphites : — Acetone forms Marsh and Struthers, Chem. JSoc. Proo. 1908, 
definite orystallinc coin^iounds when shaken with 26b), and with racicuiie nitrate (irlolmaiin, 
oonoontrated solutions of the acid sulphites (bi- Bor. 31, 2212). Metallio derivatives of the 
sulphites) of the alkali metals (Precht, Phot, type CH,'COT*HgK are obtained by the elec- 
Centr. 1902, 8, 301 ; Kerp, Kai^erl. Gesundh. trolysis of acetone solutions of potassium or 
1004, 21, 40; Rothwood, Monatsh. 20, 1546). The sodium iorlides or of potassium thiocyanate 
poto«siam 6 ultC 3 HeO,KHiS 03 ,andthosodtumsalt (Levi and Voghora, Gazz. ohim. ital. 35, i. 
CsHgO.NnlLSOi, crystallise in nacreous scaler 277). 

(Limpru'ht, Armalcn 03, 238) ; the ammonium Acetone yields substitution derivatives when 
salt C\,H 30 ,Nrl 4 HS 03 orystalUscs in laminse acted upon with chlorine or bromine (Bischoff, 
(Siadelcr, Annalen, 111, 307). The barium Ber. 6, 863, 963 ; 8, 1329). The folio w'ingderiva- 
salt has formula 2 Cjlf 40 ,Ba(S 0 sII).,Ha 0 (Fa- j tives have been obtained: — ^Monoohloracetone 
gard, J. Pharm. Chim. 1895,2, 146). These salts ! (Henry, Ber. 5, 190; Mulder, Ber. 6, 1009; Bar- 
yield aoetone when heated with aqueous potash, baglia, Ber. 7, 467 ; Linnemann, Annalen, 134, 
Calcium chloride combines with acetone to form 171 ; Koenigs and Wagstaffe, Ber. 26, 554 ; 
CaCl|, 203 H 40 and CaClg, Call 40 (Bagster, Chem. Wislicenus, Kirobeisen and Saltier, tbid. 26, 
Soo. Trans. 1017, 111, 494).— 2. Compounds 908; Fritwh, t6id. 26, 697; Tcherniac, Ber. 
with chloroform (Willgerudt, Ber. 14, 2451 ; 25, 2629 : Kling, Bull. Soo. chim. [3] 3.3, 322) ; 
15, 2308 ; Cameron and Holly, Chem. Zentr. unsymmetrioal dichloracetone (Fittig, Annalen, 
1808, ii. 277; Jocitsoh, ibid, 1899, i. 606; 110, 40; Borsche and Fittig, Annalen, 133, 
Willgerodt and Diirr, J. pr. Chem. 148, 283). 112- Erlenbach, Annalen, 269, 46; Tohemiao, 
—3. Compounds unth hydrogen cyanide (Ureoh, f.c.; Fritach, /.c, ; McIntosh, Chem. Soc. Trans. 
Aimalen, 164, 266): — Aoetone yields acetone- 1905, 790); symmotncal dichloracetone (Barba- 
oyanhydrol C 4 HyNO, b.p. 120", when added to glia, f.c. ; bVitech, f.c.); tricbloraoetone (Bisohoff, 
anhydrous hydroeen cyanide; and diacetone- I.C.; Kraemer, Ber. 7, 252; Perrier and Frost, 
oyanhydrol CyH.jWOi, a crystalline substance, Compt. rend. 140, 146 ; Hantzsch, Ber. 21, 242): 
when treated witn a 25 p. 0 . solution (aqueous) of tctrachloracetone (Bischoff, Levy, Witte and 
hydrogpnoyanide(TiemannandFriedland6r,te. ('iirchod, Annalen, 252, 330, 254, 83; Levy 
a 4, 1065); with 3*3 p.c. hydrogen cyanidoacetone- and Jedlicka, Ber. 21, 318); and penteclilor- 
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aoetone (Clofiz, Bull. Soo. ohim. f21 638;, 

Fritaoh, Annalen, 279, 310 and f.c . ; I^vy ; 
and Jedlioka, l,c,). PenUchloroacetono treated I 
with phosphorus Mutachlonde vields Jb<hepta- 
chloR>propane C«Cl|o, a orystalUne substance, i 
m.p. 32'^ ; also obtained by the direct addition 
of ohloroform to tetraqliloroothylelo under |tho I 
influence of aluminium chloride (Roesoken and 
Prins, Proo. K. Akad. Wetensoh. Amsterdam, 
1911, 13, 686). The corrospondlHg bromo- 
dcrivatives, with Ihc exception of tribromace- 
tono, are obtained by the direct action of 
bromine upon acetone (Mulder, J. 1864. 330; 
McIntosh, l,c , ; Lapworth, Chem. Soc. 'IVans. 
1904, 33), also by other methods (lljelt and 
JSiven, Ber.* 21, ^2S8 ; Norton and Wisteiihoff, 
Amer. Chen^. J. 10, 213 ; Uartzsch, f.c.). Other 
halogen dOTivatives (J. Soc. Ohem. Ind. 16, 
933 ; Hantzsoh, l.c. and Ber. 22, 1238) and the 
oomuounds of acetone with the halogen aci<is 
(Archibald and McIntosh, Chem. tSoc. Trans. 
1904, 924) liavc been do.s( nbed. 

Acetone fornu a larije iniiiiber of condensa- 
tion products and derivatives with other organic 
compounds: Cyanacetones (llantzsch, Bor. 23, 
147^, Tche niac, Ber. 26, 2607, 2621 ; Kowppa, 
Ber. 33, 3530). Acetone dioxalio ester ohtained 
by the action of sodium ethylato on a mixture 
of acetone and oxalio ester is converted when 
treated with sodium ethoxide to a dicnolic 
substance forming lomon-ycllow needles, 

98*, and d3’cing wool in alcoholic solution 
It is theBrst nitrogen free dve stuff of the fatty 
series yet obtained (Willstatter and PummertT, 
Ber. 37, 3733). PseudocycfocitrnlKiene acetoin* 
and its bomologncs have an odour of violet «•, 
and are suitable for use in perfumes (J. 

Chem. Ind. 21, 2'M>). 

For acetone dicarhoxylic acid and its deriva- 
tives, see Oriiicrod, (yhern. Soo. Proc. 1900, 205, 
Denigbs, Compt. rend. 128, 080; Lippinnim, 
Ber. 41, 3981 ; for acetonyl aeetoiio aixl its j 
derivatives, ete Knorr, Ber. 22, 108, 2100; 

Claiscn and Ehrhardt, Bur. 22, 1009 ; Ziiieko 
and Kegel, Ber. 23, 230 ; Claisen, Ber. 25, 
3164; the azo- (Bulow and Schlolti rbeck. Her. 
35, 2187) and diazo- derivatives oi acetonyl 
acetone, have d^'eing properties (Fauicl, Compt. 
rend. 128, 318). 


studied bj* Combes ^mpt. rend. 108. 1252; 
Behai and Auger, Compt. rend. 109. 970 ; 
Claisen and Stylos. Bor. 21. 141); derivatives of 
triaoetone l^Welnschenk (Ber. 34, 2185). 

ACBTOICBOHLOROFORM, aaa-/rirMor- 8-A,V' 
dratj/-0-tneihi/lpro^ne {Ohloretone) (CHa)^ *(^(011 ) ■ 
(XJl,, prepared by slowly aihling powden*d 
pot^ium hydroxide (3 parts) to a cooloil 
mixture of acetone (5 parts) and chloroform 
(I part) (Willgorotlt, J. pr. Chom. [2] 37. 361) is 
a white crvstailine oornpound, b.p. 107*, molt- 
ing near but above 97*; it has a oamnhor- 
liko oilour, is soluble in hot, sparingly solublo 
in cold watiT, and crystallises well from other, 
alcohol, aectio nokl, acetone, or chloroform ; it 
forms no definite hydrate, but the system aoetone- 
chloroforin/w'ater presents* a qua<iruplo point 
for the solid, two solutions and the vapour at 76‘2* 
(Oimeroii and llollv, J. Phys. Chem. 1898, 2, 
322). M'he nc(tnte ■(lMr.,)a-C(OAc) CCl, boils at 
191*. The benzoate (CU,)g-C(OB7.).(JCl3 boils at 
282* (Willgcrodt and Diirr, J. pr. Chom. [2J 39, 
283). Acetoncchloroforin is reduced by zinc-dust 
and alcohol, forming dichloroisobutylone, iso- 
crot \ Ichloride.and isobutylene (Jocitsoh, J. Russ. 
PI13S Clicin. Soc. 1808, 30, 920) ; and is doconi- 
po.sed by water at 180*, yielding hytlrogcii 
! chloride and hvdroxyisohutyrio acid (WiilgcnKlt, 

I Ber. 1882, 15, 2305). By the action of benzene 
I in presence of nlnininiuin chloride the chlorine 
; iitoins of acotonechloroform are roplaoeti wholly 
' or in part by phenyl resiilues, and the comnounua 
' diphenykhUfrometfu/l dintrlbyl carhinol CPhgOl* 
(/Moj'OIl !).T). ; phrnuldiehloromtifn/l dimethyl 

earhinol CPnCl,‘CMo.*01l b.p. 217®; and tri* 

I phenylmeihyl dmethyi carbine (.Tb.,-CMO|-OII 
b.p. 200®, have been ore pared, and similar 
I compounds are obtained using toluene or p- 
xylene (Willgcrodt, J, pr. Chem. [2] 37, 361). 

Acetoncchloroforin is a powerful gennicicle, a 
satisfactory surgical dressing, and hypnotic foi 
internal use (Aldrich and Houghton, Amor. 
J. Physiol. 1900, 3, 20); it is used as a 
spuuiliu foi sca-MU’kiin*rts (Merck. Ann. Rcjiorl, 
1907, I ), forming tlio ciiief ingredient of “ Zotos,” 
and a 1 2 i) c. solution is usi d under the namo 
of nnej»in for producing local anoisihesia (f'ohti, 
Pbiirm Zentr. 11. 40, 33). 

ACETONEDICARBOXYLIO AClDcKuTOirBS. 


Acetone, with diazobenzene chloride in the ACETONE OIL ia the oily roaidue remaining 
presenceof alkali, yichls a compound C|5lft40N2 after the separation of acetone from the products 
m.p. 134®-135®, whieh has dyeing properties 0/ the dry distillation of calcium acetate. It 
( Bamberger and Wulz, Ber. 24, 2793). For other can also bo prepared by the dry distillation of 
condensation products compare Boessneck, Ber. the lime salts obtained by neutralising lloeco 
21, 1906; Pechmanii and Wehsarg, 2989, washings with milk of lime. About 15 Ctrea of 
2094; Franke and Kohn, Monatsh. 19, 364; the oil are obtained from a cu bio metre of fleece 
20, 876; Spier, Ber. 28, 2531; Perkin and washings of 11®B. It ia a slightly -coloured 
Thorpe, Chem. Soc. Trans. 1896, 1482 ; WeideJ, liquid of ap.gr. 0 835, having a penetrating 
Monatsh. 17, 401; Micko, ibid. 442; Stohbc smell and acrid burning taste. It oonsiata mainly 
Ber. 28, 1122; Comclson and Kostanecki, Ber. of methyl ethyl ketone (A. and P, Buisiiio, 
29, 24u; Claisen, tbid. 2931; Rbhmer, Ber. 31, M^ompt. rend. 126, 351; 128, 561). According 
281; Pfiizinger, J. pr. Chem. 164, 283; Freer, to Duchemin (Bull. Soo. chim. [3] 21, 798) acetone 
Amer. Chem. J. 17, 1 ; Barbier and Bouveault, oil is of very variable composition, depending 
Compt. rend. 118, 198; Haller and March, upon the nature of the pyrolignate from which it 
Compt. rend. 130, 99; Straus, Ber. 37, 3293, is prepared. A French Commission reported that 
Harries and Ferrari, Ber. 36, 656 ; Ulpiani it was eHeotive as a denaturant of alcohol and 
and Bemardini, Atti U. Accad. Lined, 1004, it was adopted for this purpose by the Swiss 
13, 331 ; Pcchmann and Sidgwick, Ber, 37, Government in 1895. 

3816 ; Ihintwitz, Monatsh. 27, 773 : Knoeve- For details of mode of manufacture from wool 

nagel, Ber. 39, 3451, 3457 ; Purdie, Chem. Soc. washings, v, Buisino (J. Soo. Chim. Ind. 18, 
Trans. 1006, 1200; Richard, Compt. rend. 146, 292 ; 21, 164); P. Baechltn, (Rev. Cbim. Ind. 9, 
129. Diaoetones and their derivatives have been 112; 15, 240). 
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ACETONIC ACID, v, Hydbuxybutyric 

ACID. 

ACETOPHENONE. Phenyl methyl keio^ 
Hypnone CfHg'CO'GHs* is obtained by acting 
with benzoyl chloride on zinc methyl; by 
distilling a mixture of the calcium salts of 
benzoic and acetic acids; or by boiling together 
benzene and acetyl chloride with tduminium 
chloride. It can to isolated from the fraction 
of heavy oil of coal tar boiling at 160®“190*' 
by addition of sulphuric acid, distilling the 
solution in steam and converting the distillate 
into ' the p-bromophenylhydrazono derivative 
of acetophenone (WoisRgcrber, Ber. 36, 764). 
it is best obtained synthetically by adding 
small quantities of sublimed ferric chloride 
(7 parts) to a mixture of benzene (6 parts) and 
acetyl chloride (7 parts) dduted with carbon 
disulphide. The mixture is then warmed on the 
water-bath, dried and fractionated (Nencki and 
Stoeber, Ber. 30, 1768). 

Acetophenone crystallises in large plates, m.p. 
20*5*; b.p. 202*. It possesses a persistent 
odour of oil of bitter almonds and cherry laurel 
water ; is insoluble in water, but dissolves easily 
in alcohol, ether, chloroform, or benzene. 
It is readily oxidised by potassium perman- 

S anato to phenylglyoxylio acid (Gliicksmann, 
lonatsh. 11, 246). By the action of ammonia on 
an alcoholic solution of acetophononer, the aceto- 
phenone ammonia is formed CMePh(N : CMcPh) 2 , 
m.p. 116* ('riiumac. Arch. Pharm. 244. 643) {v. 
Ketonbs). 

Acetophenone forms a large number of deriva- 
tives and condensation products with aldehydes, 
halogois, acids, mercury salts, Ac. B^ the| 
action of hydrogen m presence of finely divided 
nickel it may bo converted into phenyl meth}*! 
carbinol. 

Acetophenono was discovered by Bujnrdin- 
Beaumetz and Bardot to possess powerful 
soporific prowrtics (Compt. rend. 101, 060; 
Karmonsky, Lies. M^. (hi. Acad. St. Peters* 
burg, 1888-1880, No. 70). In quantities of 0*06 
to 0*16 gram, it induces a quiet sleep, but is 
said to impart a disagreeable odour to the 
breath (Pharm. J. 1886, 682). 

AminoaccJophfnone (Camps, Arch. Pharm. 
40, 15), b.p. 250*-262*; 136717 mm., has 
anesthetic properties, which are not diminished 
by condonsmg it with aldehydes containing a 
phonolio hydroxyl, but are destroyed when it is 
condensed with bcnzaldchyde, tolualdchyde, 
or cinnamaldchydo (Hildebrandt, Chem. Zentr. 
1905, ii. 602 ; Scholz and Uuber, Ber. 37, 300 ; 
Schafer, Ber. 30, 2181). 

p- Amino acetophenone v. Ketones. 
Acetophenonephenetidentf m.p. 88*, an anti- 
pyretic substance, can be obtained by heating 
molecular proportions of acetophenone and p- 
phenetidene tn vocud, then distilling in vacud at 
210*-212* (Valentiner, J. Chem. Soc. Tnd. 15, 
50; 17,602). 

^-ACET0•PR0PI0NIC ACID. LfWidic acid 

CH,(X)C!H,CH,CO*H. 

This substance U formed by the action of dilute 
acids on a number of carbohydrates— e.gr. levu- 
lose, inulin, galactose. It is also a product of 
oxidation of the terpeue alcohols, but is best 
p'^parod by heatiim on the water-bath oane 
sugar with dilute fiydroohiorio acid (4 vok. 


water, 1 vol. cone, acid) until a brown flocoulent 
mreoimtate is no lonm formed. (Clompare Tol- 
tens, Mr. 17, 668; Wehmer^a. ToUsns, Annalen, 
243, 21«.) The Bltezed liquid is then evaporated 
on the water-batb extracted several times with 
ether, and ,after distilling off the ether the 
residue is fi^tionated ‘ i a vacuum. 

It can be obtained by the hydrolysis of various 
nucleic acids (Kossel and Neumann, Zeitsch. 
physiol. Cuem. 27, 2215; Inouye, ibid. 42, 117; 
Levene, ibid. 43, 119). For other methods iff 
preparation, compare Tiemann and Semmler 
(Ber. 28, 2120); Verioy (Bull. Soo. ohim. [3] 
17, 190); Erlenmoyer (J. pr. Chem. 179, 382); 
Blaise (Bull. Soc. chiro. [3J 21, 647). 

LsBvulio acid crystallises in plates which 
meltat 33*. It bf Is at 239*, 148®-H9* /15 mm. 
(Michael, J. pr. Chem. 152, 113), and has at 
15* a sp.gr. 1*135. It is very soluble in water, 
alcohol, or ether, and is not attacked by 
bromine in the cold. Nitric acid converts it 
into carbon dioxide, acetic acid, succinic and 
I oxalic acids. Iodine and sodium hydroxide form 
I iodoform even in the cold. Hydriodio acid and 
i phosphorus at 200* convert it into normal valeric 
acid ; whereas soilium amalgam forms soaium 
7 -h} droxy valerate acid in an alcoholic solution, 
and normal valeric acid in an acid solution. 

I When added to boiling iodic acid solution diiodo- 
acctoacrylic acid is formeil (Angeli and Chiassi, 
Ber. 25, 2205). When placed over sulphuric 
acid in a vacuum it decomposes, leaving a 
residue of dihydroxyvaleric acid (Berthelot and 
Andr<^, Compt. rend. 123, 341). 

The mercury 8altHg(CI^H,0|)t, which crystal- 
lises in silvery plates, brcalm up on treatment 
with sodium hydroxide, forming the two mer- 
curilaovulio acids C-H^OsHg and Hg.. 

Lasvulio acid readily condenses with ^nzil 
(Japp and Murray, Chom. Soc. Proc. 1896, 146), 
ancf with aldehydes (Meingast, Monatsh. 26, 265). 
It forms a semi-carbazone, m.p. 187* (Blaise, 
I.C.). The ethyl ester when treated with ethyl 
magnesium bromide yields a lactone, b.p. 
105'^~106*/18 mm. (Grignard, Compt. rend. 135, 
627). Halogen substitution derivatives of !»• 
vulio acid have also been obtained (Wolff, Ber. 
26, 2216; Wolff and Rudel, Annalen, 294, 192; 
Conrad and Schmidt, Annalen, 285, 203). 

The substance is employed on a manufac- 
turing scale as a mordant instead of acetic acid, 
as it possesses the advantage of not being volatile 
with steam. 

It is also used in the preparation of the anti- 
pyretic anUthermin. Phenylhydrazine is dis- 
solved in dilute acetic acid, and on adding a 
solution of Iwvulio acid a yellow precipitate is 
formed, which is purified by reciystallisation 
from alcohol (Pharm, J. [3] xvii. 801) (v. Anti- 
thermic). 

ACETOPURPURINE v. Azo- golottbutg 

MATTERS. 

ACETOPYRINE ot ACOPYRINE. A com- 
bination of pbenvl-dimethy] pyrazolone (anti- 
pyrine) and acetyl salicylic acid. 

ACET06AL or ACETYSAL. 8yn. for acetyl 
salicylic acid. 

ACETO-p-TOLUIDlDE is obtained by the 
action of acetic acid upon tdaidine. Mdts at 
163* and boils at 307*. 

ACETOEOME* Mixtnn of aoetylbensoyl 
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peroxide kieselgulir, used 

M ED antiseptic. 

ACETPM WETIDENE p. Phwaort.V. 

AOKTYLCHOLINE v. Eftapr, Muscarine. 
ACETYL-l NAPHTHYIiAjftlNE-S SULPHO i 
HIO ACID is prepared by boiling x mixtur> of 
5 parts of l<nAphthylamino-5>i«ulphonic Aoid» 
glaoi'l acotio (uda, acetic anhydride and sodium 
acetate under a reflux condenser un«'l a sample 
cannot be diazoiised. The mixture is then 
heated so long as acetic acid and acetic anhydride 
distil over. 

ACETYL 1 : 4 NAPHTHYLENEDIAMINE-6 • 
SULPHONIC ACID is obtained by addiiu { mono- 
acetyl 1 : 4 naphthylenediamine sulphate to 
fuming 8ul*'hurio acid contrming 20 p.o. SOjt, 
warming to 40‘’-50^ and pouring into ice-cold 
water. Or a mixture of l-naphthylamino-fl and 
7 - sulphonio acids (("levo’s Acids) may be 
aoetylated with glacial acetic acid, distilling off 
the excess of acetic acid, dissolving the produdt 
in sulphuric acid and adding a cooled mixture of 
nitric and sulphuric acids. The mixture is 
diluted with cold water and the sodium salts 
of^tnh mcro-acids precipitated by adding 
common salt. The mixture of the nitro-acicbi 
is reduced by iron filings and acetic acid, made 
alkaline by sodium carbonate, filtered hot, 
slightly acidified and the 1 : 4-naphthyleno- 
diamine-O-sulphonic acid precipitated. This 
is acetylatcd by boiling with a mixture of 
acetio acid and sodium acetate (Tjovinstein, 
Eng. Pat. 12119 (1898); CassellaandCo. D.R.P. 
116922). Used in making Oiaminogen blues. 
(GaiHf ‘ intermediato Products for Dyes.*) 
Cf , Naputiialkne. 

ACETYL • p • PHENYLENEDIAMINE {j> * 
amino acetanilide) 

NHa<^2^NHCOCH, 

is prepared by reducing p-nitroocotaniUdo with 
iron filings and acetio acid at 60'", rendering Uic 
solution alkaline with sodium carbonate and 
adding common salt and hydrochloric acid 
when the hydrochloride of acetyl-p-phenylcnc ] 
diamine crystallises out (Grandmougin, Rev. ;• 

§ rod. chim. 1917, 20,260). Acetyl-p-^cnylene- 
iamine melts at 162*5'". 

ACOTYLENB CaHg is the first member of 
the series of unsaturatra aliphatic hydrocarbons . 
to which it gives its name, and having the 
general formula : CnHm . a. This formula also ] 
applies to the dialkylenes the difference being \ 
that members of the acetylene series are 
characterised by the presence of one triple , 
linkage whilst the dmlkylcnes possess two 
double linkages : — i 

CH:CH CHiCCH, CH,*C:C*(;H, i 

Acetyleue Propine (03114) Butiue (C4H4) 
(OsHt). (or Methyl acetylene (Dimethyl acetylene ] 
or AUylene). or Grotonylene.) 

and CH,C:CH, CH, : CH-CH : CH, , 
Propadlene (C3H4). Butadiene (C4V4}. ^ 

The dialkylenes will not therefore be considered 1 
in ibis section. {See Synthetic Rubber, Iso- ( 
PHENE, Butadiene.) 

Nomenclature . — ^According to the Geneva 1 
qrstem ace^lene is to be termed Ethine, the | 
ending -ine being the systematic termination for i 
nembm of the aeetylim series, thus : propine, i ( 


butine, etc. In praotioe, however, the original 
name acetylene is always need as being well 
established and unlikely to cause oonnision. 
With the exception of allylene C 4 H 4 , and cro- 
tonylene C 4 H 4 , higher members of the series are 
usually namra as substituted aoetylanee, 
methyi-acotvlenc, dimcthyl-aoetyleno, isopropyl- 
acetylene, phenyl-aoetylene, &o. 

historical . — Acetylene was first observed by 
Edmund Davy as a gas produced on treating ' 
with water the impure residues obtained in the 
preparation of potassium (Hrit. Assjc. Rep. 
1836, p. 02 : Annalcn, 23, 144). The flrsb sys- 
tematic examinatiun of the gas was motle by 
Bcrtholot (Compt. rend 54, 640 ; Annalen, 123, 
212; Ann. (’him. Phys 17)23,444; [ 8 | 6 , 182). 
who examined (ho conipogition and properties 
of acetylene and showed its prcKiuction in many 
pyrochenncal ))ruce 8 sos. 

Of particular interest to tlie technicnl 
chemist is the diseovery by Wohler, in 1862 
(Annalcn. 124, 220), tint a otyPnn is pio<lu(cd 
by treating ealoinm earbide with water, a 
discovery that served thirty years later as the 
starting point for the whole acetylene industry 
when it was shown by Willson, in 1802, that 
eahuum carbide could be produced on a largo 
scale and m fairly pure condition in the electrio 
furnace. P(»r more than a decade after the 
iiitrodiiction of (calcium carbide on a comniorcial 
I scale, tlie chief inU'rest in the subject lav in the 
direction of the utilisation of the gas for illu- 
minating purpom'H, as it was widely boliovod that 
the pure white light of acetylene, and its con- 
venience of nmnufactiin) in small quantities, 
would soon cause it to oust coal-gas from the 
field to a groat extent. This cxpcofatioii has 
not Ix'cn fitlfilled, though acetylene continues 
to bo of great use for various purposes such as 
flares, &c. The next stage was tno use of the 
oxy-acotylene flame for the ' autogenous 
welding ^ of iron, an industry that to-day 
utilises a considerable amount of the gas. In 
the flrst decade of the present century attempts 
were made to offoct the chemical utilisation of 
acetylene in various ways, chiefly by the addition 
of chlorine and the formation of various chlorine 
derivatives of different boiling-points which are 
suitable as solvents for many purposes and 
servo to replace inflammable matoriaiH such as 
benzene, gasoline, and so on, for dry-cleaning, 
fat-cxtraction, Ac. On thes^} lines much useful 
work has been done in this country by Tomp- 
kins, and by the Clayton Aniline Company, and 
abroad by the Chemisoho Fabrik Griesheim- 
Eloktron, and the Uonsortium fiir elcktro- 
chcroischo Industrie G.m.b.H. Lastly, since 
1910, it has been found possible to produce 
acetaldehyde direct from acetylene on a technical 
scale by the use of mercury salts as catalysts, 
with the result that progress in this field has 
been remarkably rapid, and the production of 
such diverse substances as alcohol, acetic acid, 
acetic anhydride, and acetone from acetylene 
on a commercial scale is already an accomplished 
fact which may have vast economic consequences, 
(^ee Acetaldehyde.) 

Production. — (1) By the direct union of 
carbon and hydrogen in the electric arc 

2C+H* » C 3 H, 

(Bcrthalot, Compt. rend. 54, 640 ; Annalen, 
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212 ; Ann. Chim. Phvs. [7] 23. 444 ; [8J 8, 182 ; 
Bone and Jerdan. Ohem. Soc. Trans. 71, 41 ; 
70, 1042 ; Pring and Hutton. Ohem. Soc. Trans. 
80. 1600; V. Wartenberg. Zeitsch. angew. 
Ohem. 52. 310.) 

(2) From ethylene dibromide or dichloride by 
the action of alcoholic potash, with the inter- 
mediate formation of vinyl chloride or bromide : 

CH,Br CHaBr-HBr - CH, : CHBr 
CH. : CHBr-HBr - CHi CH 

(Sawitsch. Compt. rend. 52. 167 ; Miosnikow, 
Annalon. 118, 330; de Wilde, Ber. 7, 352; 
Sabanejew, Annalen, 178. 109 ; Zeisel, Annalcn. 
191. 368 ; de Forcrand. Compt. rend. 104. 007 ; 
Mouneyrat. Bull. Soc. chim. [3] 19. 184 ; 
Meunier and Dcspsnnent, Compt. rend. 144, 
273 ; Bull. Soc. chim. [4] 1. 342. 

(3) By treating various halogen compounds 
with metals, e.g. by treating tetrachlorothane 
with metallic /ino : 


CHCla CHCl,-! 2Zn = CH iCH-f 2ZnCla 


(Sabanejew. Annalen. 216. 252), or by the 
action of silver, copjKJr. or zinc dust on iodo- 
form. or by the action of the coppcr-zinc couple 
on bromoform (Cazeneuve,* Compt. rend. 97, 
1871 ; 113, 1054). 

(4) By cleclrodysta of unsaiuraled carboxylic 
acids, such as ftimaric or maleic acid : 


CH COOH 
II 

CHCOOH 


CH 

= ||^+2CO.+U, 


(Anode) (Kathode) 
(Kekuld, Annalen, 131. 85). 

(5) From acetylene mono- or dx-carhoxylic 
acids : 


Ca(COOH), == CaHa+2COa 


(Lessen, Annalon. 272, 140). (Cj/., however, 
Vanzetti and Fasoli, Cazz. chim. ital. 46. i. 40.) 

(6) From propargyl aldehyde by the action 
of alkali : 


CHjC CHO-fNaOH - ClIiCH-f-H COONa 
(Claisen, Ber. 31, 1023). 

(7) By decomposition of various complex 
organic substances : e,g. brom-cyclo butene 
(r/. Knorr and Matthes, Ber. 32, 740; Will- 
Htutter and v. Schmaedel, Ber. 38, 1094 ; 
Cabriel, Ber. 38. 2405.) 

(8) From copper acetylide by the action of 
aqueous potassium cyanide (Baoyer. Ber. 18, 
2273; cf. also Zeisel, Annalen, 101, 368; 
Romer. Annalen. 233, 182 ; Noyes and Tucker. 
Amer. Chom. J. 19, 123). This method is 
stated to yield extremely pure acetylene : if 
hydrochloric acid be used instead of potassium 
Dyanide, the gas is not so pure and possibly 
sontains traces of vinyl chlonde. 

(0) By the action oj water on calcium carbide : 


CaGa+Hj,0:^Ca(OH),-fCjH, 
Strontium and barium carbides act similarly. 
IWohler, Annalen, 124, 220; Travers, Chcin. 
Soc. Proc. 1893, 16 ; Maquenne, Compt. rend. 
116, 568 ; Moissan, Bull. Soc. chim. [31 U, 1007 ; 
Lewes, J. Soc. Ohem. lud. 16, 33 ; Clowes, ibid, 
209, 310 ; Wilson, ibid, 15, 103 ; Lupke, 
Blektr. Chem. ZeiL 1895, 145 ; Wyatt, J. Soc. 
I!hem. Ind. 14, 135, 796 ; 20, 109 ; Bamberger, 
S(:t8ch. angew. Chem. 1898, 720). This is by 


far the most convenient and practicable method 
for the production of acetylene, and is in\ anably 
used for the commercial production of the gas. 

A omvenient laboratory method for the 
production of acetylene is to cover calcium 
carbide with absolute alcohol and to add water 
dro ) by d 3p (Matthews, J. Amer. Chem. 
SocT 22, 106). 

For the technical production of acetylene 
and its UPC as an illummant, see Acetylene — 
Commercial Applications. 

Details as to the British Patents dealing 
with the subject will be found in the Patent 
Oftice Abridgement Lists, Class 2. (1855-1909) 
and Class 2(1) (1010 -1915). 

Acetylene is produced in the incomplete 
combustion of vanous gases such as coal-gas, 
for instance, when a Bunsen buniei * str^es 
back.* The view, however, that the accompany- 
ing un])Ieasant odour is due to the acetylene is 
incorrect. (Cf, Moyer and Jacobson, Lchrbuoh 
der organ. Chemio. 2nd edn., 1. 1, p. 853, note 2.) 

It is also produced by passing methane or 
natural gas through incandescent carbon 
(Knapp, IJ.S. Pat. 1023783). 

The chief objection to acetylei •* pr \ jed 
from calcium carbide is the fact that the various 
impurities present in the carbide, such as calcium 
sulphide, phosphide, etc., evolve the corre- 
sponding hydrides on treatment with water, so 
causing the acetylene produced to be contami- 
nated with various small amounts of gases such 
as ammonia, phosphine, sulphuretted hydrogen, 
arsine, in addition to other hydrocarbons, 
carbon monoxide, hydrogen, nitrogen and 
oxygen. 

Phosphine is probably the most serious 
impurity from the chemical as well as the 
physiological pomt of view. 

A method of produemg odourless acetylene 
has been patented by S. Jde (Jap. Pat. 30209. 
1916), consisting iii carbonising calcareous 
materials which contain phosphorus, sulphur, 
etc., as impurities, in the electric furnace, 
spraying with water, whereby the impurities 
I escape in gaseous form, and then using the pure 
I lime so produced for the manufacture of caroide 
in the usual way ; this method would, however, 
probably be too costly to be of much use, and m 
practice the crude acetylene can bo satisfactorily 
cleared of all its active impurities by suitable 
purification such as scrubbing with various 
liquids — ^for instance, acidified cop^ier sulphate 
solution, chromic acid in acetic or sulphuric acid 
—or with lime, load or mercury salts, bleaching 
powder, etc. 

(Clowes, J. Soc. Chem. Ind. 16, 209, 319; 
Lonstroem, Chem. Zeit. 23, 180 ; Berge and 
Reychler, Bull. Soc. chim. [3] 17, 218 ; Gottig, 
Ber. 32, 1879 ; Rossel and Landrisset, Zeitsch. 
angew. Chem. 1901, 77 ; Caro, J. Soc. Chem. 
Ind. 22, 17 ; 23, 16 ; Ullmann and Goldberg, 
Chem, Zentr. 1899, ii. 19 ; Pfeifer, J. f. Gasbm, 
44, 548 ; Jaubert, J. Soc. Chem. Ind. 24, 1 16 ; 
Willgerodt, Ber. 28, 2107 ; Hoffmeister, Zeitsch. 
anorg. Chem. 48, 137 ; Matthews, J. Amer. 
Chem. Soo. 22, 106; Ditz, D.R.P. 162324; 
Lunge and Cedercreutr, Zeitsch. «ngew. Chem. 
1897, 651 ; J. Soc. Chem. Ind. 16, 37 ; 24, 1294 ; 
27, 798; Wolff, J. f. Gasbel. 1898, 41, 683. 
Full details regarding British Patents dealing 
with thh ^ purification of acetylene may ue 
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found in the Patent Office * Fifty Year Subject 
Index. 1860-1910/ Class 2 (i).) 

Proferittn , — ^Acetylene is a colourless gas 
having, in a pure state, a pleasant ^cthei^ 
odour (Grehaut. Berthelot and Moissan, 
Oompt. rend. 121, 664), Vilhich is, however, 
usually disjguised by -,the presex 3e of f 'tid 
smellii^ impurities (Zoisd, Annalon, 191, 
368 ; Bdmor| Armalen, 233, 182 ,* Noyes and 
Ticker, Amer. Ghem. Jour. 10, 123). It 
solidifies in liquii air to a crvstallino mass 
which can be burnt like a caudle (Laden burg, 
Ber. 31, 1968). At the ordinary pressure its 
melting-point ( — 8P) is higher than its boiling 
point ( — 82*4®) (Ladenburg and Kriigel, Bor. 32, 
1821 ; 33, 638 , Hunter, Ohciii. Zontr. 1006, ii 
485). McIntosh and Maasp give the melting 
point as —81*6®, sublimation point — 83’6®, and 
boilmg point 88*6® (J. Phys. Chom. 11,306; 
J. Amer. Chem. Soo. 30, 737); -84*0® Burrell 
and Robertson. Its critical temperature im 
37*06® (Ansdell, Proo. Roy. Soo. 20, 200 ; 
Heilbrunn, Zoitsch. physical. Chem. 7, 604) or 
36*6° (McIntosh, tb%d.) ; its critical pressuio 
67-68 atm. (I^educ, Ann. ('him. Phys. [7| 16. 
87; w* 61 *6 dtm. (McInto.sh, t7;iJ.)and its eritual 
volume 83 c.c. (McIntosh, ibid.). Cardusa and 
Baumo give the critical temperature as 35*5® 
and the critical pressure as 61*6 atm. (Compt 
rend. 161, 141), For other physical constants 
of solid and liquid acotylono, seo McIntosh, 
ibid. 

Liquid acetylene is a mobile fluid of sp.gr. 
0*461 at 0® C. (Caillotet, Compt. rend. 86, 861 ; 
Ansdell, Jahresbericht d. Chem. 1879, 68) or 
0*73 at —75® (McIntosh, xhid.). It has a high 
eleotrical resistance which is not ajipreoiably 
altered by the addition of alcohol, ether, halogen 
hydride, etc. (McIntosh, ibid.). 

Acetylene is readily soluble in many organic 
solvents ; thus at 18° cliloroforin anti benzene 
absorb about four times their volume, acetic 
acid and alcohol about six times their volume 
(Berthelot, Ann. (’him. Phys. [4] 9,425 ; Carelli 
and Falciola, Atti d. llcalo Accad. dci Lincei 
[5] 13, i. 1 10). It is extremely soluble in acetone 
(Claude and Hess, Compt. rend. 124. 626 ; 
Claude, Compt. rend. 128, 303) which absorbs 
twenty-live times its volume of the gas at 
16® C. and 760 mm., and under 12 atm takes up 
300 volumes, whil.st at —80® it absorbs more 
than 2000 volumes acetylene, which would 
seem to point to acetone and liquid acetylene 
being miscible in all proportions. According 
to McIntosh (^upra)t crystalline compound.s 
are formed. This property of acetone is of 
rcat technical importance in the storage of 
issolved acetylene for illuminating purposes. 
(See Aobtylkne — Commebcial Applications.) 

( Berthelot and Vieille, Compt. rend. 123, 623 ; 
124, 966, 988, 996, 1000 ; Wolff, Zeitsch. angew. 
Chem. 1898, 919 ; Caro, J. Soc. Chem. Ind. 25, 
1138.) 

In water the gas is sparingly soluble, about 
1 p.c. by volume at 12® and 766 mm. beiim 
taken up; it forms a hydrate CiH, {-6HtO 
(Villard, Compt. rend. 120, 1262). The solu- 
bility is lowered by the addition of salt (Claude 
and Hess, v.«.). Acetaldehyde has also been 
su^ested as a solvent or diluent for aceWlene 
as it dissolves half its weight of the gas (James 
and Watson, U.S. Pat. 928867 ; James, J. 
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Ind, Kiig. Chem. 6, 115), the solvent ^wor of 
organic solvents appeanng in goners to be 
assooiated witli the presence of a carbonyl 
group and low moleoular weight. 

Acetylene is an endothermic compound, 
being formed from its elements with an absorp. 
tion of approximately 60 (''als. As a conse- 
quence both the gas and tlio liquid ai-e liiglily 
explosive, particularly under pressure, for 
which reason solvents are used for storage^as^ 
noted above. (C7/. Maqueiuic, (?ompt. rend. 121, 
424; Bcrtliolot and Vieille, Compt. rend. 123, 
623 ; 124, 988, 996, 1000; 128, 777 ; Ann. Chim. 
Phys. 11, 5; 17, 303 ; Claude, ('!ompt. rond^ 128, 
303 ; Bortlielot and Lo (’hatolicr, ('ompt. rend.< 
129, 427; Ann. ('Jiim. Phys. 20, 15; Mixter, 
Chem. Zentr. 1900, 1, 504 ; ii. 1007 ; CJhem. 
Ind. 20, 63). 

The molecular heat of combustion is 312*9 
Calories at constant nressuro. (For other 
thermal jirojierties soo also Berthelot, Compt, 
■xend. 82, 24 ; Ann. Cliiin. Phys. [5] 9, 165 ; 13, 
14; 23, 180; Berthelot and Matignon, Ann. 
(’him. Phys. [6] 30, 660; Maneuvrier and 
Pournicr, (Joinpt. rend. 124, 183; Mixter, Chem. 
Zentr. 1901, li. 1250; 1906, ii. 98; 1906, ii. 
414 ; ThoniHon, Zgitsoh. physical. Chem. 52, 
346). 

Acetylene when pure has no action on metals 
(Clowes, J. Soo. Chom. Ind. 16, 100 ; Moissan, 
Compt. rend. 124, 666), but ordinary acetylene 
rcaduy attacks copper owing to the pn^ence of 
impurities which facilitatt) the formation of 
explosive copper acotylido (Scheiber and 
Roeklobon, (!!hcm. Zeit. 39, 42 ; 40, 325). 
Nickel and tin in paiticular are little attacked 
by acetylene, and it is suggested by Scheiber and 
liocklobcn tJmt metals exposed to the action of 
acetylene should be coated with one of these 
metals. It is noii-poisonous in small quantities, 
but may produce asphyxiation when more than 
40 p.c. is present ((jlowos, l.e. ; Korda, Mon. 
Sci. 45, 409 ; Mosso and Ottolenghi, Ann. di. 
(3him. o. di. Farrnacul. 25, 163 ; Vitali, Chom. 
Zentr. 1 898, ii. 586 ; Moissan, l.c. ; Gr6haut, 
Compt. rend, 121, 564 ; Berthelot, Comi>t. rend. 
121, 606 ; Brociner, tbit/. 121, 773 ; J. Soc. (Jhom. 
Ind. 10, 319; Kosemann, Chom. Zentr. 1805, 
ii. 998; Bottinck, Pbarm. Weokblad, 54, 413). 
It has also distinct action on plants (Grafe and 
Richter, Botan. Zontr. 119, 423). 

Acetylene explodes very violently when 
mixed with oxygon or air in any jiroportion 
from 3-82 p.c., but tho explosiveness is reduced 
by admixture with inert gases (Meyer, Bor. 27, 
2704; Le Chatelier, Compt. rend. 121, 1144; 
Or^haut, Compt. rend. 122, 832 ; Berthelot and 
Viello, ibid. 123, 523 ; Bone and Cain, Chom. 
Soo. Proo. 1896, 176 ; Clowes, J. Soc. Chom. 
Ind. 15, 00, 418, 701, 891 ; Bundt, Ber. 31, 5 ; 
(Jlowos, Chem. Soo. Proc. 1896, 413 ; Berthelot 
and Viello, Compt. rend. 128, 177 ; c/. also 
Delcpine, 8th Intern. Congr. Apxjl. Chem. 4, 25, 
and J. Gasbel, 67, 66). 

It has been proposed to use acetylene as an 
explosive for bringing down material, coal 
in large pieces (Sprengstoife, WafTen und Muni- 
tion, 9, 41). 

With ozone acetylene is violent^ decom- 
posed (Otto, Ann. Chim. Phys. 13, 166). 

Pyrogenetic Condeneations . — On heating acety- 
lene it undergoes various condensations whiih 
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are of great im|)ortance, particularly in con- 
nection with the theory of gaa manufacture. 

Berthelot found (Jahrcsbericht f. Chem. 
1866, 516 ; Ann. Chim. Phys. [4] 9. 446. 469) 
that on leaving acetylene for a time in a glass 
tube heated to its softening point, a mixture of 
solid and liquid hydrocaroons was formed in 
which benzene predominated : — 

CH CH 

CH CH CH CH 



V % / 

CH CH 

(c/. also Haber. Bet. 29. 2691) It therefore 
appears probable that tlio formation and 
polymerisation of acetylene play an important 
part in the production of aromatic hydrocarbons 
m the manufacture of coal-gas (V H. Lewes. 
Proc. Roy. Soc. 65. 90; 57. :i94). R. Meyer 
and his co- workers have found that on passing 
acetylene through a tube suitably heated in an 
electric furnace large quantities of taiTy products 
are produced, and as a result of collecting 
several kilos of tur they were able to isolate ami 
identify some 29 products identical with those 
occurring in ordinary gas-tar, over 20 p.e. 
being benzene (K. Meyer and others, Her. 45, 
1609 ; 46. 9183 ; 47, 2765 ; 50, 422 ; 51. 1571) 
Bone and Coward, however, take a different 
view, holding that the main gaseous product 
at high temperatures must bo methane which 
may dissociate into free radicals, (^11 1 ami (dig! 
which oondenso together in various ways as 
the gases cool down (Chem. Soc. Trans. *93-4, 
1107). 

For a very complete discussion of the subject 
see ‘ The Pyrogenesis of Hydrocarbons,’ 
Part I., E. Lawson Loma\ ; Part If., E. 
Hunstan and E. B. Thole, Journ Ind. and Eng. 
Chem. 1917, 879, 888 ; Jouin. Inst. Petroleum 
T’cchnologists, 3, 36-120. A eomprehcnsive 
bibliography is given in the articles. 

At temperatures above 800” or so, acetylene 
is coni|dctcly decomposed into liydrogen ami 
free carbon, possibly with the intermediate 
formation of methane : 

2CgHa-3C-|-CH4-4C+2H, 

(C/. Bone and Coward, l.c.) 

This method has been patented for the 
production of pure liydrogen, the finely divided 
carbon so produced having a considerable 
commercial value as ar<ti/l*’nc hlnck {cf. J. 
Roe. Chem. Tml. 178, 711; 18, 284; 20, 955; 
Depierre, ibid. 20, 890 ; Frank, Zeitsch. angew. 
Chem. 1905, 1733). 

Thus Morehead { U.R. Pa< . 986489) claims a 
process for dissociating acetylene by passing it 
suddenly into a chamber heated to at least dull 
redness. Before the war the Carbonium Co., 
at Friedriehshaven, had a factory in which 
compressed acetylene was decomposed by means 
of electricity into acetylene black and hydrogen, 
the latter being used for the Zeppelin airships ; 
it is improbable, however, th&t the process can 
compete with other methods for the production 
of cheap hydrogen such as the Messerschmidt 
process or the Frank-Oaro method (t;. Hy> 
[/koosN). 


Pictet (Eng. Pat. 24256, 1910) claims the pro- 
duction of hydrogen and carbon from acetylene 
by allowing it to flow into an extemaliy heated 
chambet'to be there heated until dissociation 
takes place, that part of the condnit thiough 
which the consti*,ucnts pass being cooled so 
as to absorl the excessive heat produced by 
the reaction. 

’Acetylene bums with a very smoky but 
brilliantly white flame which can be modified 
by mixing carbon dioxide with the gas, the 
uitensity varying with the concentration of the 
latter (Alvisi, Ann. chim. applicata, 5, 118). 
VViien submitted to the action of an electric 
discharge at ordinary pressure various con< 
dcnsation products are feme- (r/. Berthelot, 
Bull. Roc. chim. [3] 4, 480; Jackson and 
Laurio, Chem. Roc. Proc. 1006, 165 ; Losanitscb, 
Monatsh. 29, 753 ; Javitschitsch, tbid, 29, 1 ; 
29, 5 ; Coehn, Zeit. f. Elektr. 7, 681 ; Billitzer, 
Monatsh, 23, 199 ; Rchutzcnbcrgcr, Compt. 
rend. 1 10, 889). 

Owing to its unsaturated nature acetylene 
readily enters into reactions to form addition 
products. It adds on hydrogen to form 
ethylene and ethane : 

0,H,+H,-C,H4 

C2H.,+2H,-(i2He 

'I'his is most cffcctividy perfoimcd with the aid 
of nascent hydrogen m the presence of a catalyst. 
Tliihs Lane (Eng. PaL 10724, 1911) claims the 
synthesis of ethylene from acetylene and 
hydrogen by passing them over a lifted 
catalyst contained in a series of tubes. (6/. 
also Atterbury, Eng. Pat. 2961, 1898 ; Widcen, 
Eng. Pat. 9340, 1903; Bouchard -Praceiq, 
Eng. Pat. 6075, 1905.) Karo (D. R. P. 263100) 
claims the production of ethylene from 
acetylene and hydrogen using as a catalyst a 
mixture of at least one metal of the palladium 
or platinum group with at least one metal of 
the following series : iron, nickel, cobalt, 
copper, silver, magnesium, zinc, cadmium, or 
aluminium. 

B. E. Eldrcd and G. Merscreau (U.R. Pat. 
1308777) also put forward somewhat similar 
claims, the catalyst used being nickel or paL 
ladium on a earner of coke, asbestos, pumice, 
etc. ; to prevent the action becoming too ener- 
getic the gas mixture is diluted with ^ to ^ its 
volume of carbon dioxide or ethane. 

According to Paal and his co-workers acety- 
lene is readily reduced to ethylene and ethane 
by hydrogen in the presence of colloidal platinum 
or palladium ; in presence of palladium practi- 
cally pure ethylene can bo obtained, the rednetion 
being step-wiBc ; in presence of platinum 
35-40 p.c. of ethane is produced simultaneously 
(Ber. 43, 2684, 2092; 48, 275, 1196, 1202; 
46, 128 ; Chem. Zeit. 30, 60. Cf. also de Wilde, 
7, 353 ; Sabatier and Renderens, Compt. rend. 
130, 1559, 1628, 1761 ; 131, 40, 187, 207 ; Bull. 
Soc. chim. [3] 25, 678). 

W. Traube and W. Passarge (Ber. 49, 1692) 
describe the reduction, of acetylene directly to 
ethylene by means of an aqueous solution of 
chromous chloride ; the same result is obtained 
if powdered zinc, diluted hydrochloric acid and 
a small quantity of chromous chloride be used. 
No ethane araears to be produced under such 
conditions. The reaction may be carried out 
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under pressure (0. R. P. 287586; Pat. 
1179051). 

When passed over various metallic /catalysts 
such as finely reduced nickel, copper, oobalt or 
iron; a mixture of acetylene ^dnydi^en may 
yield various liquid hydroi^bons as' well as 
ethylene and ethane * in part 3alar co]>per 
yields a ffreenish hydrocarbon, * Cuprene ’ (qA\) 
as also does nickel (Sabatier and 
Sendercns, Compt. rend. 128, 1175 > 130, 260, 
1559. 1028 ; 131, i87 ; Moreau, thii. 122, 7240 ; 
Alexander, Ber. 32, 2381 ; Erdmann and 
Kothner, Zeitsch. angew. Chcm. 18, 49 ; Gooch 
and Baldwin, ibid, 22, 235). 

By passing acetylene over the kathode of 
alkaline lyo unaergoing eloctrol3'sis ethylene and 
ethane are formed (luflitzcr, Monatsh. 23, 199). 

With fuming sulplmnc acid acetylene gives 
a sulphonic acid, the potassium salt of which, 
(C2H|)5-(S04KH)., yields phenol on fusion with 
potash and distilling the product (Bcrthelot, 
Compt. rend. 127, 908 ; 128, 333 ; Ann.Chim. Phys. 
[7 1 17, 289 ; Sehroetor, Ber. 31, 2189 ; Muthmann, 
Ber. 31, 1880). If 50 p.c. fuming sulphuric acid 
be used the chief product is acetaldchydv 
dtnut^hofUy^ (tcid : 

CH :CH+2HaS04=(S03H)aCH0H0+H30 

(Schroeter, Muthmann, l.c.), Atterbury (Eng. 
Pat. 1208, 1898) claims the production of vinyl 
alcohol by passing acetylene into hot strong 
sulphuric acid. 

When led into fused alkali at 220** acet^dene 
is completely absorbed and hydrogen is liberated. 
The reaction product on treatment with water 
gives alkali acetate. A 00 p.c. yield is claimed 
but the process hardly seems of commercial 
value (Fouchter, Chem. Zeit. 38, 273). It reacts 
with hypochlorous acid to give dtchlor-acctalde- 
hyde, 

C3H3+HCIO = CHC1jCH(OH)3 

= CHClaCHO+HjO 

(Wittorf. Chem. Zentr. 1900, ii. 29), 

With nitric acid nitroform and various 
complex nitrogenated substances arc jiroduced 
including an explosive substance 
m.p. 78® (Tustoni and MascarelU, Ga/./.. chim. 
ital. 31, 1. 461 ; Mascarclli, ibid. 33, ii. 319). 

According to K. J. P. Orton (Eng. Pat. 
126000) a good yield of totranitromcth ine may 
bo obtained from acetylene and nitric acid by 
passing the gas into 90 p.c. to 97 p.c. acid, 
preferably in presence of a small quantity of 
mercury, at about 40® C., adding sulphuric acid 
and then distilling oil the tctranitrunicthano 
formed. 

Water forms an addition product at low 
ten^raturcs and under pressure, of the formula 
CiHg’OHjO (Villard, Compt. rend. 120, 1262; 
Ann. Chim. Phys. [7] 10, 396 ; 11, 360 ; Bcrthe- 
lot, Compt. rend. 128, 336 ; Ann. Chim. Phys. 
[7] 17, 297 ; Forcrand and Thomas, Compt. 
rend. 126, 109). It does not, however, combine 
with water directly to form acetaldehyde except 
in the presence of catalysts such as salts of 
cadmium, magnesium, zinc, and especially 
mercury (Kutscherow, Ber. 14, 1540 ; 17, 13 ; 
42, 2759; Erdmann and Kothner, Zeitsch. 
angew. Chem. 18, 48) : 

CH;CH+HOH » CH, : CH(OH) CiI, CHO 


This property has of recent years given rise 
to many important developments, as aceialde< 
hyde can be readily converted into most diverse 
substances such as alcohol, acetic acid, acetone, 
buta^ene and so synthetic rubber, eto. (For 
further details see Aldxuyoe.) 

When mixed with gases such as ammonia, 
sulphuretted hydrogen, Ao., and passed through 
heated tubes, vanotis condensation products 
are formed identical with those ooourrinL> in 
coal-tar, such as pyridine, pyrrole, quinoline, 
thiophene, Ac. (Moyer and I'anzon, Bor. 46, 
3183 ; Meyer and Wcscho, Ber. 50, 422 ; 
Tscliitsohibabin, J. Huss. Phys. Chem. Soo. 47. 
702), whilst a 50 p.c. yield of acotonitiilc^ 
under ocrtiim conditions la claimed by the 
Ohom. Fab. Hhenania (E. \\ 109083). 

According to G. Capollon (Amor. Chem. 
Ab'-tr. 2, 1562) and 0. do Coninok (Bull. acad. 
roy. Belg. 1908, 303) thiophene is not producible 
direct from acetylene and sulphur ; a good 
yield, however, of thiophene can to obtained by 
passing acetylene over pyrites heated to 280®- 
310® (Sfceinkopf and KirclihofT, Annalen, 403, 

1 ; D. R. P. 252376 ; Fr. Pat. 446136 ; Austr. P. 
72291, 1910; Eng. Pat. 16810, 1912). Tschitschi- 
babm {l.c.) claims to obtain a purer product 
from sulphuretted hydrogen than by Stemkopf’s 
method. 

According to the Chemischo Fabrik Rhonania 
(Eng. J*at. 109983) thiophene is produced also 
by passing acetylene mixed with Hulphurotted 
hydrogen over niokel hydroxide mixed with 
cement, or bettor over partially reduced bauxite. 

On treating acciyleno with hydrocyanio 
acid {c.y. by treating powdered calcium carbide 
and potassium cyanide with 'dilute sulphuric 
acid and evaporating the residue) a 5 p.c. 
yield of succinic acid is obtained, pointing to 
the inU'rmediato formation of huccinic nitrile ; 

C3H3f2HCN = (CHaCN).^ (CH,COOH)a 
(E. (!omanducci, Chern. Zoit. 35, 383). 

Heincinann (Eng. Pat. 12305, 1913 ; Fr. Pat. 
458,397; U.B. Pat. 1134677) dpscribes the 
production of propylene by passing a mixture 
of acetylene and methane over heated contact 
substances : 

CHiCH+CH^ = CHa-CH : CH, 
which can then be converted by circuitous routes 
into glycerine, acetone, Ac. A yield of 70 p.c. 
IS claimed using a catalyst consisting of platinum 
and copper, aluminium or magnesium on pumice 
at 100*^-200®. 

By allowing acetone or its homologues to 
act upon the alkali compounds of acetylene, 
*3-metfiyl-bulenol or its homologues are produced 
(Farbwerke vorm Fr. Bayer, D. R. P. 286770) : 
(Cll3),CO+CHa CHNa (CH,)aC(OH)CiC H 
According to D. R. P. 280226 and 291 186, the 
same result is obtained by allowing acetone and 
acetylene to interact in the presence of alkali 
alcoholates. (('f. alH<» J). R. P. 284764, 286920, 
289800.) On reduction the product yields 
3-methyl-butonol (D. R. P. 288271) : 

(CH 3 ),C( 0 H)CH : OH 

which can then be dehydrated to 2*methyl 
butadiene (isoprene) and polymerised to 
83mthetic rubber. 

(Other possible modes of obtaining synthvtio 
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rubber from acetylene are described by Dreyfus 
in Eng. Pat. 17193, 1913 (void;.) 

Compounds with meials and metallic salts. 

A characteristic property of acetylene and 
its congeners is their anility to form additive 
compounds and substitution products with 
metals and metallic salts. When heated with 
sodium part of the hydrogen is replaced yieldmg 
podium acetylide and carbide GsHNa and 
OtUa, (Matignon, Compt. rend. 124, 775 ; 159, 
769 ; Skosarowsky, J. lluss. Phys. Ohom. Soo. 
36, 863 ; Moissan, ihid. 126, 302 ; do Forcrand, 
Bull., Soo. chim. [3] 13, 996). The sodium 
compound reacts with alkyl iodides in liquid 
* ammonia at —50^ to --30° to form homologues 
of the acetylene scries (Lobcau and Picon, 
(lompt, rend. 156, 1077 ; cj. also Moissan, ibid 
127, 913). 

Similar compounds are known with lithium, 
potassium, caesium and rubidium (Moissan, 
Compt. rend. 122. 362; (;un7.. ibid 126, 1866; 
Bull. Soc. chim. [31 15, 756 ; Compt. rend 123, 
1273; Moissan, Compt, rend. 127, 911; 126, 
302; 137,463; 136, 1217). 

Of particular interest are the compounds of 
acetylene with silver and copper which are 
formed on passing the gas through ammoniacal 
solutions of cuprous or silver salts ; ttio former 
compound is a brick-rod precipitate of varying 
composition and is used as a test for the presence 
of the gas ; it appears to have the composition 
CuiCgllgifJ to whioii Makowka gives the structure 
Cua’CiK’lIO (Bor. 41, S24). On heating 

gently it loses water yiekling Cu/^. Scheiber 
suggests the formula* : 

CH :C*Cu‘Cu(Ofl), and C-Cu 



for the two compounds (Bor. 41, 3816 ; 
Scheiber and Kecklcbcn, Bor. 44. 216). 

The silver coinpuiiiKl ha.s the formula 
OgAgsHaO orCgHa 2Aga() ami forms a >('lIowi8h 
precipitate. Both the copper and silver 
compounds explode on heating (c/. Berthelot, 
Ann. ('him. Fhys. [4| 9, 385; Jilochmanii, 
Aiiualeii, 173, 174 ; Kiintemaiin, Bull. Soo. 
ohim. 13] 6, 422; Aloxandoi, Bor. 32, 2381; 
llosva, ibid 2697 ; Bliillips, Amor. Chom 
J. 10, 340; Scheiber and Flobbo, Ber. 41, 
3816; Makowka, Ber. 41, 824; Freund and 
Mai, Choin. Zeit 1899, 1, 410; Berthelot, 
Compt. rend. 132, 1525 ; Keisor, Amor. Chein 
J. 14, 285 ; Noyes and Tucker, Anicr. Chem. J. 
19, 125 ; Kiisport, Zoitsch. angew. Cheni. 34, 
453 ; Silva, Clieni. Zeit. 36, 897 ; lleckicben 
and Sohoibor, Chem. Zeit. 40, 325) 

Acetylene also forms double compounds with 
salts of copper and silver some of which are 
explosive, s.g, CaHgCujiCL ; C,H,*2Cu,Cla ; 
0,H,-3Cu 4CI, ; CaHa-2AgaO ; CuSOa-2(^UaC2, 
and so on. ((?/. Chavastnlon, Compt. rend, 
124, 1364; 125, 245; 126. 1810; 127, 68; 

130, 1634, 1704 ; 131, 48 ; 132, 1489 ; Hofmann 
and Kuspert, Zeitsch. anorg. Clitun. 15, 204 ; 
Soderbaum, Ber. 30, 760, 814 ; Willgerodt, Ber. 
28, 2107 ; Arth, (^ompt. rend. 124, 1534 ; 
Berthelot and Dclepiiie, Compt. rend. 129, 360 ; 
Nieuwlaud and Maguire, Amer. Chem. J. 28, 
1025 ; Edwards and Hodgkiuson, J. Soo. Chem. 
Ind. 23, 954 ; 25, 495 ; British Association 
Reports, 1904 ; Aleiuinder, Ber. 32, 2381 ; ■ 


Gooch and Baldwin, Zeitsch. anorg. Chem. 
22, 235 ; Keiser, l.c. ; Manchot, J. Soo. Chem. 
Ind. 30, 1302 ; Bhaduri, Zeitsch. anoig. Chem. 
79, 355 i 76, 419 ; Llorens, Anales Soo. Kspan. 
fis. quim. ii, 320.) 

The use of aceuylene has been suggested as 
an t naly ticalrreagent for the separation of metals 
such as silver, copper, palladium, osmium, gold, 

■ and mercury (Soderbaum, Ber. 30, 760, 814, 
902, 3014 : Erdmann and Makowka, Zeitsch. 
anal. Ohern. 46, 128, 145 ; Scheiber, Ber. 41, 
3816; Scheiber and Reckleben, Ber. 44, 210; 
Llorens, Anales soc. Espan. fis. quim. 10, 139 ; 
II, 320; Weaver, J. Amcr. ChOm. Soc. 36, 
2462). 

For the detection and estimi. Jon of acetylene 
use is made chie^y of ammoniacal cuprous 
chloride solution. Llorens {l.c.) recommends 
the use of test papers soaked in a solution of 
copper sulphate and sodium chloride decolorised 
with sodium bisulphite. Weaver (J. Amor. 
Chcin. Soo. 38, 352) describes a colorimetric 
method of estimating acetylene. Schultze 
(Zeitsch. angew. ('hern. 29, 1, 341) also describes 
a colorimetric method. (See also above refer* 
enccs on use of acetylene as a reagen' ) 

With aluminium chloride in presence of 
alcohol double compounds arc formed : 

AlCl,-2CaH,HaO ; 

AlCla CaHa-2EtOH ; 

AlCla'CaHaCHaOHIIaO 

(GanghofT and Henderson, J. Amer. Chem. Soc. 
38, 1382 ; 39, 1420 ; c/. also Band, Chem. 
News, 81, 286). 

Witli magnesium bromide compounds are 
formed such as CH CMgBr, (|(!MgBr 2 ), (Oddo, 
Atti B. Aead. Lincei. 13, 187 ; Gaz. chim. ital. 
38, I. 625 ; Yocielii, J. Russ. Phys. Chem. Soc. 
38, 1040). 

Action on magnesium, see Novak (Ber. 42, 
4209) and Cottrell (.J. Ph>H (^hem. 18, 86). 

The compounds of acetylene with mercury 
and mercuric salts have been studied in some 
detail, and aro of considerable importance in 
view of the use of nierciiry salts as catalysts for 
the conversion of acetylene into acetaldehyde. 
Mercuric acetyl idn (or carbide) itself, C.jng, is 
obtainable as a white very explosive precipitate, 
by passing acetylene through Ncssler solution 
(Kohser, Amcr. Chem. .1. 15, 636) ; on treatment 
with acids acetylene is evolved. A hydrate, 
3C2Hg’H)0, is known also (Plimpton and 
Travi^rs, 'Trans. (Inmi. Soc. 65, 226). A hydrate 
of mercuro- acetylide, CaHga’HjjO. is furnu'd as 
a grey precqiitatc on passing acetylene through 
an aqueous suspension of mercurous acetate m 
the dark (Burknrd and Travers, Trans. (Jiem. 
Roe. 81, 1270). Mercuric acetate solution 

yields a shmv white precipitate of 3CuHg’2Hg()’ 
2Ha(-) (possibly 3(^2Hg*2Hg(OH)2), which is not 
explosive and yields a»'etaldehydo but no 
acetylene on treatment with acids (Burkard and 
Travers, l.c. ; Plimpton, Proo. Chem. Soo. 8, 
109). 

By the action of acet\ leneona(|ueous mercuric 
chloride solution an amoiphous wliite precipitate 
IS formed to which the formula Cs^g'HgCli 
was 6rst given (i.e. Bis-chlormercuri-acet^ene 
ClHg*C jC’HgCl), but which appears in reality 
to TO trichlormercun acetaldehyde (ClHg),* 
C‘CUO' (Keiser, Amer, Chem. J. 15, ; 
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Biginelli, Gb«m. Zentr. 1898, i. 920 ; Hofmann, 
Bor. 31, 2212, 2783; 32, 874 ; 37, 4459 ; 38, 
063 ; Bdtz and Mumm, Her. 37, 4417 ; 38, 133 ; 
Annalen, 404, 219; Brame, Trans. Oh)m. Soc. 
87, 427). On heating an aqueous suspension 
of the compound it is de^mposed yielding 
aoetaldehyde in practiqally quantitative 
(Kutscherow, Ber. 14, 1540 ; 17, 13 ; Erdmann 
and Kothner, Zeitsch. anorg. ('hem. 18, 48 ; 
c/. also Hofmann and others, supra ; Jehal. Ann. 
('/him. Bhys. [01 16, 267). According to Hofmann 
the compound has the structure : 


ci-Hg a 


and Is formed by the addition of two mc^ccules 
HgCI^ to one of HgCg ; it is then split up by 
water : 


Hg 

<ClHg),=C- C=C1,+2HC1+H,0 

3HgCI,+CH,CHO 


nn/.i' i.,jently Ohapinun and Jenkins have 
shown (Trans. Chein. iSoc. 116, 817) that on 
passing aielyleno into a saturated solution of 
mercuric chloride in absolnto alcohol a large 
yield of ii white crystalline addition product is 
obhiined which is loaddy .soluble in ether, 
benzene, and other organic solvents. It has ilie 
composition Hg('la*('iH|, and melts at 113® C. 
Chapman and J(‘nk Ills suggest its forintihi may 
be 


ClHg OH : CHOI or OlHC --( 'HCl 
\/ 

Hg 


and it seems probable that this body may bo 
the first product formed during the action of 
acetylene upon aqueous solutions of iii(>rcur]i' 
salts. When passed into alcohol in the pre- 
sence of a mercury catalyst acetal is foriiiod 
(c. AcKTAiiS), ond with anhydioim acetic acid 
ethylideno diacotato is formed wbuli can bo 
readily split up into aldchyile and acetic 
anhyclrido (/•. A(’KT\i.h). (See also Hofmann 
and Kirmreutlicr, Ber. 41, 314 ; 42, 4232.) 

Acetaldehyde is also formed to some extent 
by heating charcoal saturated with acetylene 
to 350° with water (Degrc/, Ann. ( him Pbys. 
[7j 3, 216). (For details Aldkhydj .) 

Oxidising agents convert acetylene to acetic 
acid ; thus hydrogen peroxide (Cross, Bevan and 
Heiberg, Ber. 33, 2015) and fused caustic alkah 
(Feuchter, Chem. Zeit. 38, 273) yield acetic 
acid or its salts. 

Various processes have been patented, 
notably by the Farbwerke vorm. Fr. Bayer, to 
obtain acetic acid direct from acetylene without 
isolating the acetaldehyde formed as an inter- 
mediate product. This proce.ss, described in 
U.S. Pat. 1128780, claims the production of 
acetic acid by treating acetylene with a mixture 
formed from mercuric oxide, hydrogen peroxide 
and ammonium or potassium _per8ulpbate in 
10 to 30 p.o. sulphuric acid. fr. Pat. 467516, 
describing the same process, states that 10 8 
grams aoet3deno yield 24-25 grams pure acetic 
acid. Fr. Pat. 467778 (D. R. P. 293011 ; U.S. 
Pat. 1169376) describes an electrolytic process 


using 30 p.o. sulphuric acid containing about 
1-2 p.c. of a meroury salt at 30® to 4ir. with a 
divided cell using a lead or copper cathode and 
oxidising tiie acetylene at the platinum anode ; 
using a current of 48*6 grams acotylono per 
hour witli 100 amps, the yield is stated to be 
0*5 kg. acetic acid per litw in 24 hours. 

A different process is given by the Choin 
Fabnk (Inoshciin Klcklron (Swiss Pat 70152 
Kng. Pat. 14113. 1911), consisting in pe^yij 
acetylene and <>.\\gcn altematcTy or simul 
tancously into acetic or other organic acid con 
t aining water to which a suitoble morcur; 
catalyst has been added. It docs not appeal 
however, to offer much advantage over th 
methods involving the nrevioiis isolation of ill 
acetaldehyde. 

lIvLooBN DEiuvaiivi:s. 

Iodine Compounds. -Acetylene unites with 
iodine somewhat slowly to form acetylene 
di-iodidc (syin. dioiloothyleno) Oalltli* which 
exists m two stereuisomcric forms, a solid, 
m.p. 73® (or 78® ?), b.p. 192® ; and a 
liquid form, m.p. 21°, b.p. 186®, 

(Berthclot, Annalen, 132, 122 ; Sabanojew, 
Annalen, 178, 118 ; 21(5, 275 ; Plimpton, Trans. 
Chom. Soc. il, 391 ; l*atem6 and Poratoner, 
Oa/,7. chun. ital. 19, 680; 20, 670; Biltz, Ber. 
30, 1200, 1207; Nof, Annalen, 298, 341; de 
Chalmot, Amor. (3ieni. J. 19, 877 ; Koisor, 
Amor. Uhom. J. 21, 261 ; Erdmann, Ber. 38, 
237 ; Chavanno and Vos, Compt. rond. 168, 
1582). 

Witli filcoliolio potash the liquid form yields 
acetylene and di-xodv-acciyli^nc OgTa! chlorine 
converts it into the tetraclilor derivative. 
Keiser and McMaster have shown (Amor. Choni. 
J. 46, 51 H) that the solid form can bo made to 
yield fumanc aciii and thoroforo has the trans 
form, whilst the liquid cis form yields maleic 
acid. 

iH-iodo-acetylenp 0,1* is formed on treating 
calcium carbide with a solution of iodine in 
potassium iodide, totraiodoelhylcno being also 
termed (Biltz, Ber. 30, 1200) ; or by the action of 
Silver acetylido on an ethcn'al solution of iodine 
(Bercnd, Annalen, 1.35, 258 ; Bacyor, Bor. 18, 
2275). It can also bo produced from totra-iodo 
ethylene (Nof, Annalen, 298, 341 ; Schenk and 
Litzendorff, Bor. 37, 340) and from iodo- 
propiolic acid fNof, Annalen, 308, 325). Tt is 
DCHt prepared by the method of Biltz (f.c.), by 
leading acetylene into 2N caustic soda lye into 
which a solution of iodine in potassium iodide is 
allowed to drip. Thus obtained it is a white 
amorahouB precipitate which crystallises in 
needles from ligroin, m.p. 82®. It is an evil- 
smelling substance with pronounced action on 
the mucous membrane ; it has strong ' anti- 
septic proportioB (Biltz and Kiippers, Ber. 
37, 4415 ; Mebert, Archiv. f. expenm. Path., 
etc. 41, 114; Low, Chom. Zentr. 1899, 1, 214). 
The action of heat or actinic rays converts it 
into 0,1,. With nitrous fumes it yields nitro- 
tri’iodo tthylene Cl, : CINO, (Meyer and Pemsel, 
Ber. 29, 1411 ; Biltz and Werner, Bor. 30, 
1200; 33, 2190; Biltz and Kiippprs. ; 
Chalmot, Amer. Chom. J. 19, 877 ; Nof, Annalen, 
298, 202). 

Magnesium acptyUne, iodide is known and 
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fonns a thick oily liquid (Yocichi, J. Russ. Phys. 
Chem. 8oc. 38, 1040). 

Bromine Derivattvee. Brom^acetyUne 
CBrjOH U formed by the decomposition of 
ethylene dibromide with alcoholic potash : 

CHBr ; CHBr-HBr = CBr : OH 

It condenses to a colourless liquid, b.p. about 
—2^. Both liquid and vapour arc spontoneously 
rnd^mmable. It bums with very great energy 
in air, partially carbonising and forming 
HBr, CO. and COj. Its solutions show phosphor- 
escence and smell strongly like phosphorus. 
In da^ light it polymerises, about 10 p.c. of the 
^nroduct being sym. tribrom- benzene (Reboul, 
Annalen, 125, 81 ; Schmclz and Beilstein, 
Annalen, Hpl. 3, 280 (1806); Sabanejew, Ber. 
18 ; Ref. 374 ; Nef, Annalen, 298, 366 ; 308, 
326 ; Cray, Trans. Chem. Soc. 71, 1029). 

Di-brom-ac€tylene CBr | CBr, is formed by 
treating tribromethyleno with alcoholic potash 
(Lemoult, Compt. rend. 130, 56 ; 137, 1333 ; 
Lawrie, Amer. them. J. 30, 490). It forms an 
oil insoluble in water, possessing an unpleasant 
isonitrile odour, b.p. 76‘^-77 . It is very 
noisonouB and is spontaneously inflammable. 
With bromine it forms utra-brovifthyleue C^Br^, 
and with iodine it forms dibrom-diodoethylene 
BrC : Clg, m.p. 96°-^96°. Acetylene itself reacts 
with bromine to form acetylene dibromide 
jdibromethylene) CHBr : C^HBr, using dilute 
Dromine solutions and keeping the acetylene in 
excess ; the product is a colourless liquid, 
b.p. 110®, D, 7 ”2*271. It is also produced by 
the action of zinc and alcohol or amalgamated 
zinc on acetylene tetrabromide (Sabanejew, 
Annalen, 178» 115; 210, 251, 267 ; Ber. 18; 
Eef, 374 ; Weger, Annalen, 221, 72 ; Anschutz, 
ibid, 221, 141 ; Moureau, Bull. Soc. chim. [3| 
21, 99 ; Elbs and Newmann, J. pr. Chem [2] 
68, 246 ; Swarts, Chem. Zentr. 1899, 1, 589 ; 
Gray, 71, 1023). Van do Walle (Bull. Soc. 
ohim. Belg. 27, 209) haa shown that acetylene 
dibromide prepared by the reduction method 
consists of a mixture of two isomers which can 
be separated by the fractional distillation of the 
binary mixtures with ethyl alcohol. I'hc two 
forms have m.p. —0*5® and - 53°, and the 
equilibrium mixture consists of about one part 
of the former and two parts of the latter. 

If acetylene be treated with excess of bromine 
the tetrabrom derivative is formed, CjHjBr^ 
(acetylene tetrabromide, tetrabrom ethane) 
(Reboul, Annalen, 124, 269 ; Sabanejew, 

Annalen, 178, 112, 121; 216, 256; Bourjoin, 
Ann. Chim. Phys. [6] 4, 423 ; Anschutz, Annalen, 
221, 138 ; Wojzic, Ber. 16, 2891 ; Crossley, 
Proo. Chem. Soc. 14, 248 ; Hofmann and 
Kirmreuther, Ber. 41, 314 ; Elbs and Newman, 
J. pr. Chem. [2] 58, 245 ; Miithmann, Zeitsch. 
f. Kiystallographie, 30, 73). An unsymmetrical 
tetrabrom ethane is also known (I^ennox, 
Annalen, 122, 124 ; Sabanejew, Annalen, 216, 
255 ; Anschiitz, Annalen, 221, 140). 

Perbrorn-ethylene C^Br. forms colourless 
crystals of m.p. 66®, b.p. 226 -7®, and is prepared 
either by the addition of bromine to dibrom- 
aoetylene (o.^) or by the action of bromine on 
an aqueous suspension of silver acetylide, and 
by distilling hoxabrometliane (Lowig, Pogg. 
Ann. 16, 377; Lennox, Annalen, 122, 126'; 
Reboul, Annalen, 124, 271 ; Merz and Weith, ' 


Ber. 11, 2238; Holand, Annalen, 240, 237; 
Nef, Annalen, 298, 332 ; Biltz, Ber. 36, 1530). 
By the action of sodium ethylate tetrabrom 
ethylene yields asymm. dibrom-vinyl ether, 
bromacetic ester, tribromvinyl ether, , and 
aldehyde resin ( Mef, Annalen, 298, 334). 
Fuming nitri^ acid oxidises it to tribrom-^etio. 
acid, or in presence oi cone, sulphuric acid 
tribrom acetyl bromide is formed (Bilte, Ber. 
35, 1636). 

Various mixed halogen cr^mpounds derived 
from acetylene are also known out are of little 
importance. 

Chlorine Derivatives.— Owing to the cheap- 
ness of chlorine its compounds with acetylene 
are easily and economically produced, and 
constitute an important technical application 
of acetylene. 

CMor-acetykne CCl i CH is a gas with 
explosive properties (Wallach, Annalen, 203, 
88 ; Zincke, Ber. 23, 3783 ; V. Meyer, Ber. 23, 
3783 ; Hofmann and Kirmreuther, Ber. 42, 
4232 ; Mourelo and Banue, Analos. soc. Espan, 
fis. quim. 9, 84). 

Dichlor -acetylene CCl ; CCl has been obtained 
by Boeseken and Carribre. (VersUg, 
Wetenschappen, 22, 1186) by heating the 
barium salt of trichloracrylic acid : 

Ba(CCla : CCl COO),=BaCl,+2COa+2CCl : CCl 
It is a colourless gas with an unpleasant odour ; 
it can be condensed to a colourless liquid, m.p. 
—50®, which is explosive. Mixed with hydrogen 
it inflames spontaneously in the air. It is also 
possible that dichloracetylene is formed to 
some extent when calcium carbide is treated 
with chlorine (Davidson, Amer. Chem. J. 40, 
397). For instance, by treatment of benzene 
with powdered calcium carbide and chlorine, 
tolane dickloride is formed, a reaction best 
explained by the intermediate formation of 
dichloracetylene ; direct evidence was also 
obtained that tlio gas is fosmed under these 
conditions. 

Acetylene tdrarhlorid^' (tetrachlorethane) 
(^HC’Ia'CHCla is the most import^t halogen 
derivative of acetylene from a technical point 
of view, os it is the direct product of the action 
of chlorine on acetylene and is the starting 
point for numerous other derivatives. Chlorine 
is without action on acetyrlene in the pure state 
and in the absence of light (Schlegel, Annalen, 
226, 154). In diffused daylight the dichlor- 
and tetrachlor derivatives are formed in 
succession : 

C,H,-1-C1. = CjHaCl, C.HaCla-l-Cla = C,HaCl, 
(Romer, Annalen, 233, 214). Traces of impuri- 
ties, particularly air (Mouneyrat, Bull. Soc. 
chim. [3] 19, 447, 462, 454), cause violent 
explosive decomposition during the reaction, 
with formation of free carbon and hydrochloric 
acid : 

CaH^-f-Cl, = 2C+2HC1 

To avoid this danger and to render the reaction 
safe and dependable, various devices are 
adopted chiefly depending upon the presence of 
suitable catalysts, such as iodine chloride 
(Sabanejew, Annalen, 216, 241, 262), antimony 
pentachloride (Berthelot and Jungfleisch, 
Annalen, Suppl. 7, 252 (1870)), aluminium 
chloride (Mouneyrat, Bull. Soc. chim. [3] 19, 
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448 ; Compt. rend. 126, 1806). For this .'eason 
most of the eariy patents ‘on the subject deal 
with methods for avoiding the danger of ex- 
plosion daring the reaction and ef¥r*"ting a 
smooth and continuous combination of the 
vases. The following proces^Vs may be noted : 
Askenasy and Mug<mn (Eng. Pat. 48602, 19p4) 
prepare the sym. tetraohlorethane^ by passing 
acetylene and chlorine altomatclv into anti- 
mony pentachloride, which latter snt^ild be free 
from excess of chlonne and may bo diluted with 
tetraohlorethane ; or the two gases may bo 
driven in simultaneously into two halves of a 
vessel separated by a perforated diaphragm. 
H. K. Tompkin8(Eng. Pat. 10568, 1004) advocates 
the use of a irixturo of antimony tri- and 
pentaoliloride at 40° to 50° and distilling the 
product ; t'.e reaction appeals to be 

C,H,+SbCU=C.H,SbCl8 
0,n,SbCl5+SbCla=CaHaCl44-2abClj 
Q. Dreyfus, H. K. Tompkins, and the Clayton 
Aniline Co. (Eng. Pat. 8438, 1909) describe 
the production of antimony chloracetylide by 
passing acetylene into antimony pentachloride. 
Th'' of antimony chlor- or brom-acotylides 
is claimed by Dreyfus, Tompkins, and the 
Clayton Aniline Co., as a catalyst for use in the 
production of halogen indigos and thioindigos 
(l.c.). 

J. M. Lidholm (Eng. Pat. 22094, 1005) recom- 
mends diluting the gases with an indifferent gas 
such as carbon dioxide and exposing the mixture 
to actinic rays, ('heniische Fabrik Griesheim 
Elektron (Eng. Pat. 13411, 1907) claim the pro- 
duction of tetrachlorciliano by mixing the 
reacting gases with solkl diluents sucli as sand, 
infusorial earth, clay, l^c., and exposing to 
actinic rays in presence of the solid. After the 

g ases have been mixed they may be passed into 
quids such as the chlorides of antimony or 
solutions of these in the totrachlor compound. 
G. Omstein (Eng. Pat. 2375, 1911) also advises 
the use of a non-volatile (,utaly'<t such as iron. 
Salzbergwerk Neu Stassfurth (D. R. P. 1740(»8) 
suggest the use of sulphur chloride to which a ' 
small amount of iron has been added. I'he 
Consortium f. Elektrochemische Industrie (Eng. 
Pat. ^5967, 1910) claim that ferric cliloride is 
an efficient catalyst ; it is possible that the two 
preceding patents also depend on the formation 
of ferric ^loride as the real catalytic agent. 
{Of, also E. P. 132767, Soo. d. prod. thim. 
d*Alais.) 

In practice the use of antimony pentachloride 
appears to find most favour. Tne apparatus 
lisM consists of a vessel fitted with a stirrer and 
divided by a partition which, however, allows 
the intermixing of the liquids. The vessel is 
partially filled with a solution of antimony 
pentachloride in tetrachlorethone and acetvlene 
IS passed into one side whilst chlorine is led into 
the other; the acetylene compound is thus 
continuously formed in the one chamber and 
deoomposea by the excess of chlorine on coming 
into the other. The vessel gradually fills with 
the acetylene tetrachloride so formed until a 
liquid containing as little as 1 p.c. of the catalyst 
remains. The acetylene is then stopped, a 
small amount of chlorine is added to decompose 
the double compound and the tetrachloride is 
distilled off, purified with lime or chalk and 


distilled in steam. The yield is about 05 p.o. 
The process is used in England by the Weston 
Chemical Co., in France by the Compagnie 
Gendrale d’Elektroohemie de Bozel, Paris, and 
in Germany by the Consortium fUr Elektro- 
chemisoho Indiistrio in Niimbeig, and by the 
Bosnischo Elekirizitats A.G. in Jajee. The 
Salzbergwerk Neu Stassfiirtli make use of 
Ornstein's process using iron as a catalyst, 
though prooably ferric chloride is the r^l 
agent. 

Acetylene tetrachloride forms a colourless 
liquid of b.p. 147°, Do=1014, in.p. -36°. 
It is the most important of the acetylene h 'iides 
as it is the mother substance of a large number 
of derivatives (r. infra). Like the latter it 
is non-infiammablo, and as it possesses very 
great solvent power for Organic substances, 
especially fats, varnishes, iSre., it attained to 
some importance in industry. It is a good 
solvent for Biflj)hur, phosphorus, and the 
halogens. It also dissolves acetyl-cellulose and 
was used for this purpose under the name 
‘ Acetosol * (cf. Loderer, I). R. P. 175379 ; 
Walker, l\S. Pat. 1035108). It can be distilled 
unchanged either alone or with steam, and does 
not attack metals in the dry state. In the 
‘presence of moisture, however, certain metals, 
notably zinc and iron, remove hatlogen leaving 
acetylene diohloride. It is stable t>o strong 
acids but is readily attacked by alkalis or 
inagncsium liydroxido, yielding trichlorcthylene. 
Heated alone* or with AlClj or ThOg triohlor- 
ethylene is formed hIowIv, and prolonged heating 
causes the formation also of porchlorbenzene 
(Bertliolot and Jungiloiscli, Annalen, Suppl. 
7, 252 (1870) ; Nicodomns, J. pt Chom. 83, 312). 

The Salzbergwerk N. Stassfurth (U. R. P. 
185374) recommend the addition of organic 
compounds such as turpentine to the tetra- 
chlonde to take up any nydrochloric acid that 
may be formed, thus keeping the solvent in a 
neutral condition suitable for use. A. Schmitz 
(Fr. Pat. 417649) claims the production of emul- 
sionn of totraclilorethane with soap solutions. 

Owing, however, to the strong narcotic and 
poisonous action (d the tetrachloride, causing 
jaundice, fatty degeneration of the organs, 
albuminuria and hii moglobiiiuria, its use as a 
solvent is now considerably restricted, particti- 
larly as its various derivatives are equally 
suitoble for most purposes and are less poisonous 
{cf. Grimm, Heffter and Joacbimaglu, Vrtljsohr. 
Med. Offent. Sanitutsw. 48, 1 ; Report of H.M. 
Inspector of I'actories, 1914y. 

Trichlorethykne CgHClg is obtained from 
acetylene tetrachloride by heating in a vat with 
milk of lime or solid lime (Consort, f. Elektro- 
chem. Ind. D. R. P. 171900, 208864). The 
yield is practically quantitative. It is also 
produced uy passing ammonia into a mixture 
of acetylene tetracMoride and alcohol (Tomp- 
kins, Eng. Pat. 19568, 1904), and, admixed with 
hexachlorbenzenc, by passing the tetrachloride 
through a tube heated to 400° or 600° (Tompkins 
and Clayton Aniline Co., Eng. Pat. 23780, 1906). 
Another process by the Griesheim Elektron Co. 
(D. R. P. 263467) consists in passing the vapours 
of acetylene tetrachloride over heated metallic 
chlorides such as copper or barium chlorides ; 
it is, however, less easy to obtain a pure product 
by this method. It may also be obtained by 
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passing the tctraohloiido over ThOt heated to 
a temperature not exceeding SQO'’ (Chem. Fab. 
Biiokau, D. R. P. 274782). 

Trichlorethylene forms a colourless liquid 
b.p. 85% Do-=l‘47, which is practically im- 
miscible with water. It has great solvent 
power for fats, waxes, resins, rubber and other 
organic products, and also for sulphur and 
phosphorus, on which account it is used on a 
cor siderablo scale for fat-cxtraction and tlio 
like in place of benzene or carbon tetrachloride. 
It has the advantage over acetylene tetra- 
chloride in that it is less toxic (Chem. Zeit. 31, 
1095, 32, 256, 629; Arch. Hyg. 1911, 74; 
Lach, Scifensieder, 1911, 15). Neumann (Chem. 
Zeit. 36, 1026) states that the trichlor compound 
gives satisfactoiy results as a fat solvent (cf. also 
van ]..ennep ana Ruys, Chem. Wcekblad, 9, 654). 
Soaps containing ‘ Tri ’ (trichlorethylene) such 
as ‘ Wcstrol,’ ‘ 'I’liol,’ ‘ Tripur,’ &c., are used for 
cleansing textile materials from grease (r/. 
Schmitz, l>. R. 255901). Trichloretbvlene 
has also advantages over tetrachlorcthane in 
that it is more resistant to ehemical action, is 
unattached by dilute aeids, or by alkalis or 
lime, and is practically without action on the 
common motaLs such as iron, copper, lead, tin, 
or zinc, even in the prescuico of moisture. At 
room temperature it oxidises slowly yielding 
carbonyl chloride, liydroehloric aoiil, and 
dichloracotyl chloride (Erdmann, J. pr Chem. 
86, 78 ; Staudinger, ibuL 85, 330). lender 
suitable conditions it can bo made, however, to 
undergo various important transfoi mat ions ; 
thus, by heating with strong alkali collie 
acid is formed (Consort, f. Elektrochcrn. Xnd., 
1). U. P. 257878), 


OHClrCClaH'lKOH 

= (:H2(Ofl)*COOK-f3KCl-| HaO 


Traces of dichloracetylene arc also formed. On 
passing through a heated tube it is partly 
converted into hexacblorbcnzeiic (NicoderniH, J 
pr. rhcin. 83, 312). Jn tJio jiroscnce of catalysts 
chlorine is added on with the formation of 
pentachlorcthaiio (/’. On heating with 

sodium otbylato or a mixture of caustic soda 
and nlcoliol, dicliloninylvthrr (dichlorcthoxy- 
ctbylcno) is formed (Tompkins, Eng, Pat, 678, 
1900 ; Imbort, Eng. Pat. 6014, 1907), which on 
further treatment with water or alcoliol readily 
^iyes chloracotic ester in good yield (Tompkins, 


C,HCl,+NaOCaNs=NaCl+CaHCL*OCoH. 

0aHCVOCaHB-t-H,O=HCH-ClCHaCOOCaHj 


Aocordinff toImbert(Eng. Pat. 6013, 1907) boat- 
ing the Guchlorethoxy ethylene with the theo- 
retical quantity of water yields the chloracetic 
ester, whilst excess of water yields chloracetic 
acid directly. Chloracetic acid or its ester react 
readily with aniline yielding phcnylglycine 
which can bo converted into indigo, thereby 
offering an alternative route to . the usual 
process starting from acetic acid (cf. . Chem. 
Zeit. 36, 1063). 

Later processes claim the production of 
monochloracetio acid in good yields by the use 
of concentrated sulphuric acid at 150 -200® C., 
as the hydrating agent (L. Simon and O. 0. 
Chavaniie, Eng. Put. 129301), 100 gni'^. trichlor- 
ethylene under such conditions affording 67 gms. 


uionoCiiloraoetic acid ; the Soo. des prod, otaim. 
d’Alais also describe a continuous process for 
producing the acid from trichlorethylene by 
ulowinc the latter to aot upon sulphuric acid of 
90 p.o. concentration at 160®-200® C., water 
being added cont'juously as required and the 
resijltant monochloracetic acid being carried off^ 
by the excess of trichlorethylene (Eng. Pat.' 
132042). 

Dichlor.lnyl ether, b.p. 128*2®, Dio=*l'08, 
is an extremely reactive substance opening the 
way for a number of interesting organic syntheses. 
Thus hydrochloric acid or chlorine add on 
directly and the products on distillation split 
up into chlor- or dichlor-acetyl chloride : 

C,HCl200,H,+HCl = CaHaCla-OCjHj 

= ClCaH.+ClOHa'COCl 
(cf. Tompkins and Clayton Anilino Co., Eng. 
Pat. 6404, 1908). Chloracotyl chloride made by 
this process has been placed on the market by 
the ( 'onsortium. 

A further use for trichlorethylene is given 
in Eng. Pat. 90, 1908, by the Badische Anilin und 
Soda Fabnk, in which by treating trichlor* 
ethylene with a salt of thiosalicylic acid, omemt- 
chlorovinylthiowlicylic acid is produceu wnich 
can bo readily ' converted into thioindigo. 
With mercuric cyanide trichlorethylene yields 
macvritrichlorelhylf' mdc Hg(CCl : CCl)a (Hof- 
mann and Kirmreuthor, Ber. 41, 316). 

Dichlorofthylene CjHaCla is prepared 
technically from tetrachlorcthane by refluxing 
with zinc dust and water : 

CaHaCl*+Zn =- (JaHaCla+ZnCl, 

(Askenasyand Mugdan, Eng. Paf. 19676, 1907). 
Aluminium or iron powders may also be used 
instead of zinc, but in that case require heating 
to 140® in an autoclave. The dimiloride may 
also bo prepared by the direct union of acetylene 
am! chlorine, avoiding any excess of the latter 
and using nnlimony pcntachloride as a catalyst 
(Tompkin*-) Eng. Pat. 196G8, 1904), or diluting 
the gases and exposing to actinic rays (Lidholm, 
Eng. P t. 22094, 1905), or by heating the ^ases to 
160® in capillary tubes (Chem. Fab. Gnesheim 
Eleklron, Eng. Pat. 16620, 1912). The commercial 
product consists of a mixture of the two stereo- 
isomers of b.p. 48° and CO® respectively, and 
densities 1*265 and 1*201, in consequence of 
which it has no constant boilmg-point (Chavanne, 
Comjit. rend. 164, 770 ; Bull. Soc. chim. Belg. 
2(), 287 ; 28, 234). The equilibrium mixture 
contains about four parts ‘ cis ’ form (b.p. 00°) 
to one part ‘ trans * (b.p. 48°) form. Askonasy 
and Mugdan (Zeit. f. Elcktrochemie, 16, 773) 
suggest the production of the dichloride by 
electrolysing the tetrachloride in zinc chloride 
solution, the zinc being regenerated electrolyti- 
cally. 

Dichlorethylene resembles trichlorethylene 
and perohlorethylcne and is unattacked by 
metals or alkalis. It can be used as a rubber 
solvent (Fischer, D. R. P. 211186) and owing 
to its low boiling point has been recommended 
as a substitute for ether for fat extraction, &o. 
Its vapour is inflammable but the flame is 
readiW extinguished. (For other details see 
also Iflerthelot and Jungfleisch, Annalen, Sppl. 

7, 263 (1870) ; Sabanejew, Annalen, 216, 262.) 

Pentnchlorethane CiHClj is prepared by 
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passing chlorine into triohlorethylene, preierably 
In the presence of actinic fays, from which it is 
Formed in almost quantitative yidd; aiter 
leashing with water and lime to remold excess 
of chlorine it is distilled in ^team and forms a 
liquid b.p. 169**, D= 1 *685, and in other respects 
slosely resembles tetracblorothane (Salzboigwerk 
ISevL Stassfiirth, Eng. Pat. 1105, lb 12). ft has 
somewhat similar solvent powers to the tetra- 
shlor compound, and is also very sensitive to 
Ukalis, yielding perchlorethylenc r.Cli. It 
does not attack metals in a dry state out does 
BO in the presence of moisture. (For other 
methods of preparation see Rognault, Annalen, 
33, 321 ; Pierre, Annalen, 80, 130 ; Patemb, 
Annalen, 151, 117 Mouneyrat, Bull. Soo. chim. 
[3] 19, 2G1.) 

Perchlorethylene (tetrachlorethylene) C9CI4: 
is prepared by treatihg pentachlorethane with 
milk of lime; b.p. 119", D= 1*624. Its other 

f roperties arc simitar to those of triohlorcthylene. 
t does not attack metals oven in a moist state 
and is stable to alkalis. It has a certain 
limited use as a cleaning agent for textiles. It 
is also a by-product in the manufacture of 
call... tet’*'ichloride (cf. Faraday, Ann. Chim. 
PhvB. [2] 18, 53 ; Regnault, Annalen, 33, 325, 
33^; Geuther, Annalen, 107, 212; 111, 175; 
Prudhomme, Annalen, 156, 342 ; SchifI, 

Annalen, 220, 97 ; Buigoin, Ann. Chim. Phys. 
[5] 6, 142 ; Geuther and Fischer, Zeitsch. f. 
Chemic, 1864, 269 ; Geuther and BrockhofF, J. 
pr. Ghem. [2] 7, 102 ; Goldschmidt, Ber. 14, 
929 ; V. Meyer, Ber. 27, 3160 ; Besson, Compt. 
rend. 118, 1347 ; Mouneyrat, Bull. Soo. chim. 
i3] 19, 182; Biltz, Ber. 35, 1529). Heating 
with fuming sulphuric acid yields trichloracetic 
acid (Prudhomme, Zeitsch. f. Ohomie. 1870, 
380 ; Biltz, Ber. 35, 1533). 

Hexachlorethane (Perchlorothane) CsClf is 

{ )roduced by exhaustive chlorination of the 
ower chlorinated ethane derivatives {cf. Fara- 
day, Ann. Chim. Phys. [2] 18, 48 ; Regnault, 
thta. 69, 165 ; Annalen, 33, 323 ; Hiibner and 
Muller, Zeitsch f . Chemio, 1870, 328 ; Mouneyrat, 
Bull. Soc. chim. [3] 17, 797 ; 19, 454 ; ibid, [3) 
17, 794 ; Michel, Zeitsch. angew. Chom. 19, 
1095). It is also formed on passing chloroform 
through a red-hot tube (Rams^ and Young, 
Jahr. d. Chemie, 1886, 628). It occurs as a 
by-product in the production of carbon tetra- 
chloride (V. Meyer, Ber. 27, 3160), and is formed 
from carbon tetrachloride by heating to 160" 
with amorphous arsenic (Auger, Compt. rend. 
145, 809), or by passing through a heated tube 
i(Kolbe, Annalen, 54, 147). 

It is formed readily by refluxing carbon 
tetrachloride with aluminium amalgam (Hof- 
mann and Seiler, Ber. 38, 3058), and is also 
formed by direct synthesis if an electric arc be 
formed in a chlorine atmosphere {v. Boltom, 
Zeitsch. f. Elektrochemie, 8, 169; 9, 209; 
Lorenz, Annalen, 247, 245 ; Zeitsch. angew. 
Chem. 6, 313 ; Zeitsch f. Elektrochemie, 8, 203). 
On a commercial scale it can be conveniently 
prepared by the exhaustive chlorination of 
aoetjdene tetrachloride in the presence of 
aluminium chloride {cf, Moun^at, l.e.). The 
Salzbetgwerk Neu Sta^iirth (D. R. P 174068) 
claim this production of the hexachlor compound 
by leading acetylene and chlorine alternately 
intb'^a heated mixture of sulphur chloride and 
VoL. I,— T. 


powdered iron. The same firm also claim a 
process for chlorinatii^ tetraohloroethane in the 
presence of an artificial source of light rich in 
actinic rays (Eng. Pat. 1105, 1912). The 
ponta-ohlor compound is formed at the same 
time and may be separated by allowing the 
mass to crystallise and then pressing the 
product. 

Hexachlorethane forms colourless crystals 
melting at 187" to 188" ; its b.p. is 185" so that 
it usu^ly sublimes without melting on being 
heated. Sp.gr. =2*091. It has a oamphor-like 
odour and is used to some extent in the expl^ves 
industry as a camphor substitute in the pi^ara- 
tion of safety explosives. Heated witn alkali 
to 200° it yields oxalic acid ; nascent hvdrogen, 
alcoholic alkali hydrosulpl^te, or heatmg with 
sUver to 280" converts it into perchlorethylene. 
Heating with antimony pentachloride to 
converts it completely into carbon tetra- 
chloride (Hahn, Ber. 11, 1735; Schroder, Ber. 

13, 1070 ; Berthelot, Annalen, 109, 121 ; 
Geuther, Annalen, 107, 212; 111, 174; Arm- 
strong, J. pr. Chem. [2] 1, 251 ; Geuther and 
Brockhoff, J. pr. Chem. 12] 7, 174 : Pmdhomme, 
Annalen, 156, 342 ; Hartmann, Bor. 24, 1023 ; 
Gossner, Zeitsch. f. Kryst. 38, 151) 

Heated in the presence of water it is con- 
verted gradually into perchlor-othylene. 

A general discussion of the above chlorinated 
derivatives of acetylene and their applicability 
in industry will bo found in the lohowmg : 
Chem. Zeit. 31, 1095; 32, 256; 35, 1053; 
J. Soo. Chem. Ind. 35, 94. 

Vinyl chloride (Chlorethyleno) CH, ; CHCl 
is produced by the addition of hydrochloric acid 
to acetylene in the presence of a 'suitable catalyst 
such as pumice sOaked in mercuric chloride. 
Hy<lrogen chloride and acetylene in molecular 
proportions are passed through tubes containing 
the contact moss heated to 180°. The vield is 
stated to be quantitative (Chem. Fab. Gnesheim 
Elektron, I). R. V. 278249, 288584, Eng. Pat. 
211.34, 1913). It is a colourless gas which 
condenses to a liquid in a freezing mixture. 
It is sparingly soluble in water, readily 
so in alcohol. In sunlight it polymerises to 
a transparent white mass (Regnault, Annalen, 

14, 28 ; Wurtz and Frapolli, Annalen, 108, 223 ; 
Baumann, Annalen, 103, 317 ; Glinsky, Zeitsch. 
f. Chemie, 1807, 076 ; Villard, Ann. Chim. Phys. 
[71 11, 387; Biltz, Bor. 35, 3524). So far it 
does not appear to have any special technical 
application. 

The diagram on next ^age may serve to 
illustrate the chief chemical transformations 
which acetylene may be made to undergo on a 
technical scale. 

AOBTYLBNig HOMOLOaUBS. 

The higher members of the acetylene series are 
of relatively slight importance. They may be 
made by the various general methods given for 
acetylene itself, such as by heating the mono- 
halogen derivatives of the ethylene series with 
alcoholic potash, &c. They may also be prepared 
by treating sodium acetylido with alkyl halides 
in liquid ammonia at —50" to —30" (l^beau and 
Picon, Compt. rend. 156, 1077 ; Picon, ibid. 
158, 1346). Another general method is de- 
scribed by Schlechter (D. R. P. 253802), who 
'Clairqs the production of dimethyl acetylene and 
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ethyl acetylene by beatinp; calcium carbide with | 
methyl or ethyl alcohols respectively, under 1 
pressure at 00® to 260®, the j)roduct8 obtained 
depending partly on the tempf’rature : 

CaCa-|-2(Ul,OH == Ca(OH)i,+C 4 H, 

The following members of the acetylene series 
have lx)on identified as occurring in coal-gas : 
allylenc, ethyl- acetylene, propyl-, isopropyl-, 
butyl-, isobutyl, methyl-ethyl, and methyl- 
propyl-ncetylencs, and crotonylene (Hnraer, J. 
f. (laslielouchtung, 67, 022). 

The Chem. Fabrik. Florsheim (Amor (-hem. 
Abstr. 1912. 1072) state that a general method 
for the prejiaration of the dialkyl acetylenes is 
to heat the monoalkyl acetylenes at 170® with 
alcoholic potash, the methyl alkyl acetylenes 
l^ing always formed. The reverse action 
takes place on boiling with metallic sodium. 

Methyl-acetylene, or Allylene, (’Hj l'iCH, 
is formed by the action of alcoholic potash on 
brompropyleiie : 

VH.mr : CH+KOII^CIIa CiCH l KBr+H,0 
also by acting with sodium on dichloracetone 
<*hloride : 

0H, CCl, CHCl,+4Na CH, 0 :CH4 4NaCl 
or by electrolysing the alkali salts of citraconic 
or mesaconio acids, or by the action of magne- 
sium on acetone vapour and treating the solid ] 
mass thus obtainea with water (Keiser, Amcr. ' 
Ohem. J. 18, 328 ; Desgrer., Bull. Soc. chim. [3] 
il, 391 ; liespieau and Chavanne, Oompt. rend. [ 
40, 1036). 


I Allylene is a colourless gas, b.p. —23 '5° ; 

1 m.p. —100®; very similar to acetylene and, 
like it, forming compounds with metals. The 
mercuric compound ((JJ,Hj)gIIg is obtained 
by passing allylene through water containing 
mercuric oxide in suspension. It crystallises 
from hot alcohol in lino needles. It is soluble 
in hydrochloric acid with evolution of allylene, 
but does not explode on heating (Reiser, l.c. ; 
Lessen and Dorno, Annalen, 342, 187 ; Plimpton 
and Travers, (3»em. Soc. Trans, 1894,204; Biltz 
and Mumm, Ber 37, 4417; Hofmann, Her 37, 
4450). The silver compound (0,H,)oAg forms 
microscopic needles which explode at about 160®. 

According to Bcrtlielot (Compt. rend. 120, 
601, 667, 009, 010) allylene when subjected 
to the silent electric discharge condenses to a 
solid with a pungent empyrciimatic odour; 
with nitrogen the substance is formed. 

Allylene forms with bromine additive 
products, CalLBr, and C,H 4 Br 4 , and with 
halogen acid comjiounds of the type CHa’CClg'CH,. 
Concentrated sulphuric acid absorbs allylene 
readily, and on distilling the solution with water, 
acetone, mesitylene and allylene sulphonic acid, 
CsH,SOsH, are formed (Schrohe, Ber. 8, 18, 
307). With hypochlorous and hypobromous 
acids, allylene forms dichlor- and dibrom- 
acetones, and irimethyl allylene vields the 
! halogen pinacolins (Wittorf, (3iem. Zeit. 23, 695). 

Bntlnes.— 1. Ethyl acetylene G,HB*CiCH. 
I Formed by the action of alcoholic potash on 
■ CgHjCClg-CIl, (Bruylants, Ber. 8, 412^ by 
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pftMiiig acetylene and ethvJene through a red- 
hot (Berthelot^ Ann. Chim. Phye. [4] 9, 
466) from dibrom-butane by the action of 
alcoholio potash (Dupont, Compt. rend. 148, 
1622). ^ 

The compound is a liquid boiling at 18^, 
and forms precipitatesewith ammi^iicnl copper 
and silver solutions ; f.jp. — 130^. 

With ammoniacal silver chloride a^d alcoholio 
silver nitrate it forms explosive compounds 
(Wislioenus and Sbhmidt, Annalen, 313, 221); 
it also yields a sodium derivative (Jociez, Chem. 
Zentr. 1897, i. 1012). 

2. CroionyUne or dimeihylacHyUnt 
CHa’CiC’CH, is formed by acting with 
alcoholic potash on j9y-dibrombutane 
C’.ir,*CHBr*CHBr-CH, ; by t e action of sodium 
ethoxide on monobrompseudobutylcno 
CH. CBr : CH CJCHa (Holz, Annalen, 260, 230) ; 
or by the decomposition of the salts of /9- 
bromoan^elio acid (Wislicenua and Schmidt, 
f.c. ). With bromine it forms a pr( xluc t O4H 4Br4, 
which is solid, m.p. 243° ; isocrotonyleno 
dibromide, b.p. 149° to 160°, is also known and 
ig not readily attacked by zinc dust (Wislicenua 
ana oci«mi.^b, l.c.). 

Crotonylio mono- and hydro- bromides, as 
well as the iodide and chloride derivatives, have 
also been obtained (Wisliccnns, Talbot and 
Henge, l.c. ; Peratoner, Gazz. chim. ital. 22, 
ii 86 ; Charon, Ann. ('ihim. Phys. 1899, 17, 
228 ; Favorsky, J. pr. Chem. [2) 42, 143). 

On shaking the nydrocarbon with sulphurio 
acid and water (3:1), hexamethyl bentwe is 
olitained, 

3C4H.= C„II„ = C.(CH,). 

The compound CHiC'C'CH, formed by the 
action of cupric chloride on copper acetylene, is 
described by Noyes and Tucker (Amcr. Chem. 
J. 19, 123) ; pentachlorbutino (’411(^5 by 

Zincke and Kuster (Ber. 26, 2104). Jlerivativos 
of the butines, some of which are used as dye- 
stuffs, are described by Freund (Bcr. 34, 3109). 

Pentines, CsHg, n-Pentine, prepared by 
Picon by the action of propyl iodide on sodium 
acetylide in liquid ammonia, is a liquid of 
b.p. 40°, and m.p. —96° (Picon, l.c.). 

Isopropyl ncetylinr, prepared by the action 
of alcoholic potash on the dinromide of isopropyl- 
ethylene or methyl-othyl-ethylcne, b.p. 116° 
(Kolinine, J. Buss. Phys. Chem. Soc. 38, 1042). 
Tn presence of aqueous solutions of cadmium or 
zinc chlorides at 160° it is converted quantita- 
tively into methyl propyl ketone (Kutschcrow, 
Ber. 42, 2760). 

On treating diallyl-tetrabromide with potash 
a liquid dtbromodtaJUyl is obtained, which boils 
at 210° and by the action of alcoholic notash 
this yields dipropargyl C4H4, a liquid boiling 
at 85° and isomeric with benzene, but haxing 
the constitution, 

CH:CCH4CH,.CiCH 

liopropenyl acetylene CH, ■= C(CH,— C=Cii 
forms a liauid, b.p. 67-69°, nD,o 1*4332, and is 
obtained oy dehydration of 3-methyl butinol 
{V.8.) by means cf anhydrous magnesium sul- 
phate at 230° C. (D.R P. 290668, Fr. Bayer & 
Co.). It gives a white precipitate with amroo- 
niacal silver nitrate and a ^llow precipitate 
with ammoniacal cuprous saUs. It is of some 


interest owing to its close relationship with 
isoprene. F. A. AJ. 

ACETYLENE--410M1IIERCIAL APPLICA- 
TIONS. Although acetylene was discovered by 
Davy as far bock as 1836, its use as an Uluminant 
liecamo practicable only in 1892, when Moissan 
in France, and T. L. Willson at Spray, showed 
that it was possible to make oaloium carbide on 
a commercial scale in the electric fumaoe. {f^et 
OiLOIUM Carbidk.) 

Calcium carbide, as made in the electric 
furnace, is a dark crystalline substance with 
a metallic lustre, having a density of 2*22. >The 
pilre compound, however, has been produced by 
Moissan in thin white semi-transparent plates, 
the colour of the commercial material being duo 
to the presence of iron andtither impurities. 

AVater decomposes the carbide witli repro- 
diiet ion of Iimo and generation of acetylene : 

CaC. 4* 2H4O =* Ca(HO), + CJI, 
Gah liiin carbide Water. Slaked lime. Acet.\ lone 

In the early days of carbide manufacture 
little attentitin was paid to the purity of the 
materials, with the result that the carbide 
fo'iiicd contained impurities, some of which 
wei ^ decomposed by water and gave products 
contaminating the aeotylone. Since the im- 
portance of purity in tlio acetylene has boon 
recognised, everything possible is now done to 
reduce siueh impurities to a minimum. 

The impurities found in commercial carbide 
may be divided into those which can bo decom- 
posed by water, and those on which water has 
no action. Amongst the former are siibatanoes 
evolving phosphorus compounds,on contact with 
water, aluminium sulphide, organic sulphur com- 
pounds and nictaUio nitrides : whilst the latter 
class contains such bodies as graphite, carbides 
of boron and silicon, oarbidos and silicides of 
various metals contained in the lime and in the 
ash of coke, these being left with the lime residue 
after the decomposition of the carbide by water, 
and in no way influencing the purity of the gas. 

'J'he purity of commercial acetylene depends 
primarily on the purity of the carbide from 
which it is generated, and as long os it is im- 
possible to gut absolutely pure materials for the 
manufacture of the carbide, so long will im- 
purities bo found in the ^as made from it. The 
most important of those impurities are : 

(o) i^osphoretted hydrogen, obtained from 
the decomposition of calcium phosphide, Ac., 
by water, and, in burning with the acetylene, 
gives rise to phosphorus pentoxide, which forms 
a slight hare in the room in which the gas is 
being burnt. 

(6) Sulphuretted hydrogen, formed by the 
action of water on aluminium sulphide, Ac., and 
yielding when burnt sulphur dioxide, which if 
dissolved by condensing moisture will absorb 
oxyfmn from the atmosphere, forming traces of 
sulpnuric acid. 

(e) Ammonia, from the magnesium nitride, 
which rapidly corrodes brass gas-fittings, and 
on burning produces traces of nitrogen aoi^. 

Silioiuretted hydrogen is also found in small 
quantities in crude acetylene. 

Several processes have been devised for the 
purification of acetylene by the removal of these 
compounds as well as of the hydrocarbon 
vapours formed by the polymerisation of the 



52 AOETTLENE— COMMERCIAL APPL CATION8. 


gM due to high temperature during generation. 
The only inApunty that offers any real difficulty 
in removal is the pbosphorctted hydrogen, and 
three siib^tanoeB have been euggested and u^d 
in practice for this purpose: (a) bleaching 
powder, (6) acid copper or iron salts, and 
(e) acid solution of chromic acid. 

The bleaching powder is employed in the form 
of, small lumps, as offering the least resistance 
to the flow of the gas when in a slightly mois- 
tened state. Its action is purely that of oxi- 
dation, the phosphoretted and sulphuretted 
hydi )gcn being converted respectively into phos- 
phoric and sulpburio acids, the acetylene being 
unaffected. To obtain as large a surface as 
possible the bleaching powder is sometimes 
mixed with an incr^ liody, such as sawdust or 
oxide of iron, but in whatever condition the 
blearlung powder la used the gas requires an 
after-punlication for the elimination of chlorine 
compounds, for which purpose a lime purifier is 
generally employed. 

Bleaching powder, though an efficient purify- 
ing agent when in gootl order, is apt to do un- 
certain in its action, and cases have frequently 
occurred of spontaneous firing and explosion 
when air has been admitted to purifiers con- 
taining this matfTia] that have been in use for 
some time, so that precautions arc necessary 
when using this method of purification. 

An acid solution of cuprous chloride, or solids 
made by impregnating kicselgUhr or similar 
porous bodies with the acid copper salt, are 
also very effective in removing the various 
impurities, the phosidioriis and sulphur com- 
pounds being transformed into copper phosphide 
and sulphide. The disadvantages of the process 
are that a second purification with lime is 
required to remove acid vapours, and lliat the 
material being highly acid cannot ho used in 
ordinary metal containers, whilst if the copper 
salt became neutralised by ammonia there might 
be danger of the ex])Iosiye copper acetylide 
being formed. Under suitable conditions 1 kilo- 
gram of the material will purify 20 to 25 cubic 
metros of the gas, the acetylene not being acted 
upon, and the action being regular and certain. 

(iiromio acid in solution containing suljihurio 
or acetic acid, or kicselgUhr charged with this 
mixture, is the third purifying agent, and 
eliminates the nhosphorotted and suliihuretted 
hydrogen and the ammonia. When exhausted 
the spent material can bo regenerated by 
exposure to the air. 

In practice these throe materials seem to give 
equally good results, and the passage of the gas 
through tlie solution or solid scrubs out of it 
to a great extent the tarry fog and lime dust 
often meohanically held in the gas when it has 
lieen generated too rapidly or at too high a 
temperature. 

Absolute purilioation is by no means neces- 
sary ; for ordinary use all that is required being 
to reduce the amount of impurif v below the limit 
at which the products of combustion are injurious 
to health or cause haze ; and with a fairly pure 
Bjiecimen of carbide mechanical sorubbiiig is 
suffioient if a generator of the non-automatic 
type is employed, and the gas is stored in a 
holder before use. 

Although the generation of acetylene b\ 
nringiug calumtn carbide in coiitaot witii watiV 


seems so simple, yet in actual practice it was 
complicated oy several diffioiuties, amongst 
which may be mentioned the heat of the 
reaction, which caused the polymerisation of 
some of the acetytme, and by the fact that the 
evolution of gas did not cease immediately 
the water si pply was c"t off, this being due to 
water mechanically held in the residue formed, 
to the dehydration of the calcium hydroxide 
by the unchanged carbide, as well M to the 
moisture condensed from the gas as*ihe tem- 
perature of the generator fell. 

Acetylene generators , — ^Tbese can be divided 
into two main classes — those in which water is 
brought in contact with the carbide, the latter 
lieing in excess ; and those in which the carbide 
is thrown into wa' the water being always in 
excess. The first class may be subdivided into 
those in which water is auowod to rise to the 
carbide, those in which it drips on to the carbide, 
and those in which a vessel full of carbide is 
lowered into water and then withdrawn as the 
generation of the gas becomes excessive. 

Koch of these types may be ‘ automatic * or 
‘ non-autornatic.* in the former are to be 
found devices for regulating and sto^ pir.^ mi; will 
the generation of the gas within limits, whilst 
the ^ non-automatic ’ variety aim at developing 
the gas from the carbide with as little loss us 
possible and storing it in a holder. 

The points to m aimed at in a good genera- 
tor are : 

(а) TiOw temperature of generation. 

(б) Comjpleto decomposition of the carbide. 

(c) Maximum evolution of gas from carbide 
used. 

(d) IjOw pressure in every part of the ap- 
paratus. 

(e) Removal of all air from the apparatus 
before collection of tlio gas. 

Generators of the ‘ drip ’ type, in which 
water is allowed to fall slowly ujion a mass of 
carbide, possess most of the disadvantages due 
to heat of generation, fluctuation of pressure, 
&o., and this type has been abandoned except 
for the smallest forms of portable generator. 
Those in which water rises to the carbide are 
most efliciont, and overheating can lie avoided 
by ensuring that the water never rises above 
that portion of the earhidc which is undergoing 
decomposition : in other words, that the gas 
leaves the carbide immediately upon its forma- 
tion and passes away to the holder with the 
least opportunity for becoming overheated by 
contact with decomposing carbide. 

Generators in which the carbide dips into 
water and is then withdrawn are apt to overheat 
to a dangerous extent, especially if the generator 
be over- driven. 

Although it might be expected that the 
dropping of tho carbide into an excess of 
water would produce the coolest and purest gas, 
yet evidimc© of overheating of the gas is often 
found in generators of this class, as a coating 
of lime can form around the lumps, preventing 
the free access of water, and allowing the 
interior of the mass from which generation 4s 
proceeding to become heated to redness; the 
efficiency alw is lowered as a certain amount 
of the gas is dissolved in its upward passage 
through the large volume of water. 

Tbeoretioally 64 parts by weight of carbide 
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requite only 36 po^ by weight of water for 
complete decomposition aivl conversion of the 
lime into hydroxide, but it is found in practice 
that, owing to the heat of the reactioi^ driving 
off some cu the water as steam, and a further 
portion meohamcally adher.|ig to the slaked 
lime, double this amount of water li necessary, 
and the only safe way %o ensure ^itire decom- 
position of the carbide is to add sufficient water 
to flood the residue. 

Carbide is also supplied in the form of 
'briquettes,* coated witn material to prevent 
deterioration in air; at the same time the after- 
generation of gas when the water supply is 
stopped is largely prevented. These brhiuoties 
are particularly ((uited for motor car ho^ight 
outfits and table lamps. 

CowhvLs’ion of aceiyUnt , — When acetylene is 
burnt in air under such conditions as to complete 
its combustion, it is converted into carbon 
dioxide and water vapour, the same compounds 
that are produced by all combustible liydro- 
carbona, 1 cubio foot of the gas requiring 2^ 
cubio feet of oxygen, or five times that amount 
of air. 

• • When acetylene was first used for illumina- 
tion, burners of the Union jet type (similar to 
coal-gas burners) were employed, some of those 
being of speoially small 8i7.e. In such burners 
the orificos for the issue of the ga.s were very 
small, and were drilled at a more obtuse angle 
than for coal gas. Burners of this typo, whilst 
giving good results for a time, soon developed 
a smoky flame, a filiform growth of carbon 
appearing on tho jot, so that tnoy were generally 
unsuibablo. 

Smoking is very likely to develop with 
acetylene, especially when tho gas is turned 
down. This is due principally to the poly rnei isa- 
tion of tho gas bv heat, producing iKjuld hydro- 
carbons (principally ben/ciu') aiul solid caiboii 
by decomposition, when the gas issuing from the 
small orificos becomes unduly heated. With 
a high efilux velocity sufficient air will he drawn 
in to ensure primary combustion close to tho 
orifice and tho trouble is largely overcome, but 
the reduction of the gas pressure prevents this 
action. An accumulation of particles of carbon, 
or other foreign matter, such os lime partulcs 
from the generator, will act similarly by impeding 
the gas flow, so that once carbon begins to form 
the actions leading to smoking rajiidly accclorato. 

On breaking open a steatite jet of a humor 
in which smokmg nas developed carbon deposit 
will be found to have extended to some depth, 
showing that a liquid hvdrocarbon has soaked 
into the steatite and been there further de- 
coD^sed by heat. 

The actions leading to the formation of tho 
lir|uid product in general arise at the jet, but 
with a bad type of generator, where over- 
heating takes place, polymerised products may 
be carried forward in tho gas, ana deposited in 
and around the narrow orifice in the steatite or 
other porous material. 

Attempts to overcome these difficulties w'ere 
on the lines of introducing air, either admixed 
with gas, which was soon c^andoned on account 
of dsmger, or constructing the burner so that 
air was drawn in through adjacent oriflees by 
the injoctor action of the is.siiing gas, a method 
adopted by BulUer (i39G<97). 


Ballier*a principle of making the ti[>B of the 
burner jots into small bmisens was ailoptcd by 
Dolan in America, and Billwiller on the ('oiiiiiiont. 

The Billwiller burner has two steatite arms 
rising at right angles from a common base 
from whioh the acetylene issued at two small 
oriflees exactly opposite each other and giving 
the double jet. Immediately above tho gas 
orifice a small platinum plate was 
fixed at a distance of i^out 0'5 
mm. from the steatite, with a 
bole in it rather larger than tho 
orifice in the steatite just below. 

The acetylene issuing from the 
hole in the steatite rushed throng li 
tho hole in tho platinum abovo 
and drew air in under tho plati- 
num plate. Tho air so drllwn in flowed to tho 
confines of tho rapidly travelling stream of 
acotyleno and passed upwards around it, so 
preventing contact between tho edge of tho 
nolo in the platinum and tho acetylono, whilst 
tho metal, being part of a collar of platinum 
fixed round each steatite arm, and being a 
good conductor of heat, prevented such heating 
as would load to the deposition of carbon from 
tho gas. 

m 1807 Dolan in America made a burner 
on tho same principle as the Billwiller burner, 
though of slightly dilteront oonstruotion. It 
consistod of a metal base, tho upright from 
wh.ch forked into two arms, which near their 
extremities woro bent inwards ut right angles. 
Those arms carried steatite or ' lava ' ti])M, 
bored wiili a fine hole from tho interior to tho 
base of tho mushroom head, where its diameter 
was mote than doubled, whilst four small lateral 
air tubes woro bored at regular intervals from 
tho base of tho lioad to tho broad aperture of 
tho nipple, with tho result that the flow of 
acetylene from tl»o narrow into tho wider tube 
sucked air m through tho side tubes and sur- 
louiiclcd the ascending gas with an envelope 
wluch prevented its contact with the heated 
tip. 'rhesc burners, wliich are more generally 
known os tho ' Naphey ’ burners, gave very 
good result.^, and liavo been more widely aiioptcd 
than tho Ihllwilh'r burners that preceded them, 
partly because tliey did away with the oxpenso 
of tho platinum, woro cheaper to mak(% and 
were less liable to break. 

Tho great drawback to ail the Naplioy tip 
burners u that tho heat from (ho flariio causes 
a slight and gradual wa/piug of tho iiietai 
mounting, with tho result that after a time the 
jets bocomo sligiitly thrown out of their true 
position, winch ut once distorts the flame and 
causes it to throw un smoky points. This 
trouble is not found witfi burnerH having steatite 
or composition arm'^, as those, being pix^ssod or 
cut, do not warp witli tho heat. 

These burners proved tho forerunner of a host 
of others in ail of which the same principle was 
adopted, one of the simplest and most popular 
being shown in Fig 2, whilst Fig. 3 is a section 
of tno same burner, showing tne construction 
and air inlets. 

Although these burners possess many advan- 
tages and can be used for several hundred hours 
without smoking, they have the drawback that 
the flame cannot bo turned do^n, as, after 
the flame has been left turned down for an 
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hour or two, it will be found that it will 
generally stait smoking when the normal con- 
Bunmtion is restored. 

m order to overcome this trouble Bray intro- 
duced a burner in which, by placing a second 
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air-supply chamber of larger dimensions above 
the first, such a complete encircling of the jet 
of gas by air was ensured that the variations 
in gas pressure caused by turning down the 
flame do not load to carbonisation. 

Another burner has been brought out m 
which the idea of air injection has been success- 
fully adapted to a slit burner: the gas issues 
from a series of fine holes placed below a cap 
provided with a broad slit and side air tuhulure, 
the gas drawing in sufllcient air in its 
jiassago through the slit to prevent 
smoking or canionisation of the burner 
(Fig. 4). Su(;h slit type burners are 
particulaily suited for use in motor-car 
headlights, &c. With twin jet burners 
an obstruction in one orifice may cause i 
. a somewhat long flame to issue from | 
^ ‘ the other orilice, which may impinge 

on lenses or mirrors situated close to the burner. 
The slit type is free from this disadvantage. 

From ine earliest introduction of acetylene 
attempts have been made to utilise it with 
incanaesecnt mantles, but under the pressures 
which arc usually obtained from the ordinary 
generating apparatus this has not proved success- 
lul. Acetylene, when consumed in an atmo- 
spheric burner, gives an excessively hot flame, 
not only on account of its composition, but also 
from its endothermic character. Several diffi- 
culties, however, are met with in trying to burn 
acetylene mixed witli air in suiliciont proportion 
to yield a non-luminous flame, namely : 

(a) The wide range over which such mixtures 
are explosive. 

(b) The low temperature of ignition. 

(c) The high speed at which the explosive 
wave travels through the mixture of gas and air. 

In order to make a bunsen burner for acetylene 
the tube has to be very narrow, and even then 
flashing back is very liable to occur, whilst a 
high pressure is needed to bring about a satis- 
factory mixture of the gas with sufficient air to 
ensure combustion with an absolutely non- 
luminous flame. The range of explosibility lies 
between 3 p.c. and 82 p.c. of acetylene in the 
mixture, and the propagation of the explosive 
wave cannot be stopped by the ordinary device 
of using wire gauze, on account of the low 
ignition point of the mixtures. By usmg a tube 
i mm. in diameter the explosion ceases to be 
propagated at all, but such tubes, on account of 
their small diameter, cannot be utilised smgly. 
The difficulty can be surmounted by using a 
bundle of small tubes united to form a single 
burner, or by employing a large tube having a 
oonstriotion at one point of not more than 6 mm. 
diameter. The diameter of the tube at the 


constriction must be in a definite proportion to 
the particular mixture of air and acetylene con- 
sumed, as the more air the greater must be the 
constriction in the strangulated portion of the 
tube, owing to the increased velocity of the ex- 
plosive wave. 

With an acetylene bunsen, and using a 
Wclsbach M > 2 mantle, as mnoh as 90 candles 
per cubic foot of acetylene has been obtained. 
It may be aken that when used with a mantle 
acetylene ivill give double the illuminating power 
per cubic foot as compared with* the light 
obtained when the gas is burnt in the ordinary 
acetylene flat-flame burners under the best 
conditions, but very widely different results 
have been obtained, owing to irregularities in 
the x^ressure or lack of air regulation, and at 
the moment of lip'iting or turning out there is 
a liability of a small but violent explosion, 
which has disastrous effects upon the mantle. 
A further difficulty is caused when phosphoretted 
hydrogen is present as an impurity, for this 
leads to the ^rmation of fusible phosphates of 
thorium and cenum, with consequent destruc- 
tion of the mantle. Apart from these con- 
siderations, the mantle appears to be hardened 
and strengthened by the intense he't -..Licii 
it is subjected, but it is not yet determined 
how the life of the mantle is affected by the 
temperature of the flame. 

Under the light yielded by the combustion of 
acetylene colours axjpear practically the same 
as in daylight, and aJl tints and shades can bo 
as clearly distinguished from one another as in 
sunlight. For this reason the gas has been 
found to be of invaluable utility in dyeing and 
colour printing. The spectrum of acetylene, 
however, olthougli the same as that of daylight 
for red and yellow, has an increase in the tdue 
rays of 0^46, which brings them to about the 
same value as the Northern Light. The violet 
rays show a slight increase, so that acetylene 
IS even richer than sunlight in the rays which 
are so essential to the clieinical action of light, 
and yet the rod rays which are so detrimental 
in colour work do not predommate, as in the 
electric arc. 

Acetylene has been found of great service in 
the illumination of small towns and country 
villages, and for isolated houses and farms. It 
has been employed in pliotography on account 
of its richness m actinic rays. For headlights 
on motors, for train lighting, for buoys, and 
in fact in a number of cases where bright and 
trustworthy light is required without the com- 
plication of a coal-gas works or the dangers of 
oil, acetylene has proved its worth. 

It has been found that the rays from an 
acetylene light possess remarkable penetrative 
powers in fog or mist, being in tiiis resxiect 
superior to the arc light or incandescent mantle. 

Storcige of dissolved Acetylene , — In the early 
days of the development of acetylene for com- 
mercial purposes attempts were made to employ 
it in a uquolied form or compressed, but under 
pressure the gas proved too dangerous. Even 
at 2 atmospheres pressure acet^dene free from 
oxygen can be exploded. It was enacted in 
1807 that the gas should never be subjected to 
a pressure exceeding 100 inches of water (about 
4 lbs. per square inch) ; later this was raised 
to 260 inches. 
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In 1896 Claude and Hess, in France, si^- 
gested the idea of making, use of the solubility 
of acetylene in certcun liquids as a means of 
storing this gas, and acetone was trie<^ as the 
solvent. Acetone dissolves 24 times its' volume 
of acetylene at 16° and un^cr ordinary atmo- 
spheric pressure, the solubilitv increasing pro- 
portionatf'ly with pressure. The volume of the 
acetone also increases very largely. It was 
foimd that the simple solution of Acetylene in 
acetone, although less liable than the com- 
pressed or liqueued acetylene to explosion, 
could not be said to be sufficiently free from 
danger to admit of its general use. Janet and 
Fouche discovered that when acetylene is 
dissolved in acetone absorbed by porous material 
of the right kind* under 10 atmospheres pressure, 
it was imoossible to prodi ‘e explosion. The 
practice in tiiis country for the storage of 
acetylene is to till a cylinder with porous material 
(porosity about 80 p.c.), then to add a volume 
of acetone equal to 40 p.c. of the original 
cylinder volume, and pump in the gas to a 
pressure of 150 lbs. per square inch. In 1001 
this was fixed as the legal pressure limit. Thus 
a cylinder of 1 cubic foot capacity containing 0*4 
cuDic fuOt, jf acetone will hold 100 cubic feet of 
the gas, most of wliich will bo given o£E when 
the valve is opened. 

There are piactically only three porous ma- 
terials in use for absorption of dissolved acety- 
lene m the United Kingdom : (a) a porous 
agglomerate of asbestos, kicsclguhr, and cliar- 
coal, and a suitable cement ; (6) charcoal hlhng ; 
(r) kapok filling. The porosity should not exceed 
80 p.c. The solvent must not completely fill the 
porous material under any rise of temperature 
likely to be experienced. With the present type 
of cylinder, the pressure at present allowed, i.p. 
150 lbs. per sq. in., should not bo increased ; for 
solid drawn cylinders and for those of 100 cubic 
feet capacity and over in which the acetylene- 
welding at the top and bottom is strengthened, 
the pressure allowed might safely be mereased 
to 225 lbs. per square inch provided a solvent 
is used m addition to the porous material. 
The best material for the construction of 
cylinders is a mild steel of high ductility, of 
which the carbon content does not exceed 
0‘25 p.c. and the phosphorus and sulphur each 
do not exceed 0‘05 p.c. The test pressure 
should bo four times the working pressure and 
should be maintained for not less than fifteen 
minutes (Home Office Report, J. Soc. Ohem. 
Ind. 1918, 116A). 

Acetylene Weldmg and Metal CtUiing.— Acciy- 
lene is largely employed for autogenous welding 
and for meted cutting ; in the latter caao extra 
oxygen being supplied so that the metal itself 
is burnt away. The temperature of the oxy- 
acetylene flame is approximately 3000°, and 
from the nature of the combustion the flame 
has a reducing action tending to exclude the 
possibility of oxidation of the metals undergoing 
treatment. Theoretically 2*5 volumes of oxygen 
are required for each volume of acetylene, but 
in practice it is found that the proportions are 
approximately 1 *4 to 1 *0, this low proportion of 
oxygen ensunng a reducing action in tne flame. 

There are two systems of operating : in the 
high-pressure system the oxygen is delivered 
frpm an ordinary cylinder unefer pressure, and 


the acetylene, dissolved in acetone under 
pressure, is also supplied from cylinders. Both 
cylinders are fitted with special governors, as a 
perfect ret^ulation of the flame is one of the 
main conditions of success. This system has the 
great advantage of a portable outfit, and can 
be applied in confined spaces, but it is more 
expensive than the alternative system. 

With the low-pressure plant the acetylene is 
made in an ordinary generator, which may bo 
of the automatic or non-automatic type, the 
size of the works to a great extent influencing 
tho kind of generator used, but, whatever typo 
be adopted, it is necessary that the ffen^tion 
of tho gas should not be accompanied by over- 
heating, as this loads to low temperatures at tho 
burner and other troubles. The gas should bo 
purified before use, os Sho presence of the 
phosphorottod and sulphurettqd hydrogen would 
tend to spoil the uold, and the purifying agent 
should bo renewed when necessary. After 
leaving tho purifiers tho gas is distributed to the 
various points in the workshops in gas- or 
steam -barrt'l piping, and at each point a hy- 
draulic back- pressure valve is inserted, in order 
to prevent the oxygen through any mischance 
flowing back through tho acetylene service. Tho 
uso of an officient water- trap is a sufficient safe- 
guard in practice. 

Tho first successful blowpipe was the Fouche, 
employed with tho low-pressure system, and 
this type has hold its own in spite of the com- 

{ letition of other patterns. After the wold has 
icon made tho plate is annealed, this being 
OBsential. Although the results of tests up to 
tho presont are not very consistent, it may bo 
taken that, on tho average, tho welded joint 
has a tensile strength from 95 to 80 p.c., 
dejiending on tho thickness of the plate. 

There are many classes of work in which 
oxy-acctylcno welding can be advantageously 
employed, in tlio motor-car industry, both 
in the garage and repair shop, it has proved of 
great service, it beuig a comparatively simple 
matter, for instance, to mend a cracked cylinder 
or gear-box. For tho welding of tubes, repairs 
to boilers in ailu needed by corrosion, &c., 
for the mending of fractured stems and stern 
posts, tho process has boon invaluable. 

Iron and steel (including thick armour plate) 
are now commonly cut with oxy-acetylene blow- 
pipes with great saving in time and cost. The 
method is not so suitable for cast-iron. The 
blowpipes are made with a central oxygen supply 
jet, tlio acetylene serving to heat the metal to 
its ignition point, when tho excess oxygen bums 
it to oxide, which flows away in a molten 
condition. Tho ratio of acetylene to oxygen 
employed varies from 25 p.c. for thin plate to 
10 p.c. for the thickest. The following rates of 
cut and oxygen consumption are attained : — 


Thickness 
of plate. 

Foot run of cut 
per hour. 

Oxygen consumed 
pec ft. riui. 

1 

40 

2*2 

3 

20 

9*0 

6 

18 

28*0 

9 

16 

60*0 

12 

16 

100*0 
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AceiyUneJof Pouer Purposes. — Owiog to the 
violence of the explosion when mixed with air 
acetylene is liable to give unduly high pressures 
in the cylinders of internal combustion engines. 
Moreover, it is too expensive to compete with 
other fuels. Tests on engines of a few horse- 
power have shown consumptions of about 
6*3 cubic feet per B.H.P. hour. It has, however, 
been successfully employed, particularly m the 
’ Ur 'ted States, for starting up motor car engines, 
the advantage of the gas for this purpose is 
obvious where it is carried in the compressed 
form (in acetone) for the usual lighting sets. 
The ^olence of the explosion has to be guarded 
against, otherwise damage to the engine may 
result. J. 8. 8. B. 

ACBTYUAUCYLJIC ACID r. S aucyuo Acib. 
ACHRODEXTRIN v. Dextrin. 

ACHYRANTHES ASPERA or Aghara, An 
Indian plant used as a simple and as a remedy 
for toothache. 

ACID ALBUMEN v. Proteins. 

ACID ALIZARIN, -BLUE, -GREEN r. Au- 

ZARXN AND ALLIED COLOURINQ MATTERS. 

ACID CERISE V. Trifhenylmethank 

COLOURING matters. 

ACID GREEN v. Tbifbsnylmetuane 

COLOURING MATTERS. 

ACIDIMETRY and ALKALIMETRY. This 
branch of quantitative analysis dealing with the 
estimation of acids and alkalis is of great 

technical importance. In pure aqueous solu- 

tions the amount of acid or alkali can usually 
bo ascertained with considerable accuracy by 
determining the spccidc gravity of the liquid 
at a definite temperature and referring to a table 
especially drawn ujp for this purpose. 

Direct estimations may also be made by 
suitable gravimetric methods, but volumetric 
processes are almost exclusively employed, and 
are indeed the only methods available for 
distinguishing between free and combined acid 
or alkali. In those operations the quantity of 
acid or alkali present is calculated from the 
amount of standard alkali or acid required 
respectively to neutralise it exactly, the precise 
point of neutralisation being determined by 
the addition of a small quantity of an indicator^ 
i.e. a substance which by undergoing a marked 
change of colour renders evident the transition 
from acidity to alkalinity, or vice versd. 

Indleators. Although many natural and 
artificial colouring matters have been recom- 
mended as indicators, comparatively few are 
actually used, those most frequently employed 
being methyl orange, phenolphthale^n, and litmus. 

Artificial indicators are either very weak 
organic acids or (more rarely) weak bases, and 
the prevalent view regarding their behaviour is 
that in solution their colour in the non- ionised 
state differs from that which they exhibit in 
the ionic condition. 

In accordance with the ionic theory of solu- 
tion, a very weak acid HM exists in solution, 
mainly, but not entirely, in the non-ionised state, 
the equilibrium between ions and undissociated 

molecules HM^H+M being expressed quanti- 
tatively by the equation 
- + 

M X H/HM « constant 

ir which the symbols denote the molecular con- 


oentrawions of the ions and molecules, and where 

— + 

as in the case under discussion M and H are very 
small in comparison with UM. ^ 

Any increase in the value of H, which is 
effected by adding a small quantity of a fairly 

* strong (ionised) acid to the solution, leads to .a 

corresponding diminution in the value of M. 

• The revers./ change, leading to an increase lo 

' the value of M, iMth a corresponding decrease 

I + 

in the value of H, is effected by adding a ^ht 
' amount of a fairly strong (ionised) alkali by- 

droxide, since the equilibrium HxOHsconstant 
obtains in aqueous f jlutions, and the alkali added 
increases considerably the value of the factor 

OH. If the acid HM and the ion M differ in 
colour, then, in any solution containing this 
acid a change from acidity to alkalinity, t.e. from 
+ — 

a state in which H predominates over OH to the 
reverse condition, may be indicated b}' an appre- 
ciable change of colour. The degree of io'^'': 
dissociation of the indicator HM musb, iiowever, 
be considerably smaller than that of cither acid 
' or alkali employed in the titration ; moreover, 
another acid IIR, having a smaller degree of 
I ionisation than HM, will indicate the transition 
I with even greater precision, providing that the 
! recognition of the colour-change is not more 
difficult. The quantity of indicator employed 
must be so small that the amount of alkali 
required to noiitraliso it is negligible. 

For Theory of Indicators, v. Ostwald (Scien- 
tific Foundations of Analytical Obeniistry, trans- 
lated by McOovan), Kustcr (Zoitscb. anorg. 
Chom. 1897, 13, 127), Waddell (J. Phys. Chem. 
1898, 2, 171), VaiJlant (Compt. rend. 1903, 130, 

, 1192), Stieglitz (J. Amor. Chom. 8oc. 1903, 26, 

I 1112; Aracr. Chem. 1908, 39, 651 ; 1909, 42, 

I 11.5), McKoy (Amor. Chem. J. 1904, 31, 603), 
Heuitt (Analyst, 1908, 33, 85), 8alm (Zeitfsoh. 
physical. Chem. 1906, 67, 471 ; Zeitsch. £lek. 
Chem. 1907, 13, 125), Salessky (Zoitsch. £lek. 
Chem. 1904, 10, 204), Fels (ZeiUoh. Elek. Chem. 
1004, 10, 208), 8choorl (Cnem. Zentr. 1907, i 
300, 502, 585), Hantzsch (Ber. 1007, 40, 1566 ; 
1908,41, 1187; 1916, 48, 158), Rohland (Ber. 
1907, 40, 2172), Acree (Amer. Chem. J. 1908, 
39, 528, 649, 789), Honda (Ber. 1909, 42, 3179) ; 
and cf. Noyes for the physico-chemicsd theory ( J. 
Amer. Chem. Soc. 1910, 32, 816), Wegseheider 
(Zeitsch. physikal. Chem. 1915, 90, 641). 

Indicators may be divided broadly into three 
classes: (i.) Those inseiuitive to very weak adds, 
such as carbonic, boric, and hydrosulphuric 
acids ; these indicators comprise among others 
methyl orange, laemoid, cochineal, and iodoeosin, 
(ii.) Those somewhat sensitive to weak acids, 
although as a rule these acids cannot be 
accurately titrated with their aid ; if weak 
volatile acids such as carbonic acid ore re- 
moved by boiling, these indicators act like 
those of the first class towards fairly strong 
acids and bases. Litmus is the chief represen- 
tative of this group, (iii.) Those highly sensitive 
even to weak adds. This class contams phenoL 
Mhalein, turmeric, and rosalic acid (v. Glaser, 
kitsch, anal. Chem. 1899, 38, 273; Wagnor, 
Zeitsch. anoig. Chem. 1901, 27, 238). 
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The mere impertaot indicators a.e de- 
Msribed below in alphabetidU order. 

Allrin {Commercial or fora- Rosalie add) 
is a mixture of several substances, {'x>duced 
by heating together phenol and oxalic and 
iulphurio acids ; it appears in commerce in 
yellowish-brown resinous lumps. A 1 p.c. solu- 
tion in 60 p.o. alcohol is Wployed, v\*5 o.c. being 
lulded to the solution to be titrate. In acid 
mlution the colour is ^ale ytUow, In alkaline 
solution rose-red. This indicator is very sensi- 
tive and well adapted for titrating barium 
hydroxide solutions, out it is affected by carbon 
dioxide and hydrogen sulphide. 

Cochineal. The colouring matter in the 
product obtained from the o&ied female insect 
Coccus cacti (Linn.), is tern^d camunic acid» 
The best t.ado product, which is called ‘ silver 
cochineal,* was first recommended as an indicator 
by Luckow (J. pr. Chem. 1801, 84, 424 ; Zeitsch. 
anal. Chem. 1862, 1, 386) ; 3 grams of the sub- 
stance (not pulverised) is extracted with 260 c.c. 
of dilute alcohol ( 1 vol. alcohol : 3-4 vols. water), 
and the clear liquid decanted. In alkaline solution 
the colour is violet, in acid yellomsh-red. This 
h.J'cator. uhich is very sensitive to strong acids 
and bases, is extremely useful in titrating 
ammonia ; it is scarcely affected bv carbon 
dioxide. The colour-change is well denned even 
iir artificial light. Cochineal is, however, useless 
for titrating organic acids ; and iron, aluminium 
and copper sedts must be absent, since their 
solutions remain pink even when acid. 

Cureumln ( Turmeric yellow). The colouring 
matter from tlic roots of Curcuma lonya (Linn ) 
IS turned yfWoa by acids and reddish-brou n by al- 
kalis; it is nearly always oni ployed &»a.tcf't-paper, 
and is useful in detecting ammonia and bone a( id. 

Galleln {Alizarin violet, PyrogallolpJUha- 
leXn), This compound, prepared by heating 
together pyrogallol and phthalio anhydride 
(Baeyer, Ber. 1871, 4, 467, 666, 603), was pro- 
posed as an indicator by Dechan (Pharm. J. 16, 
849). A 0*1 p.c. alcoholic solution is used, 
10 drops being added to 100 c.c. of liquid. In 
alkaline solution the colour is reddish-violet, in 
acid pah-broum. This indicator is scarcely 
affected by carbon dioxide, and can be used in 
the accurate titration of organic acids. 

lodoeosln { TeiraiodofluoreseeXn, Erythrosin 
B.), This substance, prepared by iodating 
fluorescein, is a briok-red powder soluble in 
hot alcohol or in ether, but almost insoluble 
in water or cold alcohol ; it was first recom- 
mended by Mylius and Forster (Ber. 1891, 24, 
1482) ; 0*5 gram of the sodium derivative of 
iodoeosin is dissolved in 1 litre of water, 2'«'T c.c. 
are added to the solution to be titrated together 
with 6 0 . 0 . of chloroform, the ipixture being 
shaken in a stoppered bottle during titration. 
While alkaline the aqueous layer is rose red, 
when acid the aqueous layer becomes colourless, 
and the chloroform assumes a yellowish tint 
(Ellms, J. Amer. Chem. Soo. 1899, 21, 369 ; M. 
and F. used ether instead of chloroform). With 
this indicator, centinormal or even millinormal 
solutions can be titrated ; it is indifferent to car- 
bon dioxide, and phosphoric acid con be titrated 
as a monobasic aoia with sodium hydroxide 
(Glficksmann, Chem. Zentr. 1902, (i.) 1131). 
Feeble bases, such as the alkaloids, may also 
be titrated, using iodoeosin as indicator. 


Laomoid {Resorcin Blue), This substance 
is obtained bv heating gradually to 111)*’ 
a mixture of 100 parts of resorcinol, 6 parts 
of sodium nitrite, and 6 parts of water. When 
the violent reaction moderates, the mass is heated 
to 1 16^-120* until evolution of ammonia oouscs. 
The product is a glistening reddish powder 
(Traub and Hock, Ber. 1884, 17, 2616). It owes 
its distinctive properties to laemosol, whicJi can 
bo isolated and purified by a method desorihed 
by Hottingor (Bioohom. Zeitsch. 1914, 66, 177). 
The turning-point of the pure indicator is far 
sharper than that of the ordinary preparation. 

A 0*3 p.o. alcoholic solution is employ^ ; a 
betti'r colour change is produced if 6 grams of 
uaphthol green aro dissolved in a litre of this 
solution (Zeitsch. angow. Chem. 1890, 3, 163). In 
alkaline solution the colour is blue ; in acid, 
red. Although theso colour changes resemble 
those of litmus, the indicator is more closely 
allied to methyl orange. It is only slightly 
affected by carbon dioxide, although diroct 
titration of carbonates is not satisfactory in 
cold solution ; laemoid test pajicr may, how- 
ever, bo used ill almost any experiment for 
which methyl orange is suitable. This indicator 
is useless for organio acids. 

Litmus occurs in commerce in the form of 
small cubical granules mixed with a large pro- 
portion of calcium carbonate. An aqueous solu- 
tion of this product not only contains free alkali, 
but also a variable proportion of colouring 
matters wiiioh inlorforo with the delicacy of the 
reaction. Bpcciul precautions must therefore bo 
taken in preparing the solution for use in 
ucidirnotry. Various processes have boon recom- 
mended by Borthc'lot and De Flcunou (Ann. 
Chim. Phys. 1866, 14] 6, 189), Wartha (Ber. 1876, 
9, 217), Mohr (Titrirmotbode), Lubtko (Zeitsch. 
anal. Chem. 1892, 31, 692). The following method 
gives excellent results : The litmus is extracted 
throe or four times with boiling metliylated 
alcohol of 85 p.c. in order to remove the injurious 
colouring matters, the ro.siduo is extracted with 
cold water, slightly acidified with sulphurio acid, 
and boiled to expel carbon dioxide. The extract 
is neutralised with baryta water, a few bubbles 
of carbon dioxide passed in to remove excess of 
baryta, and the liquid again boiled and filtered. 
The solution should contain about 20 grams of 
solid matter per litre, and must be kept in vessels 
to which the air has free access. If kept in 
closed vessels it undergoes fermentation and is 
decolourised. The colour is restored when the 
liquid is exposed to air. The colour of the 
solution should be purple ; it turns blue with 
alkalis, and red witn acids, and is affected by 
carbon dioxide, sulphur dioxide, and hydrogen 
sulphide. (For the relative merits of litmus and 
methyl orange, v. Rcinitzer, Zeitsch. angew. 
Chem. 1894, 647, 674; Lunge, ibid, 1894, 
7330 

The colour change is rendered more dclioato 
by conducting the titration in the monochro- 
matic light obtained by heating a bead of sodium 
carbonate in a bunsen flame (L, Henry, Compt. 
rend. 1873, 76, 222). The r^ solution seems 
colourless, whUst the blue solution is almost black. 
Litmus is not well adapted for use by gas- or 
lamp-light. 

luteol. The preparation of this substance, a 
hydroxycIMorodiphenylquinoxaline, is desoribed 
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by Autenrieth (Aroh. Pharm. 1885, 233, 43), and 
by Glaesa and Bemard (Mon. ScL 1900, 14, 809); 
it forma fine, woolly, yellowish needles, m,p. 246*. 
A 0*33 p.o. alcoholic solution is used as an itidi* 
oatoT. In alkaline solution the colour is yellow ; 
in acid it U colourless, lliis indicator is said to 
be remarkably sensitive, excelling Nesaler's solu* 
tion as a test for ammonia ; but it is sensitive 
to carbon dioxide (Higgins, J. Soc. Chem. Ind. 
IQOO, 10, 068). It was especially recommended 
by Autenrieth for use in KjehldahPs process (t*. 
Analysis). 

Methyl orange {Helianthtn, 'Poirrur's Orange 
IJIff, This substance, prepared by diazotising 
sulphanilic acid and coupling the resulting dia/.o- 
nium salt with dimethylaniline, w'as introduced 
as an indicator by Lunge (Bcr. 1878, 11, 1941 ; 
J. Soc. Chem. Ind. TL882, 1, 16). One grain of 
pure methyl orange (either the free a< jd or its 
sodium salt) is dissolved in 1 litre of water, and 
two drops of this solution arc added in each 
titration ; if, owing to dilution during the 
titration, the colour necomos too faint, another , 
drop of the indicator is added ; on no account 
should too much indicator bo u<jed, since the 
colour change, from yellow in alkaline to pink 
in acid solution, is not sharp in such circum- 
stances. Methyl orange is exceedingly useful, 1 
since its indications are practically unaj[Iectcd| 
by the presence of carbonic, hydrosulphuric, j 
boric, and silicic acids ; carbonates and sulphides 
may therefore be titrated in cold solution as if 
they wore hydroxides. All titrations must be 
made with this indicator in cold aqueous solution, 
and, since methyl orango is not very sensitive as 
compared with various other indicators, the acid 
or alkali ernjiloyed should bo fairly concentrated. 
It is advisable to employ normal solutions, 
though with N/2 or even N/5 solutions it is 
possible to deternune an end-point to within a 
single drop. With N/IO solutions, especially 
when carbonates are being titrated, there is a 
distinot brownish transition tint betucen the 
yellow and pink, and results may bo uncertain 
to the extent of one or iuo drops (r/. fluster, 
Zoitsch. anorg. Chem. 1807, 13, 140). 

The addition of indigo-carmiiie to methyl 
orango has been recommended by Luther (Chem. j 
Zeit. 1007, 31, 1172), who states that the colour I 
change is very pronounced. Ktliyl orango is ' 
stated by Wioland to be oven better than methyl 
orango (Bor. 1883, 16, 1080). ! 

Methyl red. This substanoe, prepared by • 
diazotising aiithranilio acid and coupling the < 
resulting diazonium salt with dimethylaiiilme, i 
was introduced as an indicator by Hupp and 
Loose (Ber. 1008, 41, 3906). A 0-2 p.o. alco- 
holic solution is employed, and two drops of 
this are added in each titration. The colour 
change is from a pure yellow in alkaline to a ' 
reddish-violel in acid solution, and is very pro - 1 
nounoed. This indicator is very sensitive, and , 
can be used for titrating weak bases in cciiti- 
normal solution. Ordinary sodium hydro .\ido 
solutions containing a little carbonate can be 
accurately titrated in the cold. 

Aooon^g to Thomson (Analyst, 1014, 39, 
618) methyl rod gives a sharper end point than 
methyl orange, and its sensitiveness, unlike 
that of methyl orange, is not greatly atieoted 
by the presence of neutral salts. When methyl 
.rM is used in the titration of carbonates, the 


solutk n must be boiled after each addition of 
the acid. See also ^Aihmann and Wolff, Arch. 
Pharm. 1917, 256, 113. 

For observations on the behaviour of indi- 
‘ Gators of the methyl-red type, see Howard and 
I Pope, Chem. Soc. Trans. 1911, 1333. 

I Phenacetolin, first recommended by Degener 
' (Zeit. d. Ve f. d. Riibejzucker Industrie, 1881*, 
357 ; J. So". Chem. Ind. 1882, 1, 85), is prepared 
by boiling together for several hours molecular 
proportions of phenol, acetic anhydride, and 
sulphurio acid. The product is extracted with 
water to remove excess of acid, dried and dis- 
solved in alcohol in the proportion of 1 gram to 
600 c.o. It is pale ytlldw with alkalis, red with 
carbonates' of the alkalis and alkalme eartlis, 
colourless or pale vellow with acids. It is used 
for estimatmg bcuh hydroxide and carbonate 
when present in the same solution. 

Phenolphthalein, obtaim d by heating phenol 
with phthalic anhydride and concentrated sul- 
phuric acid (Bac^ycr, Annalen, 1880, 202, 60), 
was proposed as an indicator by Luck (Zeitsch. 
anal. Chem. 1 877, 16, 322). One or two drops of 
a 0*5 p.c. alcoholic solution are used in each 
titration. In alkaline solution the colour is re^f • 
the acid solution is colourless. Owin^ vsj its very 
weak acid character, phenolphthalein is the 
indicator par excellence for organic acids ; it 
is useless, however, in the presence of am- 
monium salte, and since oven carbonio and 
hydrosulphuric acids discharge the red colour, 
it is necessary to woik with solutions free from 
these acids or titiatc in boiling solution ; hence 
its use is somewhat rcsiiicted (c/. Me Bain, 
Chem. Soc. Trans. 1012, 101, 814). A con- 
venient method of titrating orgamc acids with 
ordinary sodium hydroxide solutions using 
phenol plithaio in as indicator, is described by 
Philip (Chem. Soc. Trans. 1906, 87, 901); cf. 
McCoy (Amer. Chem. J. 1004, 31, 603); and 
SchinatoIIa (Ber. 11K>2, 35, 3005). 

Turmeric r. Cihu lmin. 

Many other indicators have been proposed 
from time to time, among others the folloAving : — 

Alizarin (ISchaul, Ber. 1873, 6, 1180); 

Altzann-ied 1. W.S. (Knowles, J. Soc. Dyers, 
1007, 23, 120) ; Congo-red', cyanine (Schonbein, 
J. jir. Chem. 1805, 06, 449 ) ; cyanogen iodide 
(Kastlo and Clark, Amer. Chem. J. 1903, 30, 87) ; 
diaminazoatoluenesul phonic acid (Troeger and 
Hille, J. pr. Chem. 1003, 68, 297) ; Jerric salicylate 
(Weiske, J. pr. Chem. 1876, 12, 157 ; Wolff, 
Compt. rend. 1900, 130, 1128; Gerock, Chem. 
Zentr. 1000, ii. 1294) ; favesetn (Lux, Zeitsch. 
anal. Chem. 1880, 10, 457) ; fluorescein (Kruger, 
Ber. 1876, 0, 1572 ; Zellner, Chem. Zeit. Rep. 
1901, 25, 40) : hvematoxylin (Wildenstein, Zeitsch. 
anal. Chem. 1863, 2, 0) ; melanil yellow (Linder, 
J. Soc. Chem. Ind. 1008, 27, 485); methyl 8- 
aminofjuinoline (Stark, Ber. 1907, 40, 3434); 
extract of mimosa flowers (Robin, Compt. rend. 
1004, 138, 1046) ; para-nitrophen<d (Langbeck, 
Chem. News, 1881, 43, 161 ; Spiegel, Ber. 1900, 
33, 2640 ; Zeitsch. angew. (Dhem. 19()4, 17, 715 ; 
Goldberg and Naumann, Zeitsch. angew. Chem. 
1903, 16, 644) ; paranitrcl)enzeneazo-u-naphthdl 
(Hewitt, Analyst,. 1008, 33, 85) ; and Poirrier's 
blue C4B (En^el, Compt. rend. 1886, 102, 214) ; 
2‘5- Dinitroqutnol (Henderson and Forbes, J. 
Amer. Chem. Soo. 1910, 32, 687) ; di-o-hydroxy- 
Hyryl ketone (lygosin) (Ferenz); l-oxynaphtho^ 
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ehinomethane (Nieienstein) ; 6-#ttipAo-a-}iopA<Ao2- 
lH»M-m-A^roa^&£fi 2 otcac^(Mellet) ; 2‘6-dtm‘<ro- 
aminofhtmol {isopicramw acid) (MeldoU and 
Hale) ; tUizarinmonosulphonic acid (K|LOwle8) ; 
myrtle berry (Vacciniua myriiUus, L.) juice, the 
oolouxing matter of which a^nocyanin, the 
red colouring matter of wine; red beetroot 
extract (Chauviezie). 


The relative aensitiveneis of the more im« 
portant indicatoie and their behaviour under 
various conditions have been investigated by 
Wieland (Ber. 1883, 16, 1980), and especially 
by Thomson (Chem. News, 1883, 47, 123, 135, 
184; 1884, 49, 32, 38, 119; 1885, 62, 18, 29), 
whoso results are summarised in the following 
table ; — 


- 

litmus 

Liusmold 





SensitiveiiMB • • • 

005 

0-01 

001 

0*05 

0*01 

0-01 

Hot •olutioni . • . 

Available . 

Available . 

— 


— . 

Not available 

Ammonia .... 

Available . 

Available . 

Available . 

Availallo . 

Available . . 

Ammonium salts . . 

Notaffected 

Not affected 

Lesssensitive 

IjOSs sensitive 

Notaffected . 

Not available 

Neutral aUcaline salts 

Not affected 

Not affected 

Not affected 

Lesssensitive 

Notaffected . 

Not affected 

Carbon dioxide . . 

Hydrogen sulphide . 
Alkaline cr bonates . 

ludefluito . 

Indefinite . 

Indefinite . 

Not affected 

Colour cliangcd 
Nutaffi^ted • 
Red colour . 

Indefinite 

Indeflair' . 

Decolourised 

Indefluito . 

Not affected 

Indefinite 

Iiidefluitt^ . 

Indefinite . 

Indefinite . 

Alkaline . . 

Alkaline 

Alkaline bicarbonates 

ludeftnltc . 

Indefinite . 

ludeflidte . 

Alkaline . . 

— 

Neutral 

Sulphites .... 

Indefluito . 

Alkaline. . 

Neutial . . 

Alkaline . . 

Not available . 

Neutral 

Acid sulphites . . 

Indefinite . 

Neutral . . 

Acid . . . 

Neutral . . 

Not available . 

Aoid 

Siltcio acid . . . 

Neutral 

Ne'jtral . . 

Neutral . 

Neutral . . 

Neutral . . 

Not available 

Alumina .... 

Indefinite . 

Alkaline. . 

ludefluito . 

Alkaline . . 

Neutral . . 

Neutral 

Borioacid. . . . 

Indefinite . 

Indefinite . 

Indefinite . 

Neutral . . 

Indeflnilu . . 

Indefinite 

Sodium tliiosulpfiato. 

Neutral 

Neutral . . 

Neutral . . 

Neutral . 

Neutral . . 

Neutral 

Sulphides .... 
Hydrosulphides . . 

Alkaline . 

Notavailablo 

— 

Alkaline . . 

Alkaline . . 

Alkaline 

Indefinite . 

Not available 

— 

Alkaline . . 

— 

Neutral 

Potassium nitrite. . 

Neutral . 


Neutral . . 

Destroyed . 

Neutral . . 

Neutral 

OAaUo . 

Available . 

Notavailablo 

Available . 

Not available 

Not available . 

Available 

Phosphoric acid . . 

Indefinite . 

Monobasic . 

Indefinite . 

Monoliasio . 

Indefinite . . 

Dibasic 

Arsenic acid . . . 

Indefinite . 

Monobosio . 

Indefinite . 

Monobasic . 

Monobasic . 

Dibasic 

Arsenlous acid . . | 

Neutral 

Neutral . . 

Indefinite . 

Neutral . . 

Neutral . . 

Indefinite 

phenol 

. 1 

Neutral 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Indefinite 


The sensitiveness is iiieasuied in c.c. of 
dcoinormal acid required to produce a distinct 
change when the volume of tlio liquid is 100 c.c. 
It should be borne m mind, however, that the 
sensitiveness of many indicators changes (usually 
diminishes) m the presence of considciublo 
quantities of dissolved salts. Where a reaction 
Id given as * indefinite,* it is not meant that there 
IS no effect, but that the change is not suHi- 
cicntly sharp to be available in analysis. In 
many cases where the rca<;tion is indefinite in 
cold solutions it becomes definite if the li<iuid 
is boiled, e.g. litmus with sulphides, sulphite.'^, 
and carbonates ; phcnolphthalcm with sulpliides 
and carbonates. Laemoid is most servici^ablo 
in the form of paper, and several of the reactions 
which are unsatisfactorv v/ith the solution aie 
sharp and distinct with the paper, r.'y. with 
carbonates, sulphides, and sulphites 

Gawalowski recommends (Zeitsch. anal. 
Chem. 1883, 22, 397) the use of a mixture of 
methyl orange and phenolphthaleln, which is 
deep-red with excess of alkali, pale-yellow when 
neutral, and rose-reel with excess of acid. Com- 
pare also Schlotz (Zeitsch. Elek. Chem. 1904, 10, 
649) on mixed indicators. 

Walpole (Biochem. J. 1914, 8, 628) gives 
a chart of hydrogen ion concentration data 
representing the sensitive ranges of all the 
indicators m general use, both in colorimetric 
and * end-point ’ processes. 

Preparation of Standard Acids and Alkalis. 

Standard solutions of acids and alkalis are 
usually prepared on the normal basis, the normal 
solution of a chemical reagent containing one 
gram-equivalent of the substance in one litre of 
the solution (v. Ahalysis, Volumetric section). 

In acidimetry and alkalimetrv it u essential 
to have a standard solution of some acid or 
alkali, the concentration of which ii known with 
great accuracy; this solution serves to stand- 


ardise the other'!. Various suggestions have 
been made, but llie general ohoico, at least for 
technical purposes, has fallen on hydrochloric 
acid as tho standard acid ; sulphuric acid is 
frequently employed and, loss often, oxalic acid. 

The commonest method of fixing tho exact 
concentration of tho hytlrochlorio (or sulphuric) 
aoid consists m titrating the acid against weighed 
amounts of pure anhydrous sodium carbonate, 
a prooess originally employed ly Gay-Lussao, 
and strongly recommended by Lunge, Sutton, 
and Treadwell. Separate weighed quantities of 
tho pure carbonate are dissolved in 60-100 o.o. 
of cold distilled water, and each titrated with 
the acid, using methyl orange as indicator. The 
concentration of the aoid solution is calculated 
from each result, and the mean of the concordant 
values adopted as correct. Chemically pure 
sodium carbonate is obtainable in commerce, 
and should be free from all but traces of obloride 
and sul])hato ; it is dried in a platinum crucible 
with continual stirring for 20-30 minutes at 
such a temperature that the crucible bottom is 
barely red Lot, or the crucible, embedded in 
sand, may be heated at 300" for half an hour. 
Pure sodium carbonate may also be prepared 
by heating the bicarbonate at a temperature 
not exceeding 300" (Lunge, Zeitsch. angew. 
Chem. 1897, 10, 622). Sulphates and chlorides 
are removed from the bicarbonate by washing 
with cold water. (For the preparation of pure 
soilium bicarbonate, v, Rciriilzer (Zeitsch. angew. 
Chem. 1894, 7, 661 ), and North and Blakey (J. 
Soo. Chem. Ind. 1006, 24, 390).) 

The foregoing method, although extensively 
used, has been adversely critioim, the chief 
i objection being that it is impossible to dehydrate 
the carbonate or bicarbonate without losing a 
little too much carbon dioxide. It is aiaerM 
that sodium oxide is present even when the 
temperature of drying has not exceeded 170" : 
e. fusing (Zeitsch. angew. Chem. 1890, 8, 262);^ 
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Hijs'gins (J. Soc. Chem. Ind. 1000, 19, 068); 
Sorensen and Andersen (Zeitseb. anal. Chein« 
1906, 44, 166); North and Biakov (J. Soo. 
Chem. Ind* 1^6, 24, 396); Sebelin (Chem. 
Zeit. 1906, 29, 638); but c/. Seyda (Chem. 
Zentr. 1899, (j,) 1164); Lunge (Zeitsoh. anal 
Chem. 1904, 17. 231 ; 1906, 18, 1620). 

A satisfactory method of cheeking the values 
obtained by the carbonate method depends on 
th#>> fact that sodium oxalate, when heated, is 
converted into sodium carbonate. As this 
oxalate can be prepared in a high degree of 
purity, the residue of carbonate theoretically 
obtauiable from a known weight of oxalate can 
be calculated, and the presence of any sodium 
oxide is immaterial providing that all calcula- 
tions are based on the original weight of sodium 
oxalate. * 

The weighed oxalate is carefully heated in 
a platinum crucible until all the separated carbon 
has been burnt off and the residual carbonate 
begins to fuse ; the cooled residue is dissolved 
in water and titrated as already described ; v. 
Sorensen (Zeitsch. anal. Chem. 1897, 36, 639; 
1903, 42, 333, 612; 1906, 44, 166), Lunge 
(Zcitsch. angew. Chem. 1906, 18, 1520); and 
Analysis, (Volumetric section, standardisation 
of permanganate). 

From time to time many other standards 
have been proposed, and among others the 
following ; — 

Potassium tetroxalate ; succinic acid (Phelps 
And Hubbard, Zeitsch. anorg. Chem. 1907, 63, 
361 ; Phelps and Weed, ibid, 1908, 69, 114, 
120) ; horoj: (Eimbach, Ber. 1893, ^6, 171) ; 
potassium hydrogen tartrate (Borntragor, Zeitsch. 
anal. Chem. 1892, 31, 43); potassium dichromate 
(Richter, Zeitsch. anal. (3hem. 1882, 21, 206); 
potassium iodate (Fessel, Zeitsch. anaL Chem. 

1899, 38, 449); potassium biiodaie (Meineke, 
Chem. Zeit. 1896, 19, 2) ; sodium (Hartley, 
Chem. Soo. Trans. 1873, 26, 12.3 ; Neitzel, 
Zeitsoh. anal. Chem. 1893, 32, 422 ; cf, Hopkins, 
J. Amer. Chem. Soc. 1901, 23, 727); and 
sulphuric acid, prepared by electrolysing copper 
sulphate solution (Hart and Croasdale, Chem. 
Noavs, 1891, 63, 93; Kohn, J, Soo. Chem. Ind. 

1900, 19, 962). 

Hydroohlorio acid. In preparing a normal 
solution advantage may be taken of the fact 
that an aqueous solution of hydrogen ohlorido 
which boils at a constant temperature has a 
practically constant composition. A quantity 
of ordinary concentrated acid is distilled from a 
capacious retort until one-third has passed over. 
The residual liquid will contain 20*2 p.c. of 
hydrogen chloride, and 165 o.o. when diluted 
to 1 htre will form an almost exactly normal 
solution ; it should be standardised by one of 
the following processes. 

The strong acid is diluted until its specific 
gravity is approximately 1*1, and distilled ; after 
three-fourths of liquid have passed over, the 
remaining distillate is collected apart, and the 
barometric height observed. The final quarter 
of the distillate is of perfectly definite com- 
position, and the following table gives the actual 
content of hydrogen chloride for a definite baro- 
metric heignt, together with the weight of 
distillate which contains one gram-equivuent of 
hydrogen chloride, i.e. which yields a normal 
Rolution when diluted to 1 Htre : — 


Barometer 

WCl 

Qrams of mixture ooa- 
tainlng 1 mol. HCl 

770 

20*218 

180*390 

760 

20*242 

180*170 

760 

20*266 

179*960 

740 

«0*290 

179*746 

730 

20*314 

179*630 


These r suits were calculated from the 
observed v eights of liquid, without reduction 
to vacuun standard; the compositions were 
determined gravimetrically by precipitation as 
silver chloride (Hulctt and Bonner, J. Amer. 
Chem. Soo. 1909, 31, 390). 

The simplest method of preparing a large 
quantity of nearly normal hydrochloric acid is 
to find the. approximate composition of the 
ordinary concentrated acid by taking its specific 
gravity with a hydrometer and re^^rring to a 
suitable table ; the requisite quantity of the 
acid is then measured out and appropriately 
diluted with distilled water. 

To standardise the solution, it is titrated 
against successive weighed quantities of pure 
sodium carbonate (or sodium oxalate), as de- 
scribed above. Each separate amount of car- 
bonate should weigh from 2*0 to 2*6 grams *** 
order to ensure a burette reading u£ 40 to 
60 c.c. It is best to use methyl orange for 
indicator, since the titrations can be rapidly 
and accurately carried out in the cold ; if litmus 
is used, the titration must be made in boiling 
solution. In the latter case, it is quicker to add 
a measured excess of acid to the carbonate, 
and titrate back with sodium hydroxide the 
value of which is known in terms of the aeid ; 
but the titration must nevertheless be done in 
boiling solution. The calculation is very simple : 
if X grams of sodium carbonate require y c.o. of 
hydroohlorio acid, then 1 c.o. acid = x/y grams 
of sodium carbonate. Now, 1 o.o. N-acid 
=0*06300 grams sodium carbonate, and hence 

concentration of acid times normal 

0*063y 

—z times normal, say. As a rule, this is a very 
convenient method of expressing the rcsidt ; 
e.g. if the acid is used to estimate an alkali of 

equivalent e, then 1 o.o. acid = X z grams 


of alkali. If necessary, the acid solution may 
be diluted with distilled water so that the ratio 
final volume -i- initial volume = z ; it will then 
be exactly normal. A simple arithmetical calcu- 
lation is required, and if this process is con- 
templated, care should be taken initially to en- 
suio that 2 shall bo slightly greater than unity. 

Hydrochloric acid u most accurately stand- 
ardised gravimetrically by precipitating ohlorine 
with excess of silver nitrate and weighing the 
silver cldoride in a Gooch crucible. The solution 
may be titrated against pure silver according to 
the Mint process lor assaying this metaL The 
method may be modified by adding the silver 
solution in very slight excess, this excess being 
determined in the filtrate with N/lO-thiocyanate 
(Thorpe’s Quantitative Analysis ; Dittmar’s 
Quantitative Analysis ; Knorr, J. Amer. Ghem. 
Soo. 1897, 19, 814; Hopkins, ibid, 1901, 23, 
727). These methods are trustworthy only 
when the hydrochloric acid is free from chlorides. 

The following method depending on the 
loss of weight on converting silver nitrate into 
chloride is due to Andrews ( J. Amer. Chem. Soo. 
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1914, 30, 3089). Two silica dishes are 

proyided with watoh-glass^covers, and one of 
them with a stining-rod, short enough to lie 
under the oover. Into tliis dish about 2 grams 
silver nitrate are put, and boti^ dishes are placed 
in an oven at 160**, the temperature being 
subsequently raised tO|244^. Ait^ cooli^ in 
a desiccator, both dishes are weired, ^fty 

0.0. of ^ hydroohlorio acid to be soandardised 

are run into each dish, the contents of which 
are then evaporated on the water-bath, and 
finally dried at 240°. The normality of the 
solution is given by the expression : 

0-026«V 

in which v — volume of acid delivered by the 
50 C.C. pipette; W= weight in air of silver 
nitrate and di^, Wj—weight of dish with 
mixed chloride and nitrate, la^^weight of 
control-dish before, and its weight after 
experiment (Analyst, 1815, 24). 

A simple and accurate process of standardisa- 
tion consists in immersing weighed pieces of Tee- 
sp"^ a measured volume of the acid, and 
noting the loss in weight of the spar after the 
acid 18 neutralised (Masson, Chem. News, 1900, 
81; 73 ; Green, ibid. 1903, 87, 5 ; cf. Thiele and 
Richter, Zeitsch. e^gew. Chem. 1900, 13, 486). 

Small quantities of standard hydrochloric 
acid may be prepared by absorbing dry hydrogen 
chloride in a weighed quantity of water and 
ascertaining the increase in weight (Moody, 
Chem. Soc. Trans. 1898, 73, 658 ; Higgins, J. 
Soc. Chem. Ind. 1900, 19, 958 ; Aorce and 
Brunei, Amer. Chem. J. 1906, 36, 117). 

Sulphuric acid. An approximately normal 
solution is obtained by diluting to 1 litre 28 o.o. 
of pure concentrated sulphuric acid (sp.gr. 1*84). 

The solution may bo standardised with pure 
sodium carbonate or oxalate (v. Hydbochlobio 
acid), or a measured quantity treated with a 
slight excess of ammonia, evaporated to dryness, 
and the residual ammonium sulphate heated at 
120° and weighed. This method gives trust- 
worthy results only when pure redistilled acid 
is employed in preparing the solution (Weinig, 
Zeitsch. angow. Chem. 1802, 5, 204 ; Shiver, 
J. Amer. Chem. Soc. 1895, 17, 351 ; Hopkins, 
ibid, 1901, 23, 727 ; Marboutin and P6coul, 
Bull. Soc. chim. 1897, 17, 880). 

A measured volume of the acid is added to a 
weighed excess of sodium carbonate in a platinum 
dish, the solution evaporated, -the residue dried 
at 300° and weighed. The change in weight due 
to the transformation of sodium carbonate into 
sulphate indicates the amount of acid present in 
the solution. This method is much preferable 
to precipitating and weighing the acid as barium 
sulphate (Thorpe, Quantitative Annlyfis, 1873. 
{Cf. Richardson^ J. Soc. Chem. Ind. 1907, 26, 78.) 

Sulphuric acid solutions of definite concentra- 
tion may be prepared by specific gravity measure- 
ments (Pickering, Chem. Soc. Trans. 1890, 57, 
64). A quantity of the purest acid is diluted with 
half its volume of water, and the specific gravity 
of the mixture aoourately determined at 15° or 
18° in a Sprengcl pyknometer. The percentage 
of sulphuric acid in the solution is then obtain^ 
by reference to tables giving the values for 
15°/I5° or 18°/18° (v. Sutton’s Volumetric 


Analysis, 9th ed., or J. Soo. Chem. Ind. 1899, 18, 
4). The table nven in J. Soo. Chem. Ihd. 1902, 
21, 1511, may be employed when the specific 
gravity (15°/15°) has been oaloulated without 
introducing any vacuum oorreotions, which 
must be allowed for if the other tables are 
employed. Between the limits of 66 p.o. and 
81 p.o. the following formulas reproimoe the 
values in the_ tables with an error not exoeedmff 
0*04 p.o. 

P = 86 S,,- 69-00 
P = 86 Sn- 68-82 

where P = percentage of sulphuric acid, and 
Si, and S,g = the specific gravities refer;^ to 
water at 16° and 18® res^ctively, oaloulated 
without allowing for ‘ air f isplaced * (Marshfdl, 
J. Soc. Chom. Ind. 1899, 18, 4). The diluted 
acid may be kept in a stoppered bottle without 
change, and by weighing out the appropriate 
amount and diluting to a litre, a normal solution 
of sulphuric acid can be rapidly prepared. 

Oxalic acid. A normal solution is prepared 
by dissolving 63*02 grams of the reorystallised 
hydrated acid HjCaO, -f- 2H2O in water and 
diluting to 1000 c.c. As the crystallised acid 
is somewhat effloresent, especially on slightly 
warming, it may contain loss than two molecular 
proportions of water. The solution may be 
checked against a standard alkali, using phenol- 
phthalein as indicator, or against an aoourately 
standardised permanganate solution {cf, Tread- 
well-Hall, Analytical Chemistry, vol. 2). 

Oxalic acid solutions do not keep very well. 
A small quantity of metallic mercury added to 
the solution tends to stabiliso it. 

Sodium hydroxide. To prepare a normal 
solution, clear transparent lumps of the best 
white commercial caustic soda are selected, any 
opaque portions of their surface scraped off, and 
50 grams of the substance weighed out for each 
litre of solution. The cooled solution is stand- 
ardised against the standard hydrochloric acid, 
using methyl orange as indicator, and taking 
50 c.c. for each titration. 

For the preparation of sodium hydroxide 
solutions free from carbonate, r. Kiister (Zeitsch. 
anorg. Chem. 1897, 13, 134 ; 1904, 41, 472, and 
Bousfield and Lowry, Phil. Trans. 1905, 204, 253). 

Potassium hydroxide cf. Sodium hydboxidb. 

Barium hydroxide. An approximately N/10- 
solution is best mepared from the crystalline 
hydroxide Ba(OH),, 6H2O. The powdered sub- 
stance is shaken with distilled water, the solu- 
tion allowed to settle, the clear liquid siphoned 
off and diluted with an equal volume of recently 
boiled-out water. The solution must be kept 
permanently in contact with that portion already 
in the burette, and guard tubes are required 
to prevent access of carbon dioxide. 1'he 
solution is standardised against succinic acid, 
phenolphthaleln being used as indicator ; or a 
measured volume may be evaporated to dryness 
with a slight excess of pure sulphuric acid, the 
residual barium sulphate being gently heated 
and weighed. 

The chief use of this solution is in titrating 
organic acids, using phenolphthalein as indicator. 
For this purpose carbon dioxide must be ex- 
cluded, and barium hydroxide is consequently 
the most convenient alkali to employ. 
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Ammonia. Thio solution is not often em- 
ployed } an approximately semi-normal solution, 
readily obtained by diluting 28 o.c. of conoen- 
irated ammonia solution to 1 litre, is titrate 
against hydrochloric acid in the cold, using 
methyl orange as indicator; phenolphthalcin 
cannot bo employed. 

Schultze has determined the rates of expan- 
sion of normal solutions of acids, and alkalis 
and other solutions employed in volumetric 
analysis (Zeitsch. anal. (Jhem. 1882, 21, 170). 
The following are the results for average 
tem^ jratures : — 


— 

Oxallo acid 

Hydro- 

clUorlcacid 

Nitric arid 

0* 

10000 

10000 

10000 

lO* 

10010 

10010 

10018 

16® 

10019 

10019 

10031 

20® 

10031 

10030 

10046 

26® 

10046 

10043 

10061 


- 

Sulphuric 

acid 

PotaiBium 

hydroxide 

Sodium 

hydroxide 

0® 

10000 

10000 

10000 

10® 

10017 

10019 

10021 

16® 

10029 

10031 

10034 

20® 

10014 

10046 

10048 

25® 

10060 

10062 

10066 


Typical Aoidimktbto and Alkaltmetrio 
Estimations. 

Determination of total alkali. A weighed 
c^uantity of the substance (10 grams) is dissmved 
in water, filtered if necessary, and diluted to 
fiOO c.c. ; 60 c.c. are withdrawn, mixed with a 
measured excess (26 c.c.) of normal acid, boiled 
gently for ten minutes to expel carbon dioxide, 
and the excess of acid determined with standard 
alkali. 1'he volume of standard acid minua the 
excess of acid gives the volume of acid required 
to neutralise the total alkali, t.e. the alkali 
present as hydroxide, carbonate, sulphide, 
sulphite, thiosulphate, aluminate, and silicate. 
If methyl orange is used as indicator, boiling is 
unnecessary, and the alkaline solution is titrated 
directly with standard acid. If direct titration 
with litmus as indicator is preferred, the solution 
must be continuously boiled during the titration. 

Alkaline hydroxide in presence of carbonate. 
100 c.c. of the above solution are heated, mixed 
with excess of barium chloride, allowed to cool, 
diluted to 260 c.c. and well shaken. When the 
precipitate has settled, 60 c.c. of the clear liquid 
are withdrawn and titrated with standard acid. 
The quantity of acid used x 25 gives the volume 
equivalent to the hydroxide in the weight of 
substance originally taken. The reaction which 
takes place is expressed by the equation 

xMiOOf -f- yMOH -f- (iP -f-^)BaCl| 

- ®BaCO,+ |BaH,0, + (2*+ y )MCI. 

The barium carbonate is precipitated and a 
quantity of barium hydroxide equivalent to the 
iKaime hydroxide remains in solution. The 


solution cannot be filtered, since the barium 
hydroxide would absorb carbon dioxide from the 
air with formation of the insoluble carbonate. 

In order to avoid error due to the presence of 
the precipitate, ar ^ to economise time, Watson 
Smith (J. Soc. Chem. Ind. 1882, 1, 86) prefers to 
add just suFcient bariu.ii chloride to precipitate 
the carl)oni .^e without affecting the hydroxide. 
No barium .*emaina in solution, and even if car- 
bon dioxide is absorbed the alkaline carbonate 
formed remains in solution. The barium 
chloride is added gradually to the hot solution 
until precipitation is just complete, and the 
liquid IS filtered into a 250 c.c. flask and an 
aliquot portion titrated. It is preferable for the 
liquid containing the precipitate to be diluted to 
250 c.c., the prec.pitate allowed to settle, and 
50 O.C. of the supernatant liquid withdrawn. 
(For various details and precautions, v. Sorensen 
and Andersen, Zeitsch. anal. Chem. 1908, 47, 270.) 

Carbonate In presence of hydroxide. The 
solution is coloured a very faint yellow with 
phenacetolin, and standard acid is added until 
the yellow colour changes to a rose tint. The 
volume of acid required gives the amount 
hydroxide present. A further quaubii/^ of acid 
is now added, and the red colour increases in 
intensity, but eventually changes to yellowish- 
red, and finally to golden-yellow. At thi.s point 
a second reading is taken, and the difference 
between this and the first reading gives the 
volume of acid corresponding with the carbonate 
present (Lunge, J. Soc. Chem. Ind. 1882, 1, 66). 
'Phis method is not available for the estimation 
of small quantities of hydroxide in presence of 
large quantities of carbonate (Thomson). 

The following method, due to Warder, gives 
fairly satisfactory results : To the cold dilute 
solution phenolphthalein is added and standard 
hydrochloric acid run in slowly, the burette tip 
being immersed in the liquid, till decolourisation 
takes place. This occurs when all the hydroxide 
and half the carbonate have been neutralised. 
Methyl orange is then added and the solution 
titrated again till an acid reaction is indicated. 
If this second titration requires y c.c. and the 
first one x c.c., then the carbonate is equivalent 
to 2y c.c. and the hydroxide tox—y c.c. (Kuster, 
Zeitsch. anorg. Chem. 1896, 13, 127 ; Lunge, 
Zeitsch. angew. Chem. 1807, 10, 41 ; North and 
Lee, J. Soo. Chem. Ind. 1902, 21, 322 ; cf. 
Cameron, Amer. Chem. J. 1900, 23, 471). 

In order to estimate the proportion of car- 
bonate m quick-lime or slaked lime, the purpose 
for which phenacetolin was originally recom- 
mended by Degener, 100-160 grams of the lime 
are made into a cream with water and diluted 
to 600 c.c. After vigorous agitation 100 c.c. are 
withdrawn and diluted to 1000 c.c., and 26 c.c. 
of this liquid are taken, mixed vrith phenacetolin, 
and standard acid added until a pale-rose tint is 
obtained. In order to estimate laoth hydroxide 
and carbonate, the substance is dissolved in 
standard acid and the excess of acid deter- 
mined by reverse titration in the usual way 
(Lunge, f.e.). 

Aeld earbonate In presence of normal car- 
bonate. The eaild and diltUe solution of normal 
earbonate and acid oarbo^te is mixed with 
phenolphthalein, and stanoard acid added, the 
burette tip dipping into the liquid to prevent 
escape of carbon dioxide, until the liquid be- 
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cornea colourless. At thisftoint, whion cone- 
ponds with the complete conversion of the 
normal carbonate into acid carbonate, the '^olume 
>f acid added is read off. The liquid is then 
)oiled and acid is added grrUually until the 
olution remains colourless even after Ions 
>oiling, and the volume* of acid is •> again read 
>ff. If X represents the first readingi and y the 
econd reading, then 2x «= the normiulsarbonate, 
Lnd y—2x a the ac'd carbonate (Warder, Chem. 
<^ew8, 1881, 43, 228). 

Lunge (J. Soo. Chem. Jnd. 1882, 1, 57) 
}rox>ose8 a different method based on the 
eaotion : 

MqOOj + VMHOO 3 + rNHs + (* + y)BaCl2 
sChe + y)MCl + yNH*Cl + (x + y)|aCOa + (f - ylNHa- 
The solutioT* to be tested is imxed with a mea- 
ured excess of standard (half -normal) ammonia, 
ixoess of barium chloride added, and the liquid 
liluted with recently boiled water to a definite 
rolume. When the precipitate has settled, an 
iliquot portion of the clear liquid is withdrawn 
ina titrated with standard acid in order to as- 
iertain the excess of ammonia. The difference 
'^ween the volume of ammonia added and that 
emaining a.iter precipitation gives the volume 
sorrespondingwim the quantity of acid carbonate 
n the liquid analysed. 

By adding a definite excess of pure sodium 
lydroxide free from carbon dioxide, a mixture 
>f normal carbonate and hydroxide is obtained 
vhich may be analysed as described above. 

Ammonia. In order to determine the quan- 
ity of free ammonia in a solution of the gas, an 
Lccurately measured quantity (10 c.o.) of the 
iquid is transferred to a liglit tared flask, and 
weighed. This gives at once the weight taken 
or analysis and the sp.gr. The liquid is then 
itrated with standard acid in the usual way, 
ising litmus, laemoid, or methyl orange as 
ndicator. 

Ammonia in combination is determined by 
}oiling the substance with sodium hydroxide, 
oading the ammonia into a measured excess of 
tandard acid, and determining the residual acid 
vith standard alkali. The substance is weighed 
nto a flask fitted with a cork, through one iiole 
n which passes a pipette containing a strong 
olution of sodium hydroxide, whilst through 
mother passes a tube leading to a flask or bulb 
J-tubc containing a known volume of standard 
icid. The flask or U-tube is fitted with a cork 
vhich carries a calcium chloride tube containing 
)ead8 moistened with some of the acid in order 
o ensure complete absorption of the ammonia. 
Vfter addition of the sodium hydroxide solution 
he liquid is gently boiled for half an hour, and 
he residual acid determined. From the volume 
>f acid which has combined with the ammonia 
he quantity of the latter is readily calculated. 
The sodium hydroxide may be replaced by milk 
)f lime, and the most effectual method of 
emoving the ammonia is to distil the mixture 
n steam. The use of magnesia in place of 
odium hydroxide is not advantageous (Kober, 
r. Amer. Chem. 800. 1908, 30, 1279). (For a 
lifferent method of distilling off the ammonia, 
\ Kober (J. Amer. Chem. Soc. 1908, 30, 1131). 
Itt also Ronch^se (J. Pharm. Chim. 1907, 25, 
111) and Wilkie (J. Soo. Chem. Ind. 1910, 29, 6) 
or a method of estimation entirely different in 
principle from the foregoing.) 


Rydroohlorio, Hydrobromie, Hydrlodle, Sul- 
phuric, and Nitric acids arc readily estimated by 
direct titration with standaord alkali, using methyl 
orange as indicator. 

Oxalic, Tartaric, Citric, Acetic, and Lactic 
acids can likewise be titrated accurately with 
standard alkali if phenolphthalei'n is used as the 
indicator (Thomson, l.c.). Oxalic acid may also 
be titrated uain^ litmus as indicator. , 

Boric acid gives no very definite reaction 
with the majority of indicators, but it is quite 
neutral to methyl orange, and hence the quantity 
of alkali in ak'alino Imrates can bo acoursbely 
estimated by direct titration with standard acid 
if methyl orange i.s used as indicator (Thomson). 

The titration of boric acid itself becomes 
possible if the solution contains at least 30 p.o. 
of its volume of glycerol. I'he boric acid tnen 
behaves towards phcnolphthalein as a monobasic 
acid (Thomson, J. Soc. Chem. Jnd. 1893, 12, 432; 
Jorgensen, Zoitsoh. angew. Chem. 1897, 10, 5; 
Ilbnig and Spitz, xhid, 1890, 9, 549; Copaux, 
Coinpt. rend. 1898, 127, 756). A similar result 
IS effected by saturating the solution with 
mannitol. Since phonolphthnloin is employed, 
carbon dioxide must not bo present in the 
solutions to be titrated (Jones, Amor. J. Sci. 
1898, 7, 147; Stock, Compt. rend. 1900, 130, 
510). 

Sulphurous acid can be titrated directly if 
methyl orange, phenolphihnlein, or aurin is used 
as iiulieator (Lunge, Dingl. poly. J. 260, 630). 
With methyl orange the hydrogen sulphite 
MHSO3 is the neutral salt, whilst with the other 
two' indicators the normal salt is neutral. This 
difference can be utilised for the determination 
of the relative proportions oF normal and acid 
sulphite in the same solution (Blare?., Compt. 
rend. 1886, 103, 69 ; Chem. Soc. Abst. 

1886, 50, 918). Caustic soda or potash must 
bo used, since ammonia gives inaccurate results. 

Phosphoric and Arsenic acids are monobasic 
with methyl orange, and dibasio with phenol- 
phthalein (Joly, Compt. rsnd. 1882, 94,. 529 ; 
Chcni. Soo. Abst. 1882, 42,692). These 'acids 
enn bo most accuratclv titrated with barium 
hydroxide, using phcnolphthalein as indicator. 
Towards the close of the reaction, time must 
be allowed for the gelatinous tribarium phosphate 
to change into the crystalline dibarium salt 
(.Toly, Compt. rend. 1886, 102, 316; Chem. Soo. 
Abst 1886, 50, 418). Advantage can be taken 
of the different basicity with methyl orange 
and phcnolphthalein to estimate phosphoric acid 
in presence of monobasic acids such as hydro- 
chloric acid (Joly, Compt. rend. 1886, 100, 66 ; 
Chem. Soc. Abst. 1886, 48, 348). 

(For another simple and accurate method, v. 
Sogalle, Zoitsch. anal. Chem. 1896, 34, 33.) 

Carbonic acid in solution is estimate by 
adding excess of ammonia and calcium chloride. 
The liquid is then boiled, and the precipitated 
calcium carbonate collect, well washea, and 
dissolved in a measured excess of standard hydro- 
chloric acid, the excess of acid being determined 
by means of standard alkali. The volume of 
normal acid actually used multiplied by 0*022 
gives the quantity of carbon dioxide. 

Insoluble carbonates are weighed into a flask 
fitted with a cork which carries a bulb and 
delivery tube. The bulb contains moderately 
strong hydrochloric acid, which is allowed to 
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drop slowly on the carbonato, and the evolved 
gas ia led into a flask containing strong ammonia 
solution. This flask is olosra with a cork, 
through which passes the delivery tulie, which 
ends jbst above the surface of the liquid. The 
cork also carries an exit tube filled with glass 
beads moistened with ammonia to arrest the 
last traces of carbon dioxide. When all the gas 
has been ei^lled from the carbonate the am- 
monia is mixed with calcium chloride, boiled, 
and the precipitate treated as above ; cf. Gooch 
and Phelps (Amer. J. Sci. 1895, 60, 101). With 
slight modification this process can be adapted 
to tne estimation of carbon dioxide in aerated 
waters. 

For the direct titration of carbon dioxide in 
solution, V. iSeyler. (Analyst, 1897, 22, 312); 
Ellms and Benoker (J. Amer. Chem. Soc. 1901, 
23, 406) ; and Forbes and Pratt (J. Amer. Chem. 
Soc. 1903. 26, 742). 

Hydrofluorie acid may be accurately titrated 
with sodium hydroxide free from carbonate, 
using phenolphthalein as indicator (Winkler. 
Zeitsch. angew. Chem. 1902, 16, 33 ; cf, Haga 
and Osaka. Chem. Soc. Trans. 1896, 67, 261 ; 
and J. Amer. Chem. Soc. 1896, 18, 416; 
Monatsh. 1897, 18, 749). 

Hydrofluosilicio acid may bo titrated with 
sodium or barium hydroxide in the presence of 
alcohol (an equal volume is added) using phenol- 
phthaleln or laomoid as indicator ; the alcohol 
renders the salt produced insoluble in the solu- 
tion; V. Sahlbom and Hinrichsen (Ber. 1906, 
39, 2609); cf, Schucht and Moller (Ber. 1906, 
39, 3693) ; and Honig and Szabadka (Chom. 
Zeit. 1907, 31, 1207). 

Combined acids In salts may be estimated 
with approximate accuracy by adding to a solu- 
tion of the salt a measured excess of sodium 
hvdroxide or carbonate. 'Phe liquid is boiled, 
allowed to cool, and diluted to a defimto volume. 
When the precipitate has settled, an aliquot 
portion of the clear liquid is withdrawn, and the 
excess of alkali determined by titration. From 
the volume of alkali used tlic proportion of acid 
in the salt is calculated. In order to avoid the 
error duo to the presence of the precipitate, the 
liquid may be filtered before diluting to a definite 
volume, lJut methyl orange or coohinoal must be 
used as indicator in orc^r to avoid any error 
from carbon dioxide absorbed from the atmo- 
sphere. Salts of copper, silver, mercury, cobalt, 
nickel, iron, and chromium are precipitated with 
sodium hydroxide ; salts of calcium, barium, 
strontium, magnesium, aluminium, zinc, bismuth, 
and manganese, with sodium carbonate. 

Kleffer’s method is useful for coloured solu- 
tions, or in fircscncc of normal salts with acid 
reactions (Annalcn, 1855, 93, 386). Sixty grams 
of crystallised cupric sulphate are dissolved in 
water, mixed with ammonia until the precipitate 
is almost but not quite dissolved, diluted to 
about 900 C.C., the solution left for s )ino time, 
and the clear liquid siphoned off, or filtered 
through glass-wool, and diluted to 1000 c.c. 
If any further precipitate forms, it must be 
siphoned off or collected. If the solution of 
ouprammonium sulphate thus obtained is added 
t-o an acid liquid, so long as the acid is in excess 
an ammonium salt and cupric sulphate are 
formed, but as soon as the free acid is neutmlised, 
the ammonia in a fresh quantity of oupram- 


moninm sulphate reacts on the onprie sulphate 
already in tne liquid and prodnoes a precipitate 
of a basic salt, the formation of which indioates 
the pOaOt of saturation. The precipitate is most 
reafiily seen ags'ust a blaek background. In 
order to standardise the liquid, 10 c.o. of normal 
sulphuric acid are placed in a flask or beaker* 
and Kiefle* s solution added until a permanent 

n itatr is produced, and from the^ volume 
ution required, its strength in terms of 
normal acid is readily calculated. The strength 
of the solution gradually diminishes, and it must 
be titrated from time to time. In making an 
actual determination, the Kieffer’s solution is 
added to thejiquid to be tested until a per- 
manent precipitate is formed. The method is 
not very accurate owing mainly to the fact that 
the precipitate is not quite insoluble in solutions 
of ammonium salts, and therefore the end re- 
action does not take place until the liquid is 
saturated with the basic salt. The magnitude 
of the error depends on the concentration 
of the solution. When the liquids to be ti- 
trated contain barium, strontium, Ac., the 
Kicffer*s solution must be prepared with cupric 
nitrate. 

(For other methods, v. Sims (Chem. News, 
1907, 96, 253) and Ahlum (Chem. Soc. Proc. 
1906, 22, 63). J 

Btbliogra/phy. — Mohr’s Chemisch-Analytische 
I'itrirmethodo, 6th ed. 1886 ; Sutton’s Volu- 
metric Analysis, 9th ed. 1904 ; fVesenius* 
Quantitative Chemische Analyse, v. 2, 6th ed. ; 
Treadwell-Hall, AnaMical Chomistr^^, v. 2, 2nd 
ed. 1910 ; Liingo’s Technical Chemist’s Hand- 
book ; Cohn’s Itidicators and Test Papers, 2nd 
ed. 1902 ; Glaser’s Indikatoren dor Acidimetrie 
und Alkalimctrie. 1901. G. T. M. 

ACID ALIZARIN, -BLACK, -BROWNS, 
-PONCEAU, 'YELLOWS v, Azo- ooLOURrNO 

MATTERS. 

ACID MAGENTA, ACID VIOLET u. Tkt- 

PHKNVLMI.THANK tJOf-OURTNO MATTRR.S. 

ACIDINE BRILLIANT RED v. Azo- colour- 
ing MATT MIS. 

ACIDOL. Trade name for betaine hydro- 
chloride. 

ACIERAL. An alloy, said to be made by 
first melting together "A1 76, Ni 10, Ag 16, 
Co 2*6, Ou 3*6, W 0*6, Cd 10, Sn 1-6, m an 
electric furnace and stirring the fused mass 
into nine times its weight of aluminium, heated 
in a plumbago crucible lined with magnesia in 
an ordinary furnace (Fr. Pat. 473412, 1914). 
The alloy is silver-white, of sp.gr. 2*82, and 
m.p. 760^. Its tensile strength in castings is 
stated to be 30,000, in rods and sheets as 28,000- 
64,000, and heat-treated as 70,000 lbs. per square 
inch. It may be cast, forged, drawn, rolled, 
tempered, electroplated, and soldered. It is 
reported to have been used by the French Govern- 
ment for the manufacture of helmets (Eng. and 
Min. J. 1917, 103, 736). 

ACITRIN. Trade name for the ethyl ester 
of 2-phenyl'quinoline 4-carboxylic acid. Used 
on account ot its analgesic action in the treat- 
ment of sciatica and gout, and as uric acid 
tliminants. 

ACME YELLOW v. Azo- tolourino matters. 
AGOCANTHERA SCHQfPERI. The arrow- 
poisons of East Africa are prepared from the 
wood of the genfls AcocarUhera, which contains a 
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crystalline glncoside, acocantiierinin OaoH 4 «Oit, 
H,0 (Amaud), CstHsoOn (Faust). CEyatallisM 
from water and alcohol ; insol. in ether or chloro- 
form ; sol. neutral and bitter. Strong suiphuiio 
acid gives a red colour evc*>tually becoming 
*green. On boiling with dilute mineral acids is 
hydrolysed with formation of rhamnose. Is 
optically inactive, softens at 130** . nd decom- 
poses at 220^. The pharmacologica j action of 
the glncoside resembles that of mem^rs of the 
digitedin group (Fraser and Tillie, Proc. Roy. 
Soc. 58, 70 ; Faust, Chem. Zentr. 1902, 2, 
[19] 1217 ; cf. Strophanthus). * 

ACOINE. Trade name for di-p-anisylmono- 
phenetylguanidine hydrochloride. Used as a 
local ansssthetic. 

ACONITINE AND THE ..GONITE ALKA- 
LOIDS. Tue alkaloids of the various species of 
Aconitum which have been examined chemically, 
fall into sharply diiTorentiated groups. The 
first, of which aconitine itself is the type, includes 
a number of highly toxic alkaloids {the aconi- 
tines), which are diacyl esters of a scries of 
polyhydroxy bases containing four mothoxyl 
groups (the aconmes). The following * acorn- 
tuioj ’ ar« I'nown : — 

Aconitine from Aconitum Napellus (Linn.), 
RtlrAaconitine from Aconitum spicatam 
(Stapf.), 

/ndaconitine from Aconitum chaamavthum 
(Stapf.), 

t/opaconitine from Japanese aconite roots, 
Pseudoconitino from Aconitum deinorrhizum. 
The alkaloids of A. Vulparia (=A. f.ycocto- 
num) and A, septentrionale constitute a second 
group of toxic alkaloids derived from aconites, 
while there is a third group which contains 
non-toxic alkaloids typified by atislno and 
comprises the following : — 

Atisine from Aconitum heterophyllum (Wall.), 
PaZmatisine from Aconitum jxilmatum 
(D. Don.). 

Aconitine is the principal alkaloid of Aconitum 
Napellus (Linn.), the common monkshood or 
wolfsbane (Coqueluchon, Fr. ; Eis-nhui, Sturm- 
hvi, Ger.), in which it occurs along with its 
decomposition products, benzaconino and aco- 
nine. Acmiii radix, B.P., is the full-grown 
daughter root only. Aconitum, U.S.P., is the 
root containing at least 0*6 p.c. of aconitine. 
Aconitina, R.P., U.S.P., is the alkaloid. Aconi- 
tine was isolated by Geiger and Hesse (Annalen, 
1833, 7, 278), but first obtained in a crystalline 
state by Groves (Pharm. J. I860, [ii.] 8, 121). 
Wright and Luff assigned to it the formula 
C 38 H 4 tO|.N (Chem. Soc. Trans. 1877, 31, 143 ; 
1878, 33, 151, 318), and later Dunstan and his 
collaborators (ibid. 1891, 59, 271 ; 1892, 61, 
385) adopted for it the formula CssH^O 
a slight modification of that used by Wnght 
and Luff (l.c.). Until now almost all the work 
on crystallised aconitine had been done on 
alkaloid prepared from the roots of Aconitum 
NapeSlua grown in England. In 1894 analyses 
of the ciystfldlised aconitine of commerce, 
probably from roots of Aconitum Namllus grown 
in Germ/my, were made by Freiind and Beck, 
who assigned to the alkaloid the formula 
C. 4 H 470 nN (Bcr. 1894, 27, 433), and their 
results ,wero confirmed by Schulze (Arch. 
Pharm. ‘ 1900, 244, 167), who preferred the 
formula Cs 4 H 440 nN\ This latter formula has 
VoL. I. — T, 


been accepted by Dunstan and Henry (Trans. 
Chem. Soc. 1905, 87, 1650) as representing the 
composition of the present day aconitine of 
commerce. The earner formulee with less 
carbon are either dne to botanical differences 
(the English root is now difficult to obtain) or 
to the escape of methane in the combustions. 

Preparation. The finely- powdered root is 
exhausted with amyl alcohol mixed with three 
times its volume of wood spirit. Prom this 
extract the wood spirit is distilled under reduced 
pressure, leaving the whole of the alkaloids 
dissolved in the residue of amyl alcohol f%>m 
which they are removed by agitation with 
dilute (1 p.c.) sulphuric acid. This acid aqueous 
liquid is shaken with ether to remove ether- 
soluble, non-basic substance#, then made alka- 
line with dilute ammonia and the liberated 
alkaloids extracted with ether. The aconine 
remains dissolved in the water, the aconitine 
with some benzaconine passing into the ether. 
The ethereal solution is washed with a small 
quantity of water and evaporated. The residue 
is converted into hydrobromide by dissolving 
it in dilute hydrobromic acid, care being taken 
to avoid excess of acid. The exactly neutral 
liquid is evaporated to a small volume and 
allowed to crystallise. The aconitine hydro- 
bromide is recrystallised until of constant 
melting-point, and then is converted into the 
alkaloid by the addition of a slight excess of 
ammonia to its aqueous solution, the alkaloid 
being extracted by ether in the usual way. The 
washed ethereal solution is dried by agitation 
with fused calcium chloride and evaporated. 
The small crystals, which are deposited as the 
ether evaporates, may be leprystallised from 
dry alcohm by the addition of ether. 

Properties. Colourless, anhydrous hexagonal 

g risms, belonging to the rhombic system (Onem. 

00 . Trans. 1801, 50, 288 ; Ber. 1894, 27, 722 ; 
Arch. Pharm. 1006, 244, 160). Easily soluble 
in chloroform or benzene, less readily in absolute 
alcohol or ether, very slightly soluble in water, 
almost insoluble in light petroleum. The 
aqueous solution is alkaline to litmus; m.p. 
196®-107®. Dextrorotatory ; in alcoholic solu- 
tion ralD= -f 12® 32'. Salts laevorotatory. 

Aconitine is a most powerful poison (Cash and 
Dunstan, Phil. Trans. 1808, 100, 230). Between 
^ and A of a grain has been recorded as a fatal 
human dose. 

The ordinary salts of aconitine crystallise 
well. The hydrobromide B'HBr, 2 iH 40 is Iebvo- 
rotatory, [a]|,= —30*47® ; m.p. 163® or 206® 
(anhydrous). The hydriodide, m.p. 226®, is 
crystalline, and sparingly soluble in water. The 
aurichloride B*HAuCl 4 is thrown down as a 
pale-yellow amorphous precipitate from solu- 
tions of the hydrochloride and auric chloride. 
It crystallises from alcohol with and then 
melts at 136*6®; the anhydrons salt has m.p. 
162® (Freund, Ber. 1894, 27, 724). 

Reactions. When aconitine is heated at its 
melting-point it loses 1 mol. of acetic acid and 
furnishes a now alkaloid pyraconitine, and this, 
on hydrolysis with water or acids, furnishes 
1 mol. of benzoic acid and a new base pyraconine. 

When a salt of aconitine is heated with 
water, a molecule of acetic acid is split off and 
the alkaloid benzaconine, which also occurs in 

V 
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aconite voote, and hae been variously known an 
pieraeowUinet MoeonUine, napdline, Ao., is 
formed. B^uaconine, in turn, by hydroly^ 
with alkalis or acids, furnishes 1 mol. oi benzoio 
acid, and the alkaloid aconine, which is the 
final basic product of the hydrolysis. Aconitine 
is therefore aceiylbenzoylaconine. 

On treatment with acetyl chloride aconitine 
furnishes a triacetyl derivative (m.|). 207^>20S°). 
V/hen heated with hydriodic acid it yields four 
mols. of methyl iodide, and must therefore con> 
tain four metnoxyl groups. It also contains a 
methyl group linked to nitrogen. ^On oxidation 
witii acid permanganate aconitine ‘yields acetal- 
dehyde and a neutral crystalline substance 
oxanitine (Carr, Chem. Soc. Trans. 1012, 101, 
3241). This substance was also obtained by 
Brady (Chem. Soc. Trans. 1913, 103, 1821), and 
is most readily prepared by oxidation with 
permanganate in acetone solution (Barger and 
ricld, Chem. Soc. Trans. 1916, 107, 231). The 
formula is most likely Cs 4 H,kObN, m.p. 276^- 
277® (bath previously heated to 260®). Further 
oxidation with nitric acid yields a nitroso-' 
dicarboxylio acid m.p. 206® 

(Brady). Oxonitine is also formed by the 
oxidation of japaconitino and deserves further 
investigation. 

It IS probable from the foregoing summary 
of the chief reactions of aconitine that it may be 
regarded as derived from a parent base C,oHtiN. 

Aounitlne. 

Detection and estimation , — The identification 
of the alkaloid is best accomplished by the 
determination of the physical constants of its 
characteristic derivatives, but where minute 
quantities only are available the characteristic 
precipitate given with potassium permanganate 
(Dunstan and Carr, Pharm. J. 1896, [iv.] 2, 122), 
and the peculiar tingling sensation produced 
when even very dilute (1 in 4000) solutions of 
aconitine are applied to the tip of the tongue 
may be utilised, but these reactions arc equally 
applicable to the * aconitines ’ as a class. Various 
methods for the estimation of aconitine in aconite , 
roots have been proposed, but, as a rule, these esti- j 
mate some benzaconine an<l aconine as well as 
aconitine, and are useless as methods of deter- > 
mining the medicinal value of the roots, since this | 
depends essentially on the amount of aconitine 
present. Aconitine itself may be estimated by , 
hydrolysing it and determining the amount of 
acetic acid formed, but this method cannot bo 
used for the estimation of aconitine in the plant 
since the latter contains other substances uhtch 
yield acetic acid (l^nstan and Tickle, Pharm. 
J. 1890, [iv.] 2. 126). 

Benzaconine has also been 

called iscubonitine, picraconttine, and napeUine 
by various observers. It occurs with aconitine 
in aconite roots, and may be isolated from the : 
mother liquors from which aconitine hydro- 1 
bromide has been crystallised, and is also pro- 
duced by heating an aqueous solution of an 
aconitine salt in a closed tube. 

Properties. Amorphous, dextrorotatory base 
furnishing crystalline, lievorotatory salts. The 
hydrobromide crystallises in prisms, m.p. 273® 
(^hulze, lx.) I the hydrochloride occurs in two 
forms, m.p. 217® and 268* (Freund and Beck, 
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Ber.l894,27,720);thehydriodideha8m.p 204®- 
205®. The auricUoride hm m.p. 135®. Aocord- 
ing to Schulze (Z.e.) the tetracetyl derivative of 
benzaconine is idenUoal with triaoetylaoonitine. 

With the renr )val of the acetyl group from 
aconitine the characteristic toxicity disappears 
and benzaconine is not toxic in the ordinary 
sense. In ome respects its physiological action 
is antogoD stic to that of aconitine (Cash and 
Dunstan, PhU. Trans. 1898, 190, 239). 

Aeonine C^gHs^O^N, the ultimate basic 
product of the hydrolysis* of a'^onitine or benza- 
conine is amorphous and dextrorotatory, but 
yiehls hygroscopic Isevorotatory salts. It is 
readily soluble in water, alcohol, or chloroform, 
but almost insoluble in ether or light petroleum. 
The hydrochlorido B*HCl,2HaO has m.p. 175°- 
176®, and the hydrobromide B*HBr,l^HsO, 
m.p. 226®. The aurichloride is amorphous. 
The base furnishes a crystalline tetracetyl deriva- 
tive, m.p. 231°-232® (Schulze, l.c. 1906, 244, 
177). On oxidation with permanganate it fur- 
nishes acetaldehyde and an amorphous base, 
but with chromic acid it yields mcthylamine and* 
two new bases (OH) 4 C 2 oH, 90 (OMc) 8 NMe and 
Ci#H 4 oO.(OMe) 3 (NMo)C 02 H, the T.^mer an 
amino alcohol and the latter an amino acid 
(Schulze, Arch. Pharm. 1908, 246, 281 ; ef. Carr, 
Proc. Chem. Soc. 191 2, 28, 263 ; Brady,t&id. p. 289). 

Bikhaconitine CasHsiOnN. The character- 
istic alkaloid of Aconiium spicatum (Stapf.), the 
roots of which constitute * bikh '-aconite of 
North Western India. It 'may be extracted 
from the roots by a slight modification of the 
process described under aconitine. The alka- 
loid was isolated and characterised by Dunstan 
and Andrews (Chem. Soc. Trans, 1905, 87, 1036). 

Properties. Separates from ether in button- 
shaped masses, m.p. 11 8®-] 23®, or from alcohol 
on addition of water in white granules con- 
taining IHjO, m.p. 1I3®-116°. Dextrorotatory 
([al*®°««-fl2*21® in alcohol). The salts are 
lasvorotatory. The hydrochloride B*HC3,5H20, 
m.p. 169®-1G1® (anhydrous), crystallises and has 
[alp— 8-86° (in water) ; the hydro bromide 
B’HBr.SH^O, m.p. 173®-176° (anhydrous) is 
crystalline and has [a] p— 12*42° ; the hydriodide 
B*HI,2JH20, m.p. 193®-194® (anhydrous), crys- 
tallises in needles, and is sparingly soluble in 
water ; the aurichloride B*HAuC ]4 crystallises 
in canary-yellow needles, m.p. 232®-233®. Like 
all the * aconitines ’ bikhaconitine is highly toxic. 

Reactions. Bikhaconitine contains six meth- 
oxyl groups. When heated at 180® it loses 1 
mol. of acetic acid and forms pyro bikhaconitine 
(amorphous, giving amorphous salts). It under 
goes hydrolysis in two stages, thus — 

i. C,2H5iO„N+H20=C,4H490ioN+C,H40a 

Bikhaconitine. Veratroylbikhaconine. Acetic acid. 

ii. C34H420joN-f-H20=C25H4i07N + L’2Hi904 

Veratroylbikhaconine. Bikhaconine. Veratricadd. 
Bikhaconitine, therefore, resembles x>roudacoiii- 
tine {see p. 634) in furnishing veratrio acid in 
the second stage of its hydrolysis. The alkaloid 
is, therefore, aoetylveratroylbikhaconine, and 
may be represented thus — 

lM.0].0„H.,0K<g^ 

Vmtroylbikliaeoiilne C 24 H 420 iqN, the first 
basic hydrolytic product of bikhaconitine, 
IB amorphous and dextrorotatory +29*9® 

in alcohol). The hydrochloride and hydro- 
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faiomlde m amotphoua, bat the hydiiodide | 
aryBtanieeeinitMette8ofneeoleB,m.p. 189M90*. | 
The nitrate forms rosettes of hezajronal prisms, 
in.j|X 175^-178°. The auriohloride rorms oiange- 
yeflow rosettes of prismatic cr*^tals, m.p. 

•148® (anhydrous). 

BiKHACOnniTB G,bH 4 j 07N, the final basio 
product of the hydrolysis of bikha onitine or 
veratroylbikhaoonine. It is deztroro atory and 
amorohous, but unlike the * aoonines * as a class, 
fumiwes well-definod crystalline salts. The 
hydrochloride occurs in rosettes of crystals, 
m.p. 126®-130®, the hydrobromide in tetragonal 
prisms, m.p. 146®>-160®, and the auriohloride 
BHAua«,3H|0 

in glistening rhombic plates** m.p. 129®-! 32® 
(hydrated), or 187®-188® (anhydrous). 

Indaeo^tine Cs4H4,OioN is the charaotcristic 
alkaloid of Aeonitum chaamanthum (Stapf.), a 
species indimnous to India, where it is loiown 
as ‘Mohri.^ It may be extracted from the 
roots by the process described under aconitine. 
The alkaloid was isolated and characterised by 
Dunstan and Andrews (CShem. Soo. Trans. 1005, 
^•7. 1620). 

Indaconitine crystallises in 
several characteristic forms, but can bo obtained 
in crystals, which are almost identical in form 
with those of aconitine {ate above). It has m.p. 
202®-203®, and is dextrorotatory *4-18® IT. 

The salts crystallise well and are Iffivorotatory. 
The hydrochloride B*HCJl,3HgO, m.p. 166®-171® 
(anhydrous), [a]jj=*— 16® 60', forms rosettes of 
silkv needles ; the hydrobromide, m.p. 183®> 
187®(anhydrou8), [a]jj>=— 17®16', crystallises from 
water in large hexagonal prisms ; the auri- 
chloride B^HAuCLtCHClg, m.p. 147®-162®, forms 
rosettes of needles from chloroform by addition 
of ether. 

Indaconitine gives a characteristic crystalline 
precipitate with potassium permanganate, the 
crystals being smaller and less stable than those 
given by aconitine. Like aconitine, indaconitine 
18 highly toxic (Gash and Dunstan, Proo. Boy. 
Soo. 1906, B, 76, 468). 

j^eoeftons.— Indaconitine contains four meth- 
oxyl groups. On hydrolysis it behaves in a 
manner analogous to aconitine, yielding in the 
first stage acetic acid and indbenzaconine, the 
latter, on further hydrolysis, furnishing benzole 
acid and pseudaoonine. The latter is also the 
final basio hydrolytic product of pseudaconitine 
(p. 634), so that |)8eudaoonitine differs only 
from indaconitine m containing a veratroyl 
group in place of a benzoyl group. Indaconitine 
IS therefore aoetylbenzoylpseudaconine, and may 
be represented thus — 

[Me0].C„H.,0,N<g^” 

Indbeniaeonlne (Benzoylpseudaoonine) 

C„H4409N 

the first basio product of the hydrolysis of 
indaconitine is amorphous and dextrorotatory, 
[al^n+33® 36', bat tarnishes well crystallised, 
Umrotatory salts. The hydrobromide 
B*HBr,2H,0, 

m.p. 247® (anhydrous) forms rosettes, the 
' hy^chloride B*HC^ m.p. 242®->244®, oota- 
bkhra, and the auriehloride, m.p. 180®-182®, 
mange rosettes. The auriohloro derivative, m.p. 
234®-286®, forms minute cr iourless crystals. 


On hydrolysis with alkalis indbenzaconine 
furnishes bmzoio acid and pseudaoonine [ate 
p. 634). As is the case with aconitine the 
removal of the acetyl group virtually abolishes 
the toxicity of indaconitine and indbmzaoonine 
IS scarcely poisonous in the ordinary sense 
(Clash and D^tan, I.C.). 

Pyroindaoonitine 038^4 aO&N exists in two 
forms. The a- form is produced when the free 
base, indaconitine, is heated at its melting- 
point. It is amorphous, but furnishes a orysted- 
line hydrobromide B*HBr, m.p. 194®-198®, 
which, like the alkaloid itself, is dextrorotat^y. 
The auriohloride is amorphous. When indaooni- 
tine hydroohloride is heated at its melting-point 
it furnishes 3-pyroindaconitino, which is also 
amorphous, but yields a forystalline hydro- 
bromide, m.p. 248®-260®. 

Jaj^conitlne G34H430i^N is the characteristic 
alkaloid of Jajianose aconite roots of commerce. 
It may be prepared from this source by the 
method described under aconitine. According to 
Makoshi the roots of true Aeonitum FiacMri 
(Reichb.) contain jesaoonitino {aee below), whilst 
japaconitine is furnished by the roots of a variety 
grown in Hondo (Arch. Pharm. 1909, 247,270), 
which Holmes regards as A. uneinatum, var. 
japonicum, Japaconitine has been frequently 
investigated, and up to 1900 the balance of 
evidence was in favour of the view that it Was 
identical with aconitine (Mandclin, Arch. Pharm. 
1886, 223, 97, 120, 161 ; Lttbbe, Inaug. Diss. 
Dorp. 1891 ; and Freund and Beck, Bcr. 1894, 27, 
720. The non>identity of the two alkaloids had 
already beenassci tod by Wright and Luff (Ohem. 
Soo. Trans. 1879, 36, 387), and was finally proved 
by Dunstan and Read {ibid, 1900, 77, 46). Their 
conolusions have I eeu confirmed by Makoshi (Lc.). 

Propertiea, Forms rosettes of prismatic 
needles, m.p. 204*2®, and is crystallographioally 
distinct from aconitine and pseudaconitine. 
Dextrorotatory ([a]}®’^« +23*6® in alcohol), but 
furnizbes Isevorotatory salts. The hydroohloride 
B HCl, 311,0, m.p. 149®-160®, 23*8® in 

water, crystallises from alcohol and ether in 
rosettes of hexagonal plates ; the hydrobromide 
B'HBr,4H,0, m.p. 172®-173®, crystallises simi- 
kirly ; the auriehloride exists in two modifica- 
tions, the a- form, m.p. 231® is stable and 
crystallises in opaque, golden-yellow needles ; 
the form, m.p. 164®-160®, is unstable and 
crystallises in yellow prisms. The physiological 
action of japaconitine is qualitatively identical 
with that of aconitine than which it is slightly 
more toxic (Cash and Dunstan, Proo. Boy* Soo* 
1902, 68, 379). 

Reactions, Japaconitine, unlike aconitine, 
reacts with mqth^d iodide to form a crystalline 
methiodide, and from this methyljapaconitine 
^s«H4g02iN’CH3, m.p. 206®, rosettes 01 colourless 
ne^les may be obtained. Japaconitine forms a 
crystalline triacetyl derivative, m.p. 166®, and 
contains four methoxyl groups. When heated 
alone it furnishes 1 mol. acetic acid and 1 mol. 
pyrojapaoonitine (u. infra), Gn hydrolysis it 
also Mhaves in a manner analogous to 
aconitine, giving first 1 moL each of acetic aoid 
and japbenzaconine. The latter may be further 
hydrolysed to benzoic acid and japaconine. 
Japaconitine is therefore acetylbenzoyljapaoo- 
nine, and may be represented tuua (D. a. U.)— 

.NHCg^ 
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unlike the analogous benzaconine Jt < 
though with difficulty, m.p. 183**. 
tatory ([a] •« 4-40*16® in alcohol). 


Japbensaeonine I^aaTl4/0|oN, the fizat basic 
hydrolytic product of japaoonitine, also occurs 
with this alkaloid in Japanese aconite roots. 
Unlike the analogous benzaconine Jt oirstaUises, 

ileztroro- 
The salts 

crystallise well, and are laevorotatory ; the 
hydrochloride B*HC1,H|0, m.p. 253^ forms 
ipinute rosettes ; the aurichloride B'HAuCl4 
crystallises from alcohol and then melts at 216®. 
The colourless aurichloro derivative 
CaaIl4.0ioNAua,. 

m.^n 178®, forms rosettes of needlc8.(D. a. R. l.e.). 

Japaconine US4H44O4N, the final basio pro- 
duct uf the hydrolysis of japaconite or jap- 
benzaconine, is am'^rphous, and hygroscopic and 
yields hygroscopic salts, which crystallise with 
difficulty. Its solutions reduce gold chloride and 
Fehling^s solution. The base is dextrorotatory 
(D. a. R. I.C.). 

pyrojapaconitlne is formed by 

heating jafiaconito at its melting-point, uhen 
1 mol. of acetic acid is evolved. Crystallises 
in colourless needles, m.p. 167®-168®, is Invoro- 
tatory ([a]^n— 06*80® in alcohol), and furnishes 

well-orystallised salts ; the auriohloride 

B*HAu0l4. 

m.p. 160®-! 01® (from chloroform), or 188®-189® 
(from alcohol a>nd ether). On hydrolysis by 
alkalis the base gives rise to 1 mol. benzoic acid 
and a new base pyrojapaconinet which is amor- 
phous, hygroscopic, and IsBvorotatory, and 
furnishes amorphous salts. 

According to Schulze and laebner (Arch. 
Pharm, 1913, 251. 463; 1916, 264, 667), pyro- 
japaconitine C43H4.0«N, m.p. 171**, and pyro- 
japaconine are identical with pyraconitine 
and pyraconine respectively. As aconitine and 
Japaconitine both give ozonitino (q.v.) on oxida- 
tion, these two alkaloids miiSw bo closely related. 

Jesaoonitine , ^N, isolated by Makoshb 

(Arch. Pharm. 1909, 247, 261) from ' Btishi * 
roots obtained from a species of aconite, A. 
Fiacheri (?), found in the island of Hokkaido or 
Jeso in Japan. It was not obtained crystalline, 
but a crystalline tnaoetyl derivative, m.p. 213®, | 
was prepared. On hydrolysis jesacomtine yielded 
benzoic acid, anisic acid, ana aoonine, identical 
with that obtained from aconitine, so that it is 
regarded as benzoylanisoylaconJne. Jesacom- 
tin^is higlily toxic (Makosm, lx.). 

Lappaconitine G,4H4s04Nt, obtained by, 
Rosendahl (J. Pharm. Chim. 1896, [vi.] 4, 262) 
from the roots of Aconifum scpfeninonale(Koelle). 
It crystallises in hexagonal prisms, m.p. 206®, is 
dextrorotatory, shows a reddish-violet fluores- 
cence in ether, and furnishes crystalline salts. 
On hydrolysis it yields two bases ; one, m.p. 9.8®, 
readily soluble, and the other, m.p. 106®, nearly 
insoluDlc in ether ; at the same time an acid, 
m.p. 114®, giving a purple colour with ferric 
chloride, is produced. Lappaconitine is highly 
toxic. The roots also contain eynoclonine 
CtfHiiOigN. (amorphous, bitter, and much less 
toxic than lappaconitine) and sepknlrionaline 
C3,H4,04Ng, amorphous, bitter, and about 
equal in toxicity to cynootonine (c/, Orloff, 
P. Z. f. R. 1907, 36, 213). 

LycMonltine CseH430.ol^ obtained by 
Dragendorff and Spohn (P. £ f. R. 1884, 23, 


313) and later ^ Schulze and Bierling (Arch. 
Pharm. 1913, 8) along with mpoeionine 

(OggH^gOtoNt) and an unnamed base, from the 
roots of Aeoniium Lyeodonwn (Linn.), is amor- 
phous and dextr rotatory. On hydrolysis with 
acids it furnishes anthranoyl-lycoctomne (Dra- 
gendorS’a lycaconine) and succinic acid. On 
hydrolysis with sodium hydroxide lycootonine 

, H4O and lyooctoninic acid GnHi fi |N, 
both crystalline, are formed. Lycootonine had 
been found previously by Hubsohmann in the 
roots (J. 1867, 416 ; 1866, 483 ; Wright and 
Luff, Pharm. J. 1878-9, [iii.] 8, 169). All the 
alkaloids described are heart TOisons. 

Pseudaeonltine CsgHgiOnN. The character- 
iatio alkaloid of Acanitum deinorrhizumt the roots 
of which form Ntpaul aconite of commerce. It 
may be extracted from the roots by the process 
described under aconitine. Pseudaoonitine has 
been frequently examined (Wright and Luff, 
Ghem. Soo. Trans. 1878, 33; 151 ; Mandolin, 
Arch. Pharm. 1884, 222, 97, 129, 161), and most 
recently by Dunstan and Carr (dbem. Soo. Proo. 
1896, 154 ; and Ghem. Soo.lVans. 1897, 71, 3^). 

Properties, Colourless orystala of rhomboidal 
shape, m.p. 211®-212®(deoomp.); [a]^ — hl8 od' 
in alcohol. Readily soluble in alcohol, less so 
in ether, very slightly in water, almost insoluble 
in light petroleum. The salts are Isevorotatory ; 
the hy^obromide B'HBr,2H30, m.p. 191® 
(anhydrous), and the nitrate B'HNO^SHgO, 
m.p. 192®, are crystalline. The hydrochloride 
is amorphous, but the aurichloride, m.p. 236®- 
236®, may bo crystallised from aloohoL Pseud - 
aconitine exerts a physiological action similar to 
that of aconitine, out is much more toxic (Cash 
and Dunstan, Proo. Roy. Soo. 1902, 68, 379). 

Reactions, On heating an aqueous solution 
of a neutral pseudaconitine salt in a closed tube 
at 136® the alkaloid undergoes hydrolysis, 
yielding 1 mol. acetic aoid and 1 moL vcratroyl- 
pscudaconine. The latter is hydrolysed in the 
cold by sodium hydroxide in alcoho( furnishing 
1 mol. of veratrio aoid and 1 mol. of pseudaconine. 
When heated at its melti’-s-point pseudaconitine 
loses 1 mol. aoetio aoid and furnishes pyropseud- 
aconitine. Pseudaoonitine, in view of these 
reactions, is to be regarded as aoetylveratroyl- 
psoudaoonine 

[MeO].C„H.,O.N<g^ 

No relationship has yet been traced between 
pscudaconine and aconine (D. a. G. ; c/. Freund 
and Niederhofheim, Ber. 1890, 29, 6, 862). 

Vera^oylpsoudaeonlne 0,4H430tiN. The 
firet basio product of the hydrolysis of psoud- 
aconitino {see above) s^rates in large, irregu- 
larly-shaped crystals from ether, m.p. 199®, 
readily soluble in chloroform or alcohol, nearly 
insoluble in water or light petroleum, [a]^B 

—38® 18' in alcohol. The salts crystallise well ; 
the hydrobromide B'HBr,3HtO in prisms ; the 
nitrate B'HNOg in rosettes (» rhombic prisms, 
m.p. 222® and 232® } the auriohloride B*HAuGl4 
is amorphous (D. a. C.). Veratroylpseudaoonine 
is not toxic (C^h and Dunstan, l,c.), 

Pseudaconine Gg.H^OgN, the ultimate 
basic product of the hydrolysis of psendaooni- 
tine and indaoonitine, forms largo oolourlesB 
crystals, m.p. 94®-96®, containing 1 mol. alcohol 



ACRIDINE. 


eo 


of crystolliMtion. Dexteorotjtory 3^** 12' 
in water). The salts are amorphous. 

PytopMUdMOnlttni 0,4H4,Ot,N. Formed 
by hating peadacoDitine ate is melting-point, 
when 1 mol. aoetio acid is evolved ; it is amor- 
phous, but yields a hydriodide, crystallising in 
prisms (D. a. C. l.e.). \ 

Atislne OitH^iOaN, tbeoharactelistic alka< 
[old otAconitumheterophyUum (Wall) of Northern 
India. It was first isolated by Broughton in 
1873, and was subsequently examined by Waso- 
wica (Arch. Pharm. 1879, 214, 193), Wright 
(Year Book Pharm. 1879, 422), and later by 
Jowett (Chem. Soo. Trans. 1890, 09, 1518). 
Atisine is amorphous, readily soluble in water, 
alcohol, ether, or chlorofo.m, Isovorotatory 
m alcohol). It fields crystal- 
line, dextrorotatory salts j B-llCl, pi isms, m.p. 
296® (decomp.) ; B HI, tablete, m.]). 279°~281® 
(decomp.) ; Ba’HjPtClj, crystalline yellow 
powder, m.p. 229® (decomp.). When heated with 
water in a closed tuboatisino furnishes ^hydrate 
Cj jHjjO.N, which is amorphous, and 3’ield3 amor- 
^'''ous salts. Atisine is non-toxic (Jowett, I.e.). 

Palmavudne. A colourless, crystalline, non< 
to^o alkaloid, m p, 286®, found in the roots of 
Aconitum palmatum (D. Don.), a species indi- 
genous to India (Dunstan and Carr). 

^ The fullest account of the aconite alkaloids 
IS by F. H. Carr, in Allen’s Commercial Organic 
Analysis, vol. vl 1912, pp. 253-287. (I 11 

ACORN OIL, Although acorn oil has not 
yet become a commercial article, the yield of 
oil obtainable would repay the cost of collecting 
the acorns, while the oil-cake would furnish a 
valuable feeding stuff. Baker and llulton 
(Analyst, 1917, 42, 361) found that a ton of 
fresh acorns from Querciia robur yielded, on the 
average, 16*75 cwt. of kernels, corresponding to 
8*6 cwt. of dry kernels. Two specimens of 
peeled acorns had the following composition : 
Moisture, 1*45 and 3*32; ash, 2'26 and 2*70; 
oil, 6*0 and 4*7 ; proteins, 6*65 and 7*76 ,* 
reducing sugars, 4*9 and 8*18 ; cane sugar, 1*9 
and 0*1 ; starch, 67*1 and 55*7 ; pentosans, 
3*2 ; and crude fibre, 2*2 and 2*28 p.c. By 
hydrolysing the crushed nuts with dilute sul- 
phuric acid, and neutralising and fermenting the 
nitrate 12*7 p.o. of alcohol (calculated on the 
fresh acorns) was obtained. Acorns, unlike 
chestnuts, do not appear to contain a liquefying 
enzyme. 

An oil extracted from the acorns of Q. 
agrijolia was fluorescent and of a deep brown 
colour. It had sp.gr. 0*9162 at 15®, and iodine 
value 100*6, and belonged to the same type of 
oils as araohis oil (Blasdale, J. Amor. Chem. Soc. 
1896, 17, 936). 0. A. M, 

ACORUS CALAMUS (Linn.). The common 
sweet flag. The root is used by distillers to 
flavour gin, and the essential oil by snuff - 
makers for scentiim snuff. It contains a glucoside 
termed ocorm CteHioOs (Faust, Bull. Soc. chim. 
[2] 9, 392; Thoms, Arch. Pharm. [3j 24, 466) 
(tf. Calamus). 

ACRIDINE OisHtN. Crude anthraoene con 
tains basic substances, and among them acri- 1 
dine, which can be isolated by extracting it with. I 
dilute sulphuxio acid and addi:^ potassium di- 1 
ohiomate to the acid solution. The precipitated 


acridine chromate is then recrystallised from 
water, treated with ammonia, ana the base crys- 
tallised from hot water (Qraebe and Caro, 
Annaien, 168, 266 ; Ber. 13, 90). 

Acridine has aJso been obtained syutludti- 
oally by passing the vapours of orthotolylaniline 
and of orthoditoWlamine throimh a tube heated 
to dull redness (G., Ber. 17, 13TO) ; by severally 
heating ^nnio acid and diphenylamine (Bemth- 
sen and^ender, Ber. 16, 767, 1802), ohlorofomv 
<iiphenylamine and zinc oxide (Fischer and 
Komcr, Ber. 17, 101), and aniline and salicvlaldo- 
hyde (Mohlau, Ber. 19, 2461) with zinc chloride ,* 
by passing o-amidodiphenyl methane throigh 
a layer of load oxide heated to dull redness 
(Fischer and Schiitte, Ber. 26, 3086). By dis- 
tilling tetrahvdroaoridme wit(i litharge (Borsche, 
Ber. 41, 2203), and also from aoridone (Decker 
and Dunant, Ber. 39, 2720 ; XJUmann, Bader 
and Labhardt, Ber. 40, 4796). 

From iodobonzeno and o-aminobonzaldehydo 
boiled with nitrobenzene, sodium oarbonato 
and copper powder (Mayer and Stein, Ber. 1917, 
60, 1306). 

Properties. — Acridine crystallises in small 
colourless needles, or four-sidod rhombic prisms, 
sublimes at 100®, molts at 111®, boils above 360® 
without decomposition, and distils with steam. 
It is sparingly soluble in hot water, but readily 
soluble in alcohol, other, or carbon disulphide, 
ieldin^ solutions showing a blue fluorescence. 
Vhen mhalcd either as dust or vapour it oausos 
violent sneezing, and in solution both it and its 
salts cause much irritation on the skin. On 
treatment with nitric acid it yields two nitro- 
derivativea (m.p. 164® and 214®) and a dinitro- 
dorivativo (G. and 0.) ; potossyim permanganate 
oxidises it to 2 : S-qumolinedioarboxylio acid 
Oyll^NCCOgH),, and sodium amalgam reduces it 
to hydrofiendine. OmHuN (B. and B., Bor. 16, 
1971 ; B.,Bcr. 10,2831). The salts are yellow and 
crystallise well, but aro decomposed into their 
constituents on boiling. Heated with hydrogen 
and finely divided nickel, it forms 2 : 3-dimethyl 
quinoline (Padoa and Fabris, Atti R. Acad. 
Liiicei, 1907, [v.] 16, i. 021). The halogen addition 
compounds of acridine and its donvativos an 
formed by the direct action of the halogen of_ 
the acridine (Sonier and Austin, Chem. Soc. Trans. 
1904, 1 100) ; or by the action of a mixture of 
phosphorus oxychloride and pontachloride on 
thioaoridono (Fdingor, Bor. 33, 3370 ; D. H. 
120586 ; Edingor and Arnold, J. pr. Chem. (ii. j 64, 
182, 471 ; D. R. P. 122C07) ; for other methods, 
compare Dunstan and Stubbs (Ber. 39, 2402; 
D. R. P. 126796), Gracbe and La^odzinski 
(Annaien, 276, 48). Alkyl iodomagnesnim com- 
pounds of acridine have also been obtained 
(Sonier, Austin, and Clarke, Chem. Soo. Trans. 
1905, 1469). When exposed to sunlight acridine 
forms pale-yellow crystals, m.p. 276® (Omdorff 
and Cameron, Amer. Chem. J. 1895, 17, 568). 

3 : 7'dlmechyl- 2 ; S-dlamlnoacrldlne ^ or acri- 

* The system of numberfiiK the posliloiis In the 
acridine series adopted In this article and in that on the 
“ Acridine DyestunH," is that used In Richter's Lexdson 
viz.: 

N 
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is obtained by heating under preesuTe tetramino- 
ditolylmethane with hydrochloric acid and water, 
thcr product is then oxidised with ferric chloride 
or potassium pcrcarbonate KsOyO^ or hydrogen 
peroxide, and the resulting metallic salt decom- 
posed* with hydrochloric acid (D. B. P. 52324; 
Lymn, J. Soo. Chem. Ind. 1897, 16, 4 O 6 ; Ull> 
£iann and Mari6, Ber. 34, 4308 ; Haa8e,'^Ber. 36, 
589). It forms yellow crystals melting above 
300^, soluble in alcohol, acetone and pyridin, 
and forming a yellow solution in sulphuric acid 
wiih a neen fluorescence. It yields derivatives 
which form yellow, orange, brownish-, greenish*, 
and reddish-yellow dyes, and can be used on 
cotton, leather, woil, and silk. The following 
are some of the methods of preparation : 
(1) heating with mineral acids under pressure, 
when it 3 neld 8 aminohydroxy- and dihydroxy- 
dimethyl acridine (D. R. P. 121686; Chem. 
Zentr. 1901, ii. 78; J. Soo. Ohem. Ind. 21, 
37) ; (2) heating with monochloracetio acid and 
water under preH.sure (D. R. P. 133788; Chem. 
Zentr. 1902, ii. 616 ; D. R. P. 136729 ; Chem. 
Zentr. 1902, ii. 1396); (3) heating with formalde- 
hyde and mineral acids under pressure (D. B. P. 
135771 ; Chem. Zentr. 1902, ii. 1233 ; J. Soo. 
Chem. Ind. 21, 112, 544, 402); (41 by treatment 
with formaldehyde and aromatic bases (J. Soo. 
Chem. Ind. 22, 140 ; D. R. PP. 131365, 132116 ; 
Chem. Zentr. 1902, ii. 172 ; i. 1288) ; (5) heating 
vt ith benzyl ohiorido in prosonco of nitrobenzene 
(J. Soo. Chem. Ind. 21, 701, 1630) ; (6) treating 
with aqueous formic acid {ibid. 21, 90) ; (7) heat- 
ing with glycerol at 150®-180* (D. R. P. 151206) : 
(8) alkylation (Ullmann and Mari6, Ic . ; D. R. P. 
79703; J. Soo. Chem. Ind. 19, 1010; 24, 
840). 

Phenylaorldlne CjbH^sN is obtained by heat- 
ing diphenylamino with benzoic acid and zinc 
omoriao at 260® (fiernthsen, Ber. 16, 3012 ; 16, 
767, 1810), and melts at 181*. The hydroxy- 
phcnylacridines which form yellow dyes in 
mineral acids can be obtained similarly by using 
the corresponding hydroxy acid (Landaucr, BulL 
J0OO. chim. 31, 1083). 

Other acridine dyes can be obtained by 
heating tetraminoditolylmethane or the leuco- 
compounds of amino-acridines with mineral acid 
and alcohol under pressure, the shade depending 
on the quantity and nature of alcohol and m 
acid used (J. Soc. Chem. Ind. 20, 888; 22, 
1126 ; 23, 932). Also by the interaction of an 
aromatic or aliphatic m-diamino with an alde- 
hyde (tbtd. 21, 1529 ; Chem. Zeit. 14, 334 ; 
J. Soc. Chem. Ind. 17, 573; 22, 12U). By 
heating the formyl derivatives of 7n-diamines 
with ammonia salts or salts of organic 
bases at 150*-200* (D. R. PP, 149409, 
149410). For other methods of preparing 
acridine derivatives, many of which have dyeing 
properties, compare: Bizzarri, Gazz. ohim. itaL 

20, 407 ; Decker, J. pr. Chem. 153, 161 ; Mohlau 
and Fritzsche, Ber. 26, 1034 ; Volpi, Qazz. ohim. 
ital. 21, ii. 228 ; J. Soo. Chem. Ind. 19, 732 ; 

21, 338, 701, 911, 1628 ; Goodwin and Benior, 
Chem. Soo. Trans. 1902, 285 ; J. Soc. Chem. Ind. 

22, 23, 90; D. R. PP. 133709, 107517; Ullmann, 
Ber. 36, 1017, 1026; D. R. P. 141297, 141356; 
Bflnzley and Docker, Ber. 37, 576; Fox and 
Hewitt^ Chem. Soc. Trans. 1904. 529; 1905^ 


1058; Sohdpff, Be- 26, 1121; Ber. 27, 2316; 
Duval, Compt rena. 142, 341 ; Koenigs, Ber. 32, 
3599; Ullmann andMaag, Ber. 40, 2515; Austin, 
Chem. Soo. Trans. 1908, 1760 ; D. R. PP. 118075, 
152662 ; Pope ai.d Howard, Chem. Soo. Trana 
97, 83. 

Naphthscridine and its derivatives, whioh 
can also bt used as dyes, have been prepared (J. 
Soc. Chem. Ind. 18, 826; 19, 237 ; Ullmann and 
Naef, Ber. 33, 905, 912, 2470 ; J. Soc. Chem. Ind. 
20, 37, 673; D. R. P. 126444; Ullmann and 
Baozner, Bor. 35, 2670 ; 37, 3077 ; Ullmann and 
Felzvadjian, ibid. 36, 1027 ; Ullmann and Farre, 
ibid. 37, 2922 ; Ullmann and Fitzenham, ibid. 
38, 3787 ; Baezner and Gardiol, ibid. 39, 2623 ; 
Baezner, ibid. 2650 ; Senior and Austin, Chem. 
Soc. Trans. 1907, 1233, 1240 ; Seniei* and Comp- 
ton, ibid. 1907, 1927 ; Baezner and Gueorgnieif, 
Ber. 39, 2438). 

In the case of many of the naphthacridine 
derivatives, patents have been taken by Ullmann 
(D. R. PP. 104667, 104748, 108273, 117472, 
119673, 123260, 127686, 128764, 130721, 130943); 
the further alkylation of some of these, as well 
as of other acridine compounds has been patent*^ 
by the A.-G. fflr Anilin-Fabrikation ^D. R. PP. 
1*17066, 129479). 

ACRIDINE DYESTUFFS. Acridme, though 
colourless, shows absorption bands in the ultra- 
violet. The salts are yellow, and the addition 
products with alkyl halides are also coloured. 
(For absorption spectra, see Dobbie and Tinkler, 
Chem. Soc. Trans. 1905, 87, 269.) The salts 
of acridine itself ore useless tinctorially, but 
amino- and alkyl-amino derivatives of acri- 
dine, phenylacridinc, Ac., ore useful dyestutls, 
generally producing yellow shades. For the pre- 
paration of the(>o substances, synthesis is generally 
resorted to, although acridine may bo nitrated 
(Graebe and Caro, Annalcn, 1871, 158, 275), and 
a-nitro-acridiiio has been reduced to an amino- 
acridine (Anscliiilz, Her. 1884, 17, 437). 

The trinitrophenylacridine obtained by direct 
nitration of phonylocridine gives a dyestuff on 
reduction (? triaminophenylacridine), which dyes 
silk yellow ; no use seems to have been made of 
this observation (Bemthson, Annalen, 1884, 
224, 30). 

One dyestuff of the acridine series, ehrya- 
aniline, is formed as a by-product in the manu- 
facture of magenta (Hofmann, Jahresb. 1862, 
340). Its constitution 


N 



was 'determined by O. Fischer and G. Komer; 
probably two molecules of aniline and one of 
p-toluicune condense when oxidised to qpp* 
triaminotriphenylmetbane, this yielding ohrya- 
aniline when further oxidised. This view is 
supported by the fact that when opp-triamino- 
tripnenylmethane is heated with axsenio acid to 
150*-1^, ohiysaniline is produced (Annalen. 
1884, 226, 188). 
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, The pMoesM for prqwring amino- ddriva- 
tiiTw of acridine on a tM!)nioal scale may be 
illus^ted by the methods of preparing benz<h 
favine,, rhetminet and diamnoamdifibenz?ie acid, 
^ Symmetrical diamino-a^dtnes aie ob- 
tains by the condensation 6f aldehydes with 
fii'diamines, removal of the elements oi ammonia 
from the resulting tetra-amino* compound by 
heating with hydrochloric acid, and oxidation 
of the dihydro>aoridine thus produced with 
feme chloride, Tn the oase of henzoflavtne 
benzaldehyde and m<toluylene-diamiuo are 
employed. 


C.H,CHO+2 





The reaction is capable of considerable modi- 
fication ; thus from formaldehyde and dimethyl- 
m-phenylenediamine, acridine orange is produced 
in an analogous manner. It should be noted, 
however, that m-phenylenediamine gives pro- 
ducts which are evidently mixtures, and cannot 
be purified (B. Meyer and B. Gross, Ber. 1890, 
32, 2366). 

Diamiiiuacridine may, however, be obtained 
from pp'-diamino-diphenylmethane {see below). 

The reaction between an aldehyde and a 
m-diamine may be carried out in two stages; 
Meyer and Gross {l.c. p. 2358), for example, 
prepared a moiiobcnzylidene derivative of m- 
toluylcnediamine and converted this into 
tetrammoditolyl-phonylmethane by warmins 
its alcoholic solution with the hydrochloride ot 
m-toluylcnediamine for three hours at 60*~70*. 
Acridine itself may be obtained in good yield 
by heating 8ali<wlidene'aniline with phosphorus 
pentoxide to 260” (Blau, Monatsh. 1897, 18, 123). 

A closely-relaicd synthesis of acridine 
derivatives is that of F. Ullmann and E. Naef 
(Ber. 1900, 33, 906). When dihy<b:oxydi- 
naphthylmethane, the product of the interaction 
of formaldehyde and /S-naphthoI, is heated with 
p-toluidine hydrochloride, methylhydronapth- 
acridine is produced with eliimuation ox iS- 
naphthol. 

CH,(CioH,OH), + NH,C,H4CH, 

= C,.H,OH -f 

Rheonine is obtained from m-amino- 
phenylauramine or tetramethyldiaminobenzo- 
phenone and m-phenylenediamine at 200% using 
zinc chloride as condensing agent. 


(CH,),n/\ 




-^C(ix)r 


^{CH^)r 

k'omo derivatives of xanthene, when ener- 
getically treated with ammonia, suffer replace- 
ment of the pyrone oxygen atom by an imino- 
group. By tiio prolonged heating of fluorescein 
witli ammonia under pressure, B. Meyer (Ber. 
1888, 21, 3376) obtained an acridine derivative, 
to w Inch one of the three following constitutions 
is assignable : — 


NH,/ 


NH N 

\NH, \j/\NH, 

* . '\/\/\/ or 



C.U.< 


/ 


lOOH 


NH 

NH»/\/ 



NH, 


s/' 


c.u/ 


\ 


co- 


The salts of the tetra-ethyl derivative of this 
compound form the dyestun known as /aeeostne. 

Acridine Orange NO (Farbwerk Mfiblbeim, 
D. R. P. 69176, 17 Deo. 1889), 0„H,N[N{CH.),1,. 
HCl*ZnCl, was discovered by Bender. It is 
produced by condensation of climethyl-m- 
phenylonediamine with formaldehyde and pro- 
ceeding according to the method referred to 
above. It forms an orange powder whiob 
dissolves in water or alcohol with orange- 
red colour and gr^nish fluorescence. Tne 
aqueous solution is reddened by hydro- 
cUorio acid ; sodium hydroxide gives a yellow 
precipitate. The solution in concentrated sul- 
phuric acid is nearly colourless and has a greenish 
fluorescence, dilution with water produces suc- 
cessively red and orange colouration. The dye 
gives orange shades, fairly fast to ^ht and soap, 
on cotton mordanted with tannin ; it is also 
suitable for printing and leather-dyeing. 

The analogous dyestuff from aiethyl-m- 
phenylenediaimne is described in D. B. P. 

the substances derived from monoalkyl- 
pkenylenediamines in D. B. P. 70936. 

Another method of propariDg acridine orange 
Is to heat 12 kilos, of aminodimethylanilins 
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eitiiAf trith 10 kilM. of formio Mid (8p.gr. I '2) and 
10 kilos, of zinc chloride gradually to lfi0*-160*, 
or with 12 kilos, of dehydrated oxalic acid, 10 
kilos, of glycerol an.d 11 kilos, of zinc chloride to 
150*. l&ating and stirring are continued as 
long as any darkening of shade can be observed, 
ammonia is liberated during the reaction, and 
formio acid having been employed instead of 
formaldehyde, the product when worked up 
yields the dyestuff instead of its leuco- compound 
(D. R. P. 67126). 

The formyl derivatives of m-dia mines may 
also be used (D. R. PP. 149049, 161C09), or the 
* mi lhano * carbon atom may be furnished by 
various formyl derivatives such as formanilide 
(D. R. P. 149410). 

Acridine Orange, R extra (Farbwerk MUhl- 
hciin, D. R. P. 68908, 7 Feb. 1890). The dye- 
stuff is the hydrochloride of tetramothyldia- 
mino-5-phenylocridine, and is obtained from 
dimethyl-ta-phenylenediaminc and benzaldehyde. 
Its reactions and uses are similar to those of 
Mark NO. 

D. R. P. 68008 also mentiuns the use of 
m-aminodimeihyl-o-ioluidino. If the latter base 
bo condensed with p-nitrobenzaldehydo to a 
triphonvlmethane derivative, the nitre- group; 
reauoed and condensation and oxidation ofmeted 
in the usual way, an acridine dyestud possessing 
two tertiary and one primary amino- group is 
obtained (iX K. P. 70065; compare D. R. P. 
71362). i 

'i'ho use of acetaldehyde as a component was 
claimed by the Qes. f. Chem. Ind. (D. R P. 
143803, 13 March, 1002). 

Acridine Yellow (Farbwerk Mahlheim, D. R. P. 
52324, 27 June, 1889) was, like the two pro- 
coding colours, discovered by Bender. Its 
oonstitution is that of a 2 : 8-dianiino-3 : 7- 
dimethylaoridino hydrochloride; it is produced 
from formaldehyde and in-toluylen^iamine. 
It forms a yellow powder soluble in water and 
alcohol with yellow colour and green fluore- 
scence; yellow precipitates are obtained 
with hy^oohlorio acid (hydrochloride) and 
sodium hydn)xido (free base). Silk is dyed a 
greenish yellow with green fluorescence, cotton 
(tannin mordant) is emoured yellow. 

The salts with aliphatic acids, e.g, formate 
and acetate, are more soluble (Farbenfabrikon 
vorm. F. Bayer, D. R. P. 140848, 13 March, 
1003). Acridine yellow is converted into an 
orange yellow, more easily soluble dvestufl by 
heating with twice its weight of glycerol for 
4-6 hours to 170*-180* (Badischo Anilin uiid 
Soda-Fabrik, D. R. P. 151206, 26 July, 1003). 

(For the action of aldehyde on aniline yellow, 
iM D. R. P. 144092.) (Compounds, probably of 
aoridinium type, are obtained from aniline 
yellow by the action of monoohloracetio acid 
(M. L. B.. D. R. PP. 133788, 136729, 152662) 
and other dyestuffs by condensation with 
formaldehyde and m-diamines (D. R. PP. 131365, 
132116, 135771). Either one or both of the 
amino- groups in acridine yellow and analogous 
dyestuffs are replaced by hydroxyl on heating 
with dilute sulphuric acid to 180*~220* (D. R. P. 
121686), and similar compounds may be obtained 
from formaldehyde by condensation with amino- 
oresols (D. R. P. 120466). 

X>ibeozyl aniline yellow is claimed by Bayer 
A Co. as a useful leather dyo (D. R. P. 141207). 
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BdllloflgvUlf fseveral marks) 2 : 8-diamino. 
3 : 7-dimothyl-5-phc lylacridine hydroohJoride 
Ci,H*N(C.H,)(NH,),(CH,)„HCl, was discovered 
by Rud 3lph in 1887, and introduce comn^eroially 
by K. Ochler in 1888 (D. R. PP. 43714, 28 July, 
1887 ; 43720, 45294, 45298). Its ^preparation has 
been given al^ve. iTie dye, which is usually mixed 
with dextrin, forms an orange powder, difficultly 
soluble in i jld water, more eawy in hot. Both 
aqueous and alcoholic solutions are orange, with 
strong green fluorescence. Hydrochloric acid 
gives an orange precipitate, sodium hydroxide 
liberates the yellowish- white base. The solution 
imoonoentrated sulphuric acid is neenish yellow, 
and shows a very strong green fluorescence. It 
may be used for dyeing both mordanted and 
unmordanted cot^t m. The acetate and lactate 
are more readily soluble (Bayer, D. R. P. 
142453, 19 April, 1902); it behaves like aoridico 
yellow when heated with glyoeroL 

Tlie Patent Phosphines of the Ges. f. Chem. 
Ind. m Basel are obtained by alkylation of 
benzoflavino and acridine yellow (D. R. P. 
79703; compare D. R. P. 131289). 

Corlophosphlnes (Bayer A Co.). These dye- 
stuffs, which are suitable for leather-dyeing, are 
probably unsymmctrically alkylated diainino- 
acridiucs obtained by condensation of formalde- 
hyde with one molecule of an asymmetrically 
dialkylatcd m-diamino and one molooule of a 
non -alkylated or monoalkylated m-diamine, with 
subsequent elimination of ammonia, and oxida- 
tion (D. R. P. 133709). 

Chrysanillne Ci«H||N occurs under many 
other names commercially, e.g. Leather yellow, 
Xanthine, Philadeljphia yellow Leather brown. 
Phosphine (several marks), Ko, Reference to 
Its occurrence in the manufacture of magenta 
lias already been made. Numerous methods 
, for preparing homologues and analogues of this 
! substance have been patented (D. R. PP. 65985, 

: 78377, 79263, 70685, 79877, 81048, 94961, 

1 102072,-106710, 114261, 116353). The method 
adopted for this purpose by Meistcr, Lucius, and 
Briining may bo mentioned (D. R. P. 65085, 
2 April, 1802). p-Toluidine and its hydro- 
chloride are heated with ferric chloride (oxygen- 
carrier), and m-nltroaniline gradually added. 
The resulting dyestuff is the next higher homo- 
logue of chrysaniline, containing a methyl- group 
in position 7. 

According to Friedlander (Fortsclvitte der 
Theerfarbenfabrikation V. 373), the yields pro- 
duced by this method are not good, but the 
reaction between p-aminobenzaulehyde or a 
derivative and phenyl-tn-phenylene- (or toluyl- 
ene-) diamine proceeds nearly quantitatively : 
C,H,'NH-C4I,-NH, -f 0,H4(NHa)CHO + O 
- 2H,0 -f 

^ C C.H.-NH, 

B. A. S. F.. D. R. PP. 94961, 102072). 

Chrysaniline forms an orange-yellow powder, 
soluble in w'ater and alcohol with reddish-yeUow 
colour and yellowish-green fluorescence. The solu- 
tion is unaltered by hydroohlorio acid ; sodium 
hydroxide gives a bright yellow precipitate. 
Chrysaniline is chiefly um in leather dyei^. 

CorloflaviM (Griesheim-Elektron). ^lese 
dyestuffs, which occur commercially as marks 
Q, GG, R, and RR, are used in leather-dyeing 
and oalioo-pmting. They form red or reddish- 
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blown powdeiSt which diaaolve iu concentrated 
■ulphurio acid with yellow oijorange colouration 
and green fluoxeaoence; these solutions turn 

or reddish-brown on dilution. 

Flavmine (Meister, Luoiv> end BrQning, 
D. B. P. 49850. 11 May. 18895 is a tetraeth>a. 
diaminoacridylbenzoio acid, >^hich is obtained 
by heating m-acetaminodimethylaviline with 
phthalio a^ydridc. It has been examined by 
(jrandmoiigin and Lang(B<T. 1909. 42. 4014). 

The hydrochloildo crystallises in shining 
brownish-yellow needles, the sulphate in prisms 
exhibiting a cantharides lustre. The base is 
precipitated from the salts by sodium carbonate, 
and forms golden-y< How shining leaflets. 

Flaveosme dyes silk golden } ellow (yellowish- 
green fluorescence) from a fee^'iy acid bath ; wool 
and cotto.. (tannin mordant) are coloured 
reddish yeUow. The colours are fast. 

Substances closely related to fla\ cosine are 
obtained by the esterification of the product of 
the interaction of ammonia and fluorosoeln 
(B. A. S. F.. D. R. PP. 73334. 75933 ; compare 
D. R, P. 141356). 

Rheonine(Badischo Anilin und Soda-Fabrik). 
Thia dyestuff was discovered by G. L. Miiller 
(D. R. P. 82989, 16 Deo. 1894). Its method of 
preparation has already been given. Kheonine 
forms a brown powder, soluble in water and 
alcohol, with brownish-yellow colour and green 
’fluorescence. Hydrochloric acid turns the .solution 
brownish-red. caustic soda gives a bright brown 
precipitate. It is usoil for obtaining brownush- 
y clIow shades on lt‘ather or oot ton (tannin). Two 
marks. N (brighter), and A (darker), are in use. 


The use of diaminobenaophenone and of 
Michler*s hydrol for oondensation with m-dia- 
mines have been patented (M. L. B.> D. R. P, 
89660 and B. A. 8. F.. D. R. P. 86199 re- 
spectively). 

Many acridine and naphthaoridine dyestuffs 
containing only one amino- group have been 
dcsorilKHl (D. U. PP. 104667. 107517, 107626, 
108273, 118075, 118076. 126697. 130360); and 
it has also been observed that dyestuffs can hp 
obtained when onlv one molecular proportion of 
a m-diamino is usoa with formaldehyde (D. R. P. 
136017). 

Tryi^flavlne. The 2 : 8-diamino- 10- motSyl- 
acridonium salts first acquired interest on 
account of their trypanocidal action (L. Benda, 
Ber. 1012. 45. 1787). As mentioned above, the 
condensation of aldehydes Vith m-phenylene- 
diamine gives a mixture of subsCanoos. If 
pp'-diamino-diphoiiylmethane is nitrated in cold 
sulnhurio acid solution, oo'-dinitro-pn'-diamino- 
dipiicnylmothano is produced. The latter com- 
pound by reduction with tin and hydrochloric 
acid and' heating the resulting solution for four 
hours at 136" gives the stanniohloride of 2 : 8- 
diaminoacridino (L. Gassella ft Co. D. R. P. 
230412). After acetylation of the amino- 
groups. the nitrogen atom of the pyridine 
nucleus may bo metliylated by means of methyl 
toluene-sulphonato and the acetyl £|roups 
subsociuontly removed by heating with a nuxture 
of equal volumes of water and hydrochloric 
acid (c.g. MS). The steps in tiio formation of 
trypaflaviue may bo nqiiescuted thus 




AcNH 


U/U 


[NHAo 


AcNH 



NHAc 



Tlie reactions of trypaflavine have been 
studied by Ehrlich and Benda (Bcr. 1913. 46. 
1931). 

More recently the material has been intro- 
duced os an antiseptic under the name of 
Flavine, since changed to Acriflavino (Browning. 
Gulbransen, Kennaway, and Thornton. Brit. 
Med. J. 1917, i. 73). Whilst most antiseptics 
act more powerfully in water than in Idood 
serum, this behaviour is reversed in the cose of 
flavine. Thus flavine kills Staphylococcus nurens 
at a dilution of 1 : 20,000 in water containing 
0*7 p.a of peptone, but at 1 : 200,000 in blooa 
serum. Moreover, flavine haa b^n found to 
have a low toxicity. 

AoridOM OfH«<QQ>CcH| and ite simpler 


derivatives have no particular interest tinctori- 
ally. Anthraciuinono-1 : 2-acridone may, how- 
ever. be dyed from a vat giving reddish-violet 
shades on cotton (F. Uilmann and P. Oohsner. 
Annolen, 1911, 381, 9). The substance is 
obtained by wanning o-corboxyphonylamino'l- 
antbraquinone with sulphurio acid. 
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The necessary carboxylic acid can be obtained 
from l-chloroanthraauinoiie and anthramlio 
acid or from l-ammoanihiaotiinoiio and o> 
chlorobenzoic acid. The yields are better by 
the fint method, but those oy the latter process 
may be raised to orer 90 p.o., especially if in 
place of o*ohlorobenzoic acid, its metra ester 
be used (Meister, Ludus, and Bnining, D. B. P. 
246327 ; Ullmann and P. Dootson, Ber. 
1918, 61, 9^ On condensing l-anilino-anthra- 
quinono-2-carboxj^lio add a mixture of o- 
carboxyphenylamino-l-anthraquinone and 1- 
acndineanthraquinone-2-carboxylic add is ob- 
tained (Farbenf. rorm. Fr. Bayer & Co. D. B. P. 
262069). 

The shades obtained with anthraquinone- 
acridone are but ^tle altered when chlorine is 
introduced in position 4 of the anthraquinone 
nucleus, but the amino- and p-toiuidino deriva- 
tives dye blue and bluish-green respectively 
(Meister, Lucius, and Briining, D. B. P. 243586). 
Ullmann and Dootson have also prepared de- 
rivatives substituted in the phcnylcne nucleus. 

The dicarboxylio acid obtained from anthra- 
nilio add and 1 : 6-dichloroanthraquinonc may 
be condensed by sulphuric acid to anthraquinone- 
1:2, 6 : 6-diacridonc, which gives a deep blue 
vat and dyes bluish- violet shades (UAmann 
and Ochsnor). J. H. 

ACRIFLAVINE v. Try pa flavine, ai t. Acbidin e 
Dyehti/fks. 

AORODEXTRINS v. Dkxtbibs. 

ACROSE V . Oaruoiiydrates. 

ACTINIUM Ao 230 or 226(?). A radio- 
active element, discovered by Debicrne in the 
precipitate produced by adding ammonia and 
ammonium sulphide to tlie (iltrato from the 
hydrogen sulphide precipitate obtained in the 
course of analysing pitchblende (Debicrne, 
Compt. rend, 120, 503 ; 130, 900). lu fraction- 
ating the rare earths thus obtained fixmi pitcli- 
blende by means of their double nitrates with 
magnesium nitrate, actinium accumulates in the 
more soluble portions, together with neodymium 
and samariiiiu (Compt. rend. 139, 638). The 
predominating rare earth in pitchblende is 
thorium ; but actinium also occurs in uranium 
minerals containing; no thorium (Szihird, C'hom. 
S(^. Abstr. 1009, ii. 063). It is a constant con- 
stituent of uranium minerals, and is probably 
derived from uranium in a branch disintegration 
series. 

Actinium has not been isolated nor have its 
salts been obtained pure. It is similar in 
chemical properties to the torvalent rare earth 
elements of the cerium group, and, of these, 
resembles lanthanum most closely, l^ing more 
basic (A. von Wolsbach, Sitzungsberichte K. 
Akad. Wiss. Wien, 1910, 119 [iia] 1 ; Monatsh. 
1910, 31, 1150). It is precipitated by oxalic 
acid, and by ammonia. In presence of ammo- 
nium salts the precipitation of actinium is 
incomplete, but it is completely precipitated in 
presence of manganese from basic solutions as 
a manganate. Actinium preparations are 
highly radioactive, imparting induced radio- 
activity to surrounding objects (Curie and 
Debieme, Compt. rend. 132, 648); and, Like 
radium, they spontaneously give rise to helium 
(Debietne, Compt. rend. 141, 883); they are 
not luminescent. Their aqueous solutions uowly 
evolve hydrogen and oxygen in the proportions 


necessary to form water. Aotiniom salts also 
evolve an emamU m, an inert gas havhm a 
molecular weight of umproximatefy 230 (218 or 
222 f ), according to diniision experiments (J>e- 
bieme, Compt. rt id. 136, 446, 767; 138, 411 ; 
Bruhat, Compt. rend. 148, 628 ; Russ, Phil. Mag. 
1909, [vi.] 17, 412 ; Marsden and Wood, PhU. 
Mag. 1913, fvi.] 26, 948), and condensing to a 
Uqmd at -120° to —150° (Kinoshita, Phil. 
mg. 1908, [vi.], 16, 121). 

The spontaneous decomposition of actinium 
gives rise to seven successive products: radio 
ac/»ntum (Hahn, Ber. 39, 1606 ; Phil. Mag. 1907, 
[vi.] 13, 165), which is chemically non-sepmble 
ffom thorium, and which changes into (idinium 
X, a substance soluble in ammonia and non- 
separable from raiium (A. Fleck, Trans. Chem. 
Soo. 1913, 103, 381, and 1052) ; thl transforms 
into actinium emanation, a short-lived gas of 
the argon family, from which cxiinitim A, 
actinium B, actinium C, and aclimum D succes- 
sively arise (Hahn and Meitner, Chem Soc. 
Abstr. 1908, ii. 920) ; they constitute the induceil 
active deposit. The discovery of actinium A, an 
exoessis'ely short-Hvod product, intermediate 
between the emanation and what previoasly 
had been termed actinium has led to a 
ciiango of nomenclature, tiin products previously 
termed actinium A, B, and C respectively, being 
now called actinium B, G, D (Rutherford, 
Phil. Mag. 1911, [vi.j 22, 621). Actinium B is 
chemically non-separable from lead, actinium 
G from bismuth, and actinium D from thallium 
(Fleck, I . C .). Actinium itself is rayless ; all the 
other products except actinium B and D emit 
a-particlcs ; and rMto-actinium, actinium B, 
and actinium l> emit /3- rays (Hahn and Meitner, 
C!hcm, Soc. Abstr. 1908, ii. 1007 j Geiger, Phil. 
Mag. 1911, [vi.] 22, 201; Geiger and Nuttol, 
l»hil. Mag. 1912, |\i.J24, 617). 

Actinium is identical with the substance 
cmanium, discovered by Giesel (r. Giescl, Ber. 
35, 360S ; 36, 3-12 ; 37, 1696, 3963 ; Debieme, 
Compt. rend. 139, 538; Ann. Phys. 1914 [ix.] 
2, 428 ; Habn and Saoker, Ber. 38, 1943 ; cj. 
Marckwald, Ber. 38, 2264 ; Soddy, Chem. News, 
1913, 107, 97). 

It occupies the place in the Periodio Table 
between romum and thorium, and is ohemically 


non-separablo from mesothorium-2. Its parent, 
* eka-tantalum,’ has been separated from pitch- 
blende by distilling the latter in chlorine and 
carbon tetrachloride vapour at a low red-heat. 
It probably occupies the place in the Periodic 
Table between thorium and uranium, and gives 
actinium in an a-ray change (Soddy and Cran- 
ston, Proc. Roy. Roc. 1918. 94, A 384). 

Hahn and Meitner (Phys. Zeits. 1918, 19, 
208) indcpcndontlv have separated and studied 
more extensively the parent of actinium. This 
substance they call ' prot-actinium,* and r^ard 
as a l^her homologue of tantalum. It emits 
a-particles of 3*14 cm. range. Its half-value 
period lies between 1200 and 180,000 yean. 
The growth of actinium from this substance was 
observed: (1) by means of a-ray curves; (2) 
by daily measurement of actinium emanation 
extending over a month; (3) by the active 
deposit collected in increasing quantities on a 
negatively oharged plate. The observations 
confirm Curie's value for the half-value period 
of actinium. 
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ADALOf. Biomdiethylr 'wtyl urea 
(C*H.),CBr*CONHCO H, 

Used as a hypnotia 

ADAMAjiraBSPAR v. Oorundrum 

ADAMITE. A minenl consisting of hydrated 
basic sine arsenate Zn|(ABO«)t*Zn(OU)„ 
disooTerbd by C. Friedel in 1806 as a few 
small, violet orthorhombic crystals on silver 
ores fromChaiiarcLllD in Chile. Since then it has 
been found at a few other localities, particularly 
in the ancient zinc mines at Laurion in Greece. 
Here it occurs in some abundance as bright 
green (cupriferous) or yellowish crystals in 
Mvities of the cellular zinc ores. It has been 
pro^red artiOcially in a crystalline condition. 

More recently the name adamiie has been 
employed as a trade name for an artificial 
corundum manufactured for abrasive purposes. 

L, J. S. 

AD^ON. Trade name for dibromodi- 
hydrocinnamic acid bomyl ester. 

ADANSONIA DIGITATA (Linn.), the Bad)ah 
treet yields a fibre which has been used in napor- 
ma^dng. Its bark (Gowik Ohenty. or (jhurco 
Chent^ is said by Duchais.*jaiiig to be a useful 
substitute for cinchona (Dymook, Pharm. J. 
[3J 7, 3). 

ADENASE u. £nzv MKH. 

ADENINE, Q-Aminopurine 


N:C(NH,) C'NH 

I II 

CH:N ON 


>cn,3n,o 


discovered in the pancreatic gland and splctm 
of the ox, occurs in all vegetable and animal 
tissues rich in cells (Kosscl, Ber. 1885, 18, 70, 
1028; Zeitsch. physiol. Chom. 1886, 10, 248; 
Yoshimura and kania, Zeitsch. physiol Chem. 
1913, 88, 351 ; Mmuroto, J. Coll. "Agnc. lmi>. 
Univers. Tokio, 1012, 5, 63 ; Smorodinzew, Zcitscn. 
physiol. Chem. 1012, 80, 218 ; ZlataroiT, Zeitsch. 
Nahr. Genussm. 1013, 26, 242 ; Bass, A rch. f . exp. 
Pathol, u. Pharmak. 76, 40-64 ; WinterHitMn, 
Landw. Ver8.'Stat. 79 and 80, 541-562 ; Chap- 
man, Chem. Soc. Trans. 1914, 106, 1903-1004) ; 
thus it has been extracted from tea leaves 
(Kosscl, f.c.), from beet- juice (r. Lippmann, Ber. 
1896, 20, 2045), from beet-sugar residues 
(Andriik, Zeitsch. Zuckerii.d, Bohm. 1010, 34, 
567-560), 0 06 p.c. pure adenine obtained, from 
molasses (Stoltzenoerg, Chem. Zentr. 1012, 
1515, from Zeitsch. ver dent. Zuckcrind, 1912, 
318), from tho young shoots of bamboo (Totani, 
Zeitroh. physiol Chem. lOOf), 62, 113); from 
human excretory products (Kiirger and Schitten- 
helm, Zeitsch. physiol. Chom. 1002, 35, 150), 
and from herring brine (Isaac, Chem. Zontr. 
1904, ii. 647 ; from Beitr. chom. phvsiol. Path, 
1904, 5, 600) ; it is probably one of the degrada- 
tion products of nuclein (Schindler, Zeitsch. 
physiol. Chem. 1880, 13, 432), and is found in 
small quantity when nuclein is heated with 
dilute sulphuric acid (Kossel, Ber. 1885, 18, 
1028; Jones and Richards, J. Biol. CTiem. 
1014, 17, 71 : 1015, 20, 26-35). 

It has beem. obtained from rice polishings 
(Drummond and Funk, Bio>chem. J. 1014, 8, 
598-615), and, according to Funk, is of distinct 
therapeutic value (Gashnir Funk, J. Physiol. 
1913, 45, 489; also J. BioL Chem. 1916, 26, 


431-456; and Harden and Zilva, Hioohom. J. 
1917, ii. 172). 

Adenine is isolated from tea extract after 
the removal of caffeine by precipitating tho 
cuprous compound CsHaNtCui bv means of 
copper sulphate and sodium bisulphite, and de- 
composing the precipitate with ammonium 
sulphide; the crude adenine is then isolated 
from tho filtrate in the form of the sulphate. 
For the method of separating adenine froJi 
other purine bases compare Schindler (Zeitsch. 
physiol. Chem. 1889, 13, 432). For recovery of 
adenine from the picrate, see Barnett and Jemes 
(J. Biol. Chem. 1011, 0, 03-96). The synth^is 
of adenine has boon effected by reducing with 
hydriodio eusid 2-ammo-2 : 8-diohloropurine ob- 
tained by tho action of acmeous ammonia on 
triohloropurine (E. Fischer, Bor. 1807, 30, 2226 ; 
1898, 31, 104 ; Bohringer and Sons, D. R. P. 
96927, 24/3, 97 ; Traube, Annalcn, 1904, 331, 
64). 

Adenine crystallises from dilute aqueous 
solution in long rhombic needles that b^me 
anhydrous at 1 10*^, and melt with decomposition 
when rapidly heated at 300®-366‘* (Fischo**, i.c.), 
and Hublimo in mioroscopio neodlcs without 
decomposition at 220”. Adenine is sparingly 
soluble in cold ( I : 1086) and remdily soluble in 
hot water (1 : 40) ; sparingly so in alcohol ; in- 

1 soluble in ether or chloroform. It forms com- 
pounds with bases, acids, and salts ; with 
noxosc (.Maiidol and Dunluim, Biochem. J. 1012, 
xi. 85), and gives mono- and dichloro-glucosides 
(Fischer and Helforich, Bor. 1914, 47, 210-235). 
Adenine d-glucosido has ni.p. 210^-276” (decom- 
posed), |a|„ l9”-20” -10*r>” in water, +6*67“ in 
AT/hydrochlorio acid. Tho nitrate 

C5H,N5,HN03.JHa0 

is crystalline, nnd tho dry salt dissolvos in 
llO'O purls of water ; tho hydrochloride 
C^HsN^UCl’iH.O 

forms transparent monoclinio prisms a : 5 : cn 

2 0794 : 1 : 1-8127, 40' the anhydrous 

salt dissolves in 41'0 parts of water; tho c/rk>r- 
acetate CrJIcN-^CJlgOgCl molts and decom- 
poses at 162”- 163” ; the sulphate 

(C3H5N.)„U,804,2H,0, 
tho oaraitttc C5lf3Nt,CaHj04,H.0, and dtehromaie 
(0bH3N5)2,H8O,G7 are crystalline ; the pkrate 
(^BH^NMCeHaNjO; Ts stable at 220”, and is so 
S})aringly soluble in cold water ( I : 3500) that it 
is used as a means of estimating a^nino in 
solution (Ber. 1800, 23, 226); tho addition of 
sodium picrate will precipitate adenine from 
exceedingly dilute solutions (1 : 13,000) (Bar- 
nett and JoiioB, J. Biol. Chom. l.c.) ; tho picro- 
lonate CsHbNs.CjoHhObNb crystaUises from 
water and melts at 265” (Tjovone, Biochem. 
Zeitsch. 1007, 4, 320). The platinicMoride 
(CBHBNB)„H,PtCla crystalJiflofl from dUute 
solution in needles, and yields tho salt 
GBHBNB,HCl,PtCl4 when a concentrated solu- 
tion is boiled. The acetyl derivative O6H4N4A0 
does not melt at 260”, the henzoyl derivative 
C5H4NBBZ has m.p. 234”-235” (Kossel. Ber. 
1886, 20, 3356). The methyl and benzyl de- 
rivarives have been prepared (Thoiss, Zmtsoh. 
physiol. Chem. 13, 396). Bromadenine 
u strongly basic, forms an insblable memte, 
and on oxidation with hydrochloric acid and 
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potassium chlorate yields a)loxan» urea» and | 
oxalic acid (Bruhns, Ber. 1890, 28, 226 ; Kriigcr, 
Zdtsoh. physiol. Chem. 1892, 10, 329). Adenine 
is convert^ into hypoxanthine by the action 
of nitrons acid (Kossel, Ber. 1885, 18, 1928). 
AdeninC'd-clncoside treated with excess of 
nitrons acid yields hypoxanthine>d'gluco8ide, 
m.p. 246®, [a]20* -34*6® in JV/soda, 4'12‘92® 
hi JV/hydrochloric acid (Fischer and Helfeiich, 
le.). 

Adenine-uracil-dinucleotide is obtained as 
an amorphous powder by the action of dilnte 
amiaonium hydroxide on yeast-nucleic acid ; it 
has [a]], —6*8®, and giyes a crystalline brucine 
salt 0 itH| 5 Oi 5N7Pg,40s3H3g04N2*14H|0, m.p. 
174®-176® (decomp.;). M. A. W. 

ADHESIVES. as distinguished from cements, 
may be defined to be substances or preparations 
of a gummy or gelatinous character used for 
the purpose of joining togetlier or effecting the 
mutual adhesion of the surfaces of bodies. They 
are usually substances which (1) soften in water, 
€,g. gum arable, isinglass, glue, &c. ; (2) gela- 
tinise in water or other menstruum, and harden 
either by the evaporation of the solvent or its 
absorption by the cohering surfaces, e.g. liquid 
glue, gelatine dissolved in acetic acid, rubber 
or guttapercha in benzene, &o. ; or (3) which 
soften on heating and congeal on cooling, e.g. 
asphalt, marine glue, shellac, Ac. The surfaces 
of the articles to be joined should bo perfectly 
clean ; they should be brought into intimate 
contact, and as little of the adhesive as possible 
employed. In certain cases perfect contact is 
ensuiw by heating the parts to be joined to a 
temperature such that the adhesive solidifies 
only when union is eflfected. 

Solutions of gum arabic, or of dextrin, or 
British gum, mixed with acetic acid, are fre- 
quently employed in the case of paper. Flour 
or staroh mixed with water containing a little 
alum so as to form a thick cream, which is 
then heated to boiling, and when cold mixed 
with oil of cloves, thymol, phenol, or salicylic 
acid so as to preserve it, makes an effective 
adhesive. A transparent paste may be made 
by the use of rice starch instead of ordinary 
flour. Occasionally a small quantity of linseed 
oil or glycerol is added in the case of labels 
exposed to moisture. Or the labels may be 
protected from damp by being coated with a 
mixture of 2 pts. shellao, 1 pt. oorax, dissolved 
in 16 pts. ol boiling water. An alternative 
method is to apply a coating of copal varnish. 

A strong adhesive may be made from 
shredded gelatine, swollen in water containing 
26 p.o. of glacial acetio acid and applied hot. 
The mixture should be k^t in a closmy corked 
phial. Another recipe : Dissolve CO pts. borax 
m 420 pts. water, add 480 pts. dextrin and 50 
pts. glucose, and heat carefully — not above 90® 

— ^with constant stirring until the whole is in 
solution; replace the evaporated water and 
filter through flannel (Hisoox). 

Wheat flour rich in proteins is mixed with 
oonoentrated sulphite liquors and evaporated to 
a suitable oonsistenoy (Robeson), flour and 
molasses mixed to a stiff paste or stiff flour paste 
and oonoentrated zino chloride make a perma- 
nent cement. Dry oaeein mixed with half ite 
weight of borax and a sufSoienoy of water makes 


an excellent adhesive for broken china or 
earthenware. Fine y powdered casein 12 pts., 
fresh slaked lime 60 pts., fine sand 60 pts., and 
enough water to make a thick mass makee a 
strong cement Ic : ground unions standing a 
moderate heat. Milk casein dissolved in alkali 
and an alkaline silicate, such as water-glass,, 
and mixed with a solution of magnesium or 
calcium chloride, also constitutes an effective 
adhesive. White of w made into a paste 
with slaked lime used mmodiately after being 
made up is a very tough and tenacious adhesive. 
Linseea oil mixed with china clay, or lime, or 
red or white lead, or oxide of iron, to which 
powdered glass or graphite may be added 
^heies strongly when set. 

Metallic sunacjs alter having been rubbed 
with an alcoholio solution of hydicchlorio add 
may be caused to adhere by means of a mixture 
of 10 pts. tragacanth mucilage, 10 pts. honey, 
and 1 pt. flour (Spon). 

A marine glue may be used by dissolving 
10 pts. caoutchouo in 120 pts. benzene, and 
adding the solution to 20 pts. melted as- 
phaltum, the mixture being poured into moulds 
to consolidate. In order to use it the glue is 
soaked in boiling water and heated over a flame 
until liquid. 

As a leather cement : aspheJt, 1 pt. ; rosin, 

1 pt. ; gutta-percha, 4 pts. ; carbon disulphide, 
20 pts. A plain rubber cement is maoe by 
dissolving crude rubber in carbon disulphide or 
benzene. 

Qood waterproofing cements are: (1) rosin, 

1 pt. ; wax, 1 pt. ; powdered stone, 2 pts. (2) 
Shellao, 6 pts. ; wax, 1 pt. ; turpentine, 1 pt. ; 
chalk, 8-10 pts. For a soft air-tight paste for 
ground glass surfaces : a mixture of equal 
parts of wax und vaseline. A solution of 1 pt. 
of powdered shellao in 10 pts. of ammoma 
water makes a strong cement for porcelain, 
gloss, and metals (not copper). 

Plastio cements, as distinguished from 
adhesives of the foregoing nature, are used in 
chemical industry to secure joints and make 
oonneotions of a more or less ten^rary character. 
Such are plaster of Paris usea either alone or 
mixed with asbestos ; or when a high tempera- 
ture is not required, mixed with shavings, straw, 
hair, cloth, &o. Hydraulic cement used alone 
or mixed with asbestos or sand, is used as a lute ; 
it is espeoially resistant to acid vapours. Ordinary 
clay or fire olay mixed with linseed oil is often 
employed for stoam-joints. A mixture of 
fire clay, 2 pts. ; sulphur, 1 pt. ; rosin, 1 pt., 
may bo used, for nitric and nydrochlorio acid 
vapours. Mixtures of (1) pitch, 8 pts. ; rosin, 

6 pto . ; wax, 1 pt. ; plaster, pt. ; or (2) 
piteh, 8 pts. ; rosin, 7 pts. ; sulphur, 2 pts. ; 
stone powder, 1 pt., may be used to unite slate 
slabs and stoneware for engineering and chemical 
purposes. See Lutes. 

ADIGAN. A preparation of digitalis (g.v.). 
ADIPIC ACID acid 

C0,H*(CH2)4*C0|H. Obtained by the action of 
nitno acid on sebacio acid, or on tallow, suet, 
and other fatty bodies (Arppe, Z. 1866, 300; 
Laurent, Aim. Ohim. Phys. [2] 66, 166 ; 
Bromeis, Annalen, 36, 106; Malaguti, Ber. 
1879, 672). It is present in beet-imee (Lipp- 
mann, Ber. 1891, 3299), and may be obtained 
from Russian petroleum by diatillinj the fraction 
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oontaining naphthalcno hy<Yooarbona (Asrhan^ 
Ber. 1899, 1769). It maj be prepared by 
the reduction of muoio acid (Orum-Browu, 
Annalen, 126, 19), saccharic acid (de la Motto, 
Ber. 1879, 1672), i^osaochario A;id with hydiiodlo 
acid and phosphorus, or of muoonio acid with 
sodium amalgam (Maiquardt, Ber. 1869, 385) ; 
by heating ^•iodopIopionio acid with silver 
( Wislioenus, Annalen, 149, 221) ; by the electro- 
lysis of the jMtasfflum salt of tho monoethyl 
ester of succinic acid, whereby the diethyl ester 
of adipic acid is produced (Brown and Walker, 
Annalen, 261, 117) ; by oxidising cyclo-hex anone 
with ^tassium permanganato in the presence 
of somum carbonate (Roaenlew, Ber. 1906, 
2202 ; Mannich and Hanou, 18er. 1908, 575). 

Adipic acid crystallises in ibonoclinic lamina', 
melts at i4'9°, and sublimes at a still higher 
temperature (Wirz, Annalen, 104, 267). Ci/clo- 
pentanone is produced when the calcium salt is 
distilled, and no anhydride is obtained by the 
distillation of the acid. It is slightly soluble 
in water at the ordinary temperature, and has 
a great tendency to form supersaturated solu- 
tions (Dieterle and Hell, Ber. 17, 2221 ) ; readily 
soluble in hot alcohol and ether. It forma salts 
with most metals which are generally soluble in 
water and ciwstallisable. There are eight iso- 
merides of adipic acid, all of which have been 
prepared. 

ADIPOCERE (from adepst fat ; and cera, 
wax). A peculiar waxy-looking substance, first 
observed by Fourcroy in 1786, when the bodies 
were removed from the Cimeiihre des InnocenU 
at Paris. A large number of coffins hod been 
piled together and had so remained for many 
years ; the corpses in many of these were con- 
verted into a saponaceous white substance. 
Fourcroy placed tnis substance, together with 
cholesterol and spermaceti, in a separate class 
termed by him * Adipocere.* Gregory (Annalen, 
1847, 61, 302), observed a similar substance in 
the case of a hog which hod died of an illness, 
a.nd had been buried on the slope of a mountain- 
side. The substance was completely soluble in 
alcohol, contained no glycerides, and consisted, 
according to Gregory, of about 26 p.c. of stearic 
acid, ana about 75 p.o. of palmitio and oleic 
acids (these three acids form the chief consti- 
tuents of lard). The absence of lime was 
explained by Qr^ory as duo to the solvent 
action of water saturated with carbonic acid, 
which continually ran over the carcase. Gregory 
fully recognised that the fatty acids had been 
formed by the hydrolysis of the fat, water 
having washed away all the glycerol simul- 
taneously produced, and he clearly stated his 
view that from corpses of animals all nitrogenous 
and earthy constituents could be washed away, 
fatty acids only remainiim behind. Ebert 
(Ber. 8, 775) in the main conmmed these results 
in the examination of a specimen of adipocore. 
On saponifying with potash, about 1 p.o. 
ammonia escaped and an insoluble residue 
(about 6 p.c.), consisting of lime, Ac., from 
tissues, reiiiained. A mixture of potassium 
salto obtained, which by fractional pre- 
cipitation with ma^esium acetate yielded 
mainly palmitic acid. The last fraction, not 
prediutoble by magnesium acetate, but by 
tead acetate, yielded a hydroxylated acid, the [ 
formula of which is given os 0]7H,|O,. This' 


acid, termed by Ebert hydroxymaigario acid, 
melts at 80^, and is most likely 1 : 10 hydroxy- 
stearic acid of the melting-point 8r. The 
occurrence of this acid in the Mupocere examined 
by Ebert is very likely, as he could not detect 
any oleio acid; it would thus appear that in 
the oouise of time the oleic acid had been 
oxidised to 1 : 10 hydroxysteario acid. The 
hard waxy character of rapooere is mainly 
due to the presence of hyciroxysteaiio acin. 
Sohmelok (Chem. Zoit. 1902, 11) found In the 
examination of three specimens of adipocere 
the following results : — 

Melting-point . . . 62*6° C. ^ 

Insoluble fatty acids . 83 84 p.c. 

Ash 1*7 p.c. 

(containing 83*5 p.c. CaO) 
Unsaponifiable matter 16*7 p.o. 

Acid value .... 197 

• Neutralisation value of 

the fatty acids . . 203 

Iodine value ... 14 

Tarugi (Gazz. chim. ital. 34, ii. 469) also 
states that adipocere consists chiefly of palmitio 
acid. 

According to RuHan (Trans. Roy. Son. 
Canada, 1917 [iii.] 10, 169) tho two isomeric 
monohydroxystearic acids derived from oleio 
acid are invariably present, and the disappear- 
ance of oleio acid marks the flnal change m the 
formation of mature adipocere [cf. Ruttan and 
Marshall, Proo. Amor. Soc. Biol, Chem. 1915). 

The formation of adipocere from animal 
matter had boon studied oy Kraiter in glass 
vessels filled with water. Kratteris opinion that 
adipocoro originates from tho albuminoids must, 
however, be rejected as erroneous, for there can 
bo no doubt but that tho free fatty acids are 
formed by the hydrolysis of the body fat. 
All tho decomposition products of the albumi- 
noids and the glycerol would be washed away, 
and the fatty acids would naturally form with 
the lime of tlio bones, lime soap,.^ which may or 
may not be further hydrolysed by water, to 
free acid and lime, according to the conditions 
obtaining in the decomposRion of tho body. 
Bacterial and enzymic actions play a quite 
secondary part in the production of naij^ooere. 

ADLUMINEC;t0H4,O|,N, crystals, m.p. 188®, 
occurs in Adlumia cirrhosa (Rann.) with adlumi- 
dine plates, m.p. 234®, protopino, 

and 6>homocheliaonino (Scblotterbeok and 
Watkins, Ph. Ar. 1903, 6, 17). 

ADONIDIK. A dmitalis-like glucoside said 
to be extracted from the root of Adenis vemedis^ 
or false hellebore, v. DiaiTAUS. 

ADONITOL. See Oabbohydratbs. 

ADORIN, Trade name for a mixture of 
some powder (infusorial earth, starch, Ac.) with 
paraformaldehyde. Used os a wound dressing. 

ADRENALINE. Adrenaiinwn B.P,, Epine^ 
phrine, Suprarenin 

0,H,(0H),-0H(0H)CH,-NHCH, 

The U.S.P. has dried suprarenal gland, Buprare* 
ndhm aketm, but not the active principle. 
A * chromogen,’ coloured green by ferric ohloxi^ 
and rose-rM by iodine, was discovered in the 
suprarenal medulla by Vulpian (Compt. rend. 
1856, 43, 663), but the remarkable rise of blood 
pressure oaus^ by intravenous injection of 
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•Yiprareiial gland extracts was not observed 
until 1894 (Oliver and ScMfer, J. Physiol. 1894, 
16, i.). After numerous attempts the active 
principle, which turned out to be also the 
ohromogen, was first obtained crystalline by 
Takamme (Eng. Pat. 1467, 1001 ; J. 8oc. Ohem. 
Ind, 20, 746), and almost simultaneously by 
Aldrich (Amer. J. Physiol. 1901, 5, 467). The 
constitution next established, mainly by 
Pauly (Ber. 1003, 36. 2044; 1004, 37, 1383) 
and by Jowett (Trans. Chem. Soo. 1904, 86, 
102). The racemic substance was synthesised 
by Stolz (Ber. 1004, 37, 4149 ; and D. B. P. 
162614, 167300 of Farbw. Meister, Lucius und 
Briining; cf. also Dakin, Proc. Boy. Soo., B. 
1905, 76, 491). As the racemic substance was 
found to have little more than half the activity 
of the natural licvo-variety, its resolution was 
effected by Flachor (Zeitsch. physiol. Chem. 1908, 
68, 681 : and D. R. P. 222451 of Farbw. Meis^r, 
Lucius und Briining). The 8>mthetic 1-base 
thus obtained is identical with the natural active 
principle, and is known commercially as supra- 
renin. 

The name epinephrine was first applied by 
Abel to iV’benzoyl adrenaline, but later to the 
active substance itself, and it is under this name 
that the substance is referred to in the U.S.P., 
for instance. The objection to adrenaline is that 
it is a trade name ; close on thirty other trade 
names have been in use for the substance. 

Preparation of natural suhslance . — ^The minced 
glands (generally of oxen) are extracted with 
acidulated water at 90°-100'' ; the extranet is 
evaporated to a small bulk, it may then be 
unfied with neutral load acetate, and it is 
nally precipitated with several volumes of 
ethyl or methyl alcohol. The alcoholic filtrate, 
after concentration to a small bulk, is precipi- 
tated with excess of concentrftied ammonia, when 
the adrenaline crystallises in sphaerites on 
standing. Oxidation must be guarded against 
as far as possible, by boiling with zinc dust, or i 
by extracting with water containing sulphur 
dioxide ; the evaporation is conducted in 
vacuo in a carbon dioxide atmosphere and the 
precipitation by ammonia takes place under a 
layer of petrol (Takaraino, Jx. ; Aldrich, lx. ; 
von Fiirth, Monatsh. 1903, 24, 261). Abel 
(Ber. 1903, 36, 1839) extracts at once with a 
3*6 p.0. alcoholic solution of trichloracetic acid, 
which eliminates further purification, and seems 
to give a good yield. Berbrand (Bull. Soo. chim. 
19M, [iii.]31, 1289) extracts with 96p.o. alcohol 
containing oxalic acid, evaporates, shakes with 
petrol, and purifies with lead acetate. 

The crude sandy adrenaline contains inor- 
ganic matter, and may be purified by solution 
m acid and reprecipitation, but better by 
utilising the solubility of the oxalate in alcohol ; 
the crude base is ground up with a 16 p.o. 
solution of oxalic acid in 85-90 p.o. alcohol, 
which leaves inorganic impurities behind (Abel, 
Pai^). 

Syntheses . — Catechol is condensed with mono- 
ohloraoetlc acid, by means of phosphorus 
oxychloride, and the resulting chloraoetocateohol 
(3 : 4-dihydroxy-«-chloraoetophenone) 

(OH),C«H,*COCH,Cl 

is suspended in alcohol (60 o.o. for 100 grams, 
of the ketone) ; 200 c.o. of a 40 p.Q. aqueous 


methylamine soluti'm are added ; on standing 
methylaminoaceto atechol 

(OH),CeH,CO*OH,NH*CH, 
separates out, and Is washed with water, alcohol, 
and ether. The ketone is then reduced to the 
secondary alcohol by aluminium amalgam, or 
eleotrolytically. For the resolution the bitar- 
trate is eAtracted with methyl alcohol; d- 
adrenaline-d-tartrate dissolves and 2-adrenaline* 
d-tartrate remains behind. The d-adrenaline so 
' obtained b also utilised, for it may be raoemised 
by heating with dilute hydrochloric acid, and 
converted into the cryst^ne racemic hydro- 
chloride (D. R. P. 220356), which can then again 
be resolved. 

The synthesb f i jm chloracetocateehol appears 
to be the only one of practical impo-tance, but 
various others have been described. The 
methylene ether of adrenaline was synthesised 
by Baigor and Jowett (Trans. Chem. Soc. 1906, 
87, 967) from piperonal, but could not be 
liydrolysed to adrenaline, and other attempts in 
thb direction were also unsuccessful (cf, Pauly 
and Neukam, Ber. lOOS, 41, 4151 ; Baigor, 
Trans. Chem. Soc. 1908, 93, 2081 ; Bottcher, 
Ber. 1909, 42, 263 ; Pauly, ibid. 1909, 42, 484 ; 
Mannich, Arch. Pharm. 1910, 248, 127 ; D. R. P. 
209609, 209610, 212206). Another adrenaline 
synthesis referred to in the patent literature, 
consists in methylating the primary base 
corresponding to adrenaline, namely 3 : 4-di- 
hydroxyphenylethanolamine. Thb substance, 
known commercially os arterenol, may be 
obtained (a) by the reduction of amino-aoeto- 
catechol (D. R. P. 166632); and (6) by the 
reduction of the cyanhydrin of protooatechuic- 
aldehyde with sodium amalgam (D. R. P. 
193634). The latter reaction may be repre- 
sented thus : 

(OH).CeIf3CH(OH)(::N+4H 

=r:OH)g(JeH,CH(OH)CHgNH8 

Amino-acetocatcchol may be produced (a) 
from chloracetocateehol (above) ; (6) from 

piperonal or methyl vanillin, tia »-nitroaceto - 
catechol, which b reduced (D. R. P. 195814) thus . 

(OH),CeHgCO'OH,*NO,-f6H 

=(OH)aC.H,COCH,*NH, 
(c) by hydrolysb of the condensation products 
of veratrole with hippuryl chloride (D. R. P. 
186598 and 189483) 

(MeO),C,H,CO*OH,NH*COC,H« 

(OH),C,H,*CO-CH,-NH, 
or by hydrolysb of the similarly constituted 
phthalimido-acetoveratrole (D. R. P. 209962 
and 216640). The last- mentioned four patents 
are of Farbenfabnken vorm. F. Bayer A Co., 
all the others of Farbw. vorm. Mebter, Lucius 
und Briining (e/. Friedlander, viii. 1181-1190; 
ix. 1024-1033). The most recent synthesis b a 
modification of some earlier ones. 

Dlacetylprotocateohuio aldehyde I, on con- 
densation with nitromethane in feebly alfcalitm 
aqueous solution yields fi-hydroxy-jS-S : 4-di- 
aoetoxyphenylnitroethane (IL). V/hm thb b 
mixed with the calculated quantity of formalde- 
hyde and reduced by zinc and aoetio acid, 
j9-hydroxy-i3-3 : 4-diaoetoxyphenyl ethyl methyl- 
amine (III.) b formed, from which adrenaline 
b obtained on removal of the acetyl groups : — 
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OAo OAo 'I 

iOAo -» ^OAo i 

CHO CH(OH)CH,\tO, 

OAo 

. /'^OAo ' 

■* 

CH(OH)CHaNHMo 

(III.) 

(N. Na«ai» Jap. Fats. 32440, 32441, 1018). 

Pnypertiea . — Natural adrenaline, when pure, 
forms colourless sphaero-crydals, m.p. 21 T- 
212®, faju - 53“ ; the solubility in water at 20** 
is 0*0268 p.c., and it is also very sli^fht in most 
organic solvents. Raceniio adrenaline decom- 
poses at 230®. Adrenaline dissolves in the 
calculated quantity of mineral acids, or oven in 
slightly less ; it also dissolves in caustic alkalis. 
Its emef chemical characteristic is the ease 
with which it undergoes oxidation {set colour 
reactions, below). Smutions with a slight exceed 
of acid are the most stablo ; traces of iron 
acederate oxidation (Gunn and Harrison, 
Pharm. J. 1908, fivj, 20, 613). 

The salts of the optically active adrenalines 
are mostly amorphous and" deliquescent; the 
harate is said to be more stable (1). R. P. 167317). 
The chief crystalline salt is the hitariraie em- 
ployed in the resolution of the racemic base. 
The latter yields a crystalline hydrochloridef 
m.p. 167° (1>. R. P. 202169), and a crystalline 
oxalate ; the corresponding optically active 
salts are amorphous. 

Colour reactions. Colorimetric estimation , — 
There are three kinds of colour reactions for 
adrenaline: (1) the seneral catechol reaction 
with ferric chloride (limit of green coloration 
1 : 30,000) ; (2) the phosphotungstio reaction of 
Polin, Cannon and Denis (Joum. biol. Chem. 
1913, 13, 477 ; cf. Folin and Denis, ibtJ. 1912, 
12, 239), in which the reagent gives a highly 
coloured blue reduction product ; (3) a reaction 
with a considerable number of mild oxidising 
reagents, in which the adrenaline is converted 
into apparently one and the same rose-red 
oxidation product. For the colorimetric estima- 
tion of pure adrenaline solutions the reaction of 
Folin, Cannon and Denis is the most suitable, 
and agrees closely with physiological measure- 
ments (Seidell, Joum. biol. Chem. 1913, 16, 
197 ; Johannessohn, Biochem. Zeitschr. 1916, 
76, 377). The reagent employed is the same 
as for the estimation of uric acid, but adrenaline 
is three times as sensitive (Johannessohn gives 
the ratio 2-98). 100 grams sodium tungstate 

are dissolved in 760 o.c. of water, and after sliding 
80 O.O. of 86 p.c. (syrupy) phosphoric acid, the 
solution is boiled gen% for I 4-2 hours, and 
then made up to 1 litre ; mg. adrenaline 

can be detected ; limit 1 : 3,000,000. The blue 
colour soon fades. Uric acid solutions are used 
as standards. 

For the estimation of adrenaline in extracts 
of the gland which are always more or less 
yellow in colour, the phosphotungstate reagent 
is less suitable (^dell, I.e.), and it is, unsuitable 
for mixtures of adrenaline with cocaine, novo- 


oaine, Ac., because the latter bases are pre- 
cipitated by the reagent (Johannessohn, (c.). 
In these oases a reaction of Uie third type seems 
preferable (3). Seidell shakes 10 o.c. of gland 
extracts containing 1 : 60,000 adrenaline, for 
one hour with 6 mg. of nowdered manganese 
dioxide, filters, and matones the colour with 
that of standards, prepared by mixing, in 
various proportions, a solution of 2 grams 
CoCl,*6H,0-{-l ao. concentrated hydrochlorio 
acid in 100 o.c. water, with an auric chloride 
solution containing 0*1 gram AuCR in 100 0 . 0 . 
water. These mixtures are stanaardised by 
comparison with a 1 : 100,000 solution of p3re 
adrenaline, mixed with an extract of desiccated 
thyroid gland f which bos the same yellow colour 
as a suprarenal extract). ^ 

For mixtures containing cocaine, Ac., 
Johannessohn employs tlio Fr&nkel-Allers re- 
action (Biochem. Zeitsch. 1909, 18, 40), which 
consists in adding an equal volume of 0*001 
.V-pota.saium 6t-ioaate and a few drops of phos- 
phoric acid, and heating nearly to the boiling- 
point ; a rod colour is ootained with adrenaline 
up to 1 : 100.000 or 1 : 300,000. Other oxidising 
reagents giving a rod colour are auric chloride 
(Gautier, Compt. rend. Soo. do Biol. 1912, 73, 
664 ; very delicate), potassium persulphate 
(Ewins, J. Physiol. 1910, 40, 317 ; 1 : 6,000.000), 
iodine, mercuric chloride, potassium ferri- 
cyanide, bromine, bleacliing powder, osmio acid. 
For a detailed criticiNm of the quantitative 
application of these reagents, see Borberg 
(iSkand, Arch. Physiol. 1912, 27, 341), also Bayer 
(Biochem. Zeitsch. 1009, 20, 178) for means 
of making them more sensitive but less specific. 

Physiological mdhods of estimating adrena- 
line are more reliable, and may bo more accurate 
than the colorimetric ones. The blood pressure 
of a cat, with brain and spinal cord destroyed, 
and without annsthetic, reacts, according to 
Elliott (J. Physiol. 1912, 44, 374), ‘with 
mechanical accuracy,* and permits of the 
estimation of the adrenaline content of a 
cat’s supra-renal with an error of 0*01 mg. 
(3-4 p.c. of the total amount present). Mode- 
rately accurate results may also be obtained 
with frogs (Lawen, Arch. exp. Path. Pharm. 
1994, 61, 415; Trendelenburg, ibid, 1910, 63, 
161). 

Fresh bullock’s supra-renals may contain up 
to 0*26 p.c. adrenaline ; the desiccated gland 
(U.S.P.), corresponding to 6 pts. of the fresh 
gland, may contain about 1*6 p.c. A fresh 
bullock’s gland dissected free from fat weighs 
about 10-12 grams. The actual yield in manu- 
facture often does not exceed 0*1 p.c. from 
bullock’s glands ; sheep, and especially hogs, 
contain less. The dried secretion of the parotid 
gland of Bufo agua, a Central American toad, 
contains as much as 6 p.o. of adrenaline (Abel 
and Macht, J. Pharm. exp. Ther. 1912, 3, 319). 

The most important physiological adion of 
adrenaline is that on tne arterioles, causing 
constriction and rise of blood pressure. Intra- 
venously minute doses (0*0003 mg. per kilo 
in rabbits) produce a distinct effect. Applied 
to a mucous surface, it causes marked local 
vaso-constriction and blanching ; on this 
property depend^ its chief use as a hamostatio 
in surgery. It is often used mixed with a local 
anesthetic like cocaine. Most commercial 
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Bolntions and the Liquor adremlini ht/dro- 
ehlorieus of the B.P. oonUdn 0*1 p.o. adrenaline 
diaaolved fn a alight ezoeaa of acid {e»g. one<half 
eqnivalent) whi^ rendera them more atable 
than solid tableta ^cording to Johannoaaohn, 
Le. ; Gnnn and Harrison, l.c.). Chloroform 
(B.P.) or other preaenrative may be added, and 
salt to make the solution isotonic with the blood. 
For steriBaation by heat, see Rowe (Amer. J. 
Pbarm. 1014, 86, 145). Adrenaline has been 
recommended (in oral doses of 5-6 m^. per 
24 hours) for sea-siokness (Revue Scienufique, 
1017). ^e physiological activity of adrena- 
line is about ^ of that of /-adrenaline (e.g. 
Ciishny, J. Physiol. 1000, 38, 260; Tiffeneau, 
Oompt. rend. 1016, 161, 36), and honco the 
racemic base is sli^tly more than half as active 
as the natural vamty. 

Adrenaline Substitutes, — Numerous amines 
have an action more or less resembling that of 
adrenaline (Barger and Dale, J. Physiol. 1910, 
41, 19). Throe, all closely related to adrenaline 
in structure, have been recommended as sub- 
stitutes, but have not found wide application. 
Racemic ‘ artorenol,’ 3 : 4-dihydronyphenyl- 
ethanolamine (OH)aC,H. CH(OH) CH,^H, {see 
above), m.p. 191® (hydrochloride, m.p. 141°), is 
said to be about half as active as /-adrenaline. 
Homorenon, cv-ethylaraino-S : 4 dihydroxy aceto- 
phenone (OH),C.H,CO CH, NH C 2 H 5 _hac a 
crystalline hyarochloride, m.p. 260°, and a 
very much weaker action than adrenaline. 
Etnnine, 3 : 4-dihvdroxyphenylethylmethyl- 
amine (OHljCaHa CH’g CIIa NH CHa, m.p. 188°- 
180° (Pyman, Trans. Chem. Soo. 1910, 07, 272), 
is intermediate in action between the two former 
bases. (For Tyramine, see article on Eroot.) 

For a more detailed account of the chemical 
and physiological properties of adrenaline, «ee 
Barger, The Simpler Natural Base**, Longmans, 
1014, pp. 81-106. G. B. 

ADRENCAINE. See Eudkisntnk. 
ADSORPTION V. Colloids. 

ADUROL. Trade name for a haloid (*ub- 
stitution product of hydroquinone, used as a 
photograpnio developer. 

AERATED or MINERAL WATERS. 

Originally the term * mineral water * was psed 
to describe natural spring waters containing 
small quantities of various salts in solution, and 
frequently saturated with carbon dioxide, 
hy&ogon sulphide, or other gases. When these 
waters wore first imitated by the artificial intro- 
duction of carbon dioxide into dilute saline 
liquids, they were known as * aerated waters,* 
to distinguish them from the natural products. 
At the present time the two terms are employed 
indiscriminately, and as a rule the whole of the 
products of the manufacturer of aerated waters 
are popularly knowrn as * mineral waters.* 

Natural Mineral Waters. In every quarter 
of the ^lobe natural spring waters containing 
salts with medicinal properties are common, 
though fashion has maae some more celebrated 
than others. Some of these waters (e,g. Hunyadi 
Janos) contain mapnesium and sodium sulphate, 
and have an aperient action, whilst others con- 
taining iron (e,g. Tunbridge Wells water) are 
valuedi as tonics. Others, again, like the wraters 
of Harrogate, contain sodium sidphide (0*02 p.o.), 
and are used as remedies in various compli^ta 

The most widely consumed natural minend 


waters are those vhich contain only a small 
proportion of salts md a lazge amount of carbon 
dioxide. Typical examples of these are Apol* 
Hnaris water, Selters water, and St. Gaulimer 
(French). 

The table of analyses (p. 50) show the chief 
constituents of t 3 rpical natural mineral waters.' 

Small quantities of many other compounds 
are also present in all these waters, but the 
I figures given above represent their main con- 
stituents. The composition of all natural 
mineral waters varies from time to time, but 
they preserve their general characteristics. 

Artificial Mineral Waters. Special mixtures 
of salts approximately corresponding in com- 
position to those in many of the well-known 
medicinal waters are now sold, with directions 
for preparing solutions, which, wnen aSrated, 
shall produce passable imitations of the natural 
products. 

Among the purely artificial mineral waters 
mention must bo made of seUzer water, which is 
prepared somewhat upon the lines of the natural 
I Selters water, and contains sodium carbonate, 
chloride, and sulphate, and sometimes calcium 
and magnesium cUorides, the j>roportion of these 
ingredients being varied to suit the popular taste 
of the district. It is bottled at a pressure of 
about 120 lbs., corresponding to about 45-56 lbs. 
in the bottle. 

Other medicinal artificial mineral waters 
include soda-water, potash-water, lithia-water, 
and magnesia- water. Soda-water was an official 
drug in the London Pharmacopoeia of 1836, but 
was not introduced into the British Pharma- 
copo'ia until 1867. In the present Pharma- 
copoeia (1898) it is omitted, toother with the 
other alkaline waters. There is thus now no 
standard for soda-water, and since the old 
standard of 30 grains of sodium bioarbonate to 
the pint is sometimes found too alkaline to be 
palatable, a large proportion of the soda water 
upon the market contains muoh less than the 
old s]>ecified proportion of alkali. 

Methods of Aerating, — ^The process of im- 
pregnating water with oarbon dioxide under 
pressure &teB back to the middle of the 18th 
century, one of the earliest inventors of appa- 
ratus for the purpose being the Duke de Challons 
in France. In this country the artifioial 
* aeration ' of water was sumested by Bewley 
in 1767, and in 1772 Priest!^ constructed an 
apparatus somewhat on the principle of the 
modem Kipps* gas generator. A similar ap- 
paratus was devised about the same time by 
Bergman, and was extensively used throughout 
Sweden. 

The earliest processes of bottling aSrated 
waters made use of what is known as the 
' Geneva * or semi-evntinuous process, in which 
the carbon dioxide, after beine generated from 
chalk and acid, was forced unaer pressure with 
water into a cylinder, whence it could be drawn 
off into the bottles. This process, which is still 
employed in modified forms, is useful when a 
relatively small amount of liquid is to be im- 
pregnate but has the drawbacks of requiring 
the work to be interrupted to recharge the 
cylinder, and of bottling the liquid at lower 
pressures than are often required. Hence in 
most mineral- water factories the continuous 
process is employed. Although numerous patents 
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mir may be completely expelled from the bottle, 
and in some ty|H)s ol macnlnes there are meana 
for returning the excess of gas to the gasometer^ 
though this IS not altogether ailvnntageoua 

Arrangement of Apparatus — The general inode 
of arranging the aerating apparatus in the fao 
tory IS shown in the accompanying figure (p 61) 
The gonoratur, t, » now frequently replaced 
by cylinders of hqiiened carbon dioxide, which 
&re connected with the gasometer. The soda 
water madiine, projH'rly so calk'd, has one or 
two pumps for forcing the gas and the water 
into the condenser, O, the latter being niadu of 
gun-mctal w'lth a lining of pure tin, and capable 
of withstanding a pressure three or four tunes 
in excess of any normally emnloyed In stnal] 
installations a gasifngiiio usually takes the place 
of a Bteam-engine 

Carbon DxoAnh Supply , — The general use of 
liquchod carbon dioxide instead of that geiicratod 
from acid and calcium carbonate is the chief im- 
provement on the original method of bottling. 
The new method h less expensive, more con- 
venient, and obviates the difficulty attending 
the older process of disposing of tl|D residue 
of calcium sulphate from the generator 

Liquefied carbon dioxide collected from the 
fermenting tuns m breweries is sometimes em- 
ployed, but in the writer's experience gas from 
this source not infrcqucriLly contains traces of 
volatile impurities, which imparl an unpleasant 
flavour to soda-water 

Pressures for —Soda-water and 

similar unsweetened mineral waters are usually 
bottled at a pressure of 100-120 lbs to the 
square inch in bottles, and of 150 lbs in siphons, 
whilst for lemonade and the like a pressure of 
00-80 lbs 18 employed. In the case of goods 
intended for export a much loivcr pressure 
(usually 40-50 lbs ) is geuerallv considered sufli- 
cient The figures here given are those indicated 
ufKin the pressure gaugti uf tbo maobiiio, the 
actual pressure m the dosed bottle being very 
much Jess Thus exrierimonts inncle by the 
wnter have shown Inat the jiressuro within 
bottles of soda wnter bottled at a machine 
pressure of 100-120 lbs does not exceed 46-65 
lbs An excess of pressure above a certain 
limit does not reuult in the liquid containing 

more gas 

During the lost few years auloiriatio bottlni). 

machines have been introduced into all the 
leading factories 

The principle upon which these machines is 
based is that of charging an upper cylinder with 
the carbonated liquid, and tilling the buttles 
automatically in turn, after creating a counter- 
pressure Under these conditions Ihc liquid 
flows quietly into the bottler, and there is no 
unavoidable loas of gas or syrup, through having 
to remove the air by ' '■niftmg * 

The bottles are* brou^dit oenealli the iiUmg 
cylinder on a rotating platform, and cacli m 
turn fits tightly into a boll mouth, while a 
valve IS proTidod for the escape of the air 
expelled tiy the carbon dioxide This air 
collocta above the liquid in the feeding cylinder, 
until, when a certain pressure is reached, it is 
automatically d^charged throuLdi a valve at 
the top After lilling, the bottles aie removed 
by hand, and cither corked by hand or by 

machinery, wiihout any material lou of pressure 


The larger sirc'J of machines arc capable of 
filling from 100 tcD 140 dozen bottles per hour, 
and the saving in gas, as compared witn the old 

typo of filling moriiinos, is about 26 p c 

IjOu^ pressure BtAtltng — Machines for auto 
matically filling the bottles at a low pressure are 
also largely used in mineral water factories, and 
have the advantage of speed over machines m 
which (he filling is cfTectcd by the action of 
counter prcflsure 

An automatic machine of this type is shown 
below As the machine revolves the emptv 



IfAYWARD-TTLBB 9c Co.*B POWZR TlIIS' 
Filurg Machine 

A, Fast and loose riulloyg for driving maoliiue, B, 
Bottle rests on whuh bottlf^s are placed for 
llllliiff, G, Bottle rest levers, T). Cem, which 
opuraton hot I to rest levers, E, Boilers on valve 
handles , F, Cam for opening valves , O, Release 
valves to lot air out of chainbcrs . Tappet lor 
^oiling release valves, T, Air chaintiers, J, 
Regulating bandies (or air chambers 

bottles arc successively inserted in the space 
above the blocks ii, which arc depressed m turn 
by the action of the lever c, and are held m 
osition, with an an tight joint round the mouths, 
y means of a spnng The aerated water enters 
the bottles from air-chambers m a spiral stream, 
leaving a space in the centre, through which the 
air escapes, and passing through a small hole 
in the mouili piece, is compressod in a chamber, 
until it IS released by the removal of the bottle 
from the macliine When the revolution is com- 
plete each bottle is removed by hand, and corked 
or stoppered williout material loss of pressure. 

By the use of citlier this system or the 
counter pressure system there is no wj.«te of 
goH or liquid, and the bultlci are more peifectly 
charged with carbon dioxide at a pressure of 
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78-80 lbs tbsn was po*^'^ib!e^n the older type<? 
of machines, in whion a prepure of 120 lbs or 
over was commonly iisod, and the a^r was 

expelled from each !»c>ttlo .by means of n 
* enifting * valve controlled by^hnnd 

An CHSontiai of good bottling is that all air 
should be expelled from the bottle, sinco other- 
wise, air being onl^ slightly soluble as oompare<l 
with carbon dioxide, the liquid will rush with 
almost explosive violence from the bottle, when 
openeil, but will become flat almost immediately 
On the other hand, a liquid profierly saturated 
with carbon flioxide and free from air will 
continue to omit minute bubbles of gas for at 
least five minutes after it leaves the bottle. 

PreMure OaiujfM — The niydo of measuring 
the pressure of the gas vanes in different 
countries. *Thii8 in England and the United 
States the zero mark on the ^|j»l of tho pn'ssure 
gauge mdjoates alinospherie pressure, and the 
succeeding figures represent the number of lbs 
in excess of that pressure In (Germany tho dial 
IS graduated in atmospheric pressures "in excess 
of tho normal pressure, which is roproseniod hy 
zero ; whereas in France, whicJi adopts the same 
moefe of expression, the figure 1 represents the 
normal pressure, and tho figure 2 corresponds 
to I on the Uernian scale ami to 15 lbs on the 
British and American scales, and so on 

Sweetened Atraied Drinks “-liomoiiade, ginger 
ale, and similar sweetened ‘ minoral wators * arc 
pretmTcd in the same way as soda water A 
thick syrup IS mode from sugar and Bac<harin 
and water, and this is acidibcd with citric or 
tartaric aoid and flavouri'd with an essential 
oil, which IS conveniently added in the form of 
an alcoholic solution termed a * soluble essence * 
The BviupB arc filtered through the filter bags 
shown at r, c, r, m tho diagram, into then 
respeotive tanks, h, ii, H, whence they arc 
drawn off into tho bottling machine The use 
of saccharin to replace part of the sugar in the 
svnipa IS almost universal in this country. It 
has tho advanttig(‘a of reducing the cost and of 
acting as a preservative, whilst its disadvantages 
are its cloying taste, which prevents its being 
used in more than a certain proportion, and tho 
want of fulness on the palain of sv nips containing 
It. The latter drawback is Bomotimcs remedied 
by tho addition of glucose syrup 

Methods of detecting and identif^ng sao- 
charin uro described by Boucher and Boungne, 
Bull. Soo Chim Beig 1903, 17, 12b , Analyst, 
1903, 28, 241 , von Maler, Karmaz J 1004, 
1089; Analyst, 1904, 29, 374, ViUiers, Ann 
Chim. Anal 1904, 9, 418; Analyst, 1005, 30, 
21, Choce, J Ainer CHieiii Soc 1904,26,1527, 
Jorgenson, Analyst, 1909, 34, 160. 

Addition of Saponin — The popular demand 
for a liquid which shall retain a frothv head fur 
some time after it has left the bottle has hd 
to the manufacturers frequently adding an 
extract oi qiiillaia hark or other jireparation of 
saponin, sold under tho name of * foam heading,' 
&c. Such an addition is more necessary m 
liquids containing Hscchann than iii all sugar 
beverages, which fioth more with the carbon 
dioxide Aecorchng to the results of expen- 
ments made by Lohmann (Zeitm h uil( nil. Chem. 
1903, 9, 320, Analyst, 1W3. 28, 361), sopomn 
has no injurious physiological cffeetM On the 
other hand, according to Bouroet and Cheva- 


lier (Pharm. J 1905, 75. 691) commercial 
saponin contains neutral saponms of a toxio 
nature 

For tho dctoiiion of saponin, see Brunner 
(Zeit Untcrsuch Nahr (lenussm 1902,6, 1197), 
and Ruble (itiid 1908, 10, 105; ,1 Chem Soo 
Tnd l‘K)8, 27, 954), Rosoiithaler (Zeit Untcrsuch 
Nahr Genussm 1013, 25, 154), and (!7nmpos 
(Ann Chim. anal 1914, 19, 289). 

Fermented Heverageji — ^The products of il^ 
mineral wator factory include one or two 
beverages in which the aeration is tlie result of 
a limited fermentation ^ 

Ginger beer, which is tho typo of this class, 
IS prepared by adding sugar and citnc acid to 
a mluto infusion of ginger root, infecting the 
liquid with a sinall quantity a suitable yeast, 
bottling it, and allowing Uio bottles to "stand 
at a proper temporatiiro until suflieient fer- 
mentation has taken plaee 

As a rule the fermented liquid contains less 
than 1 p c of absoliito alcohol, but occa- 
sionally m very hot weather tho fermentation 
may proceeil muih further, and tho ginger beer 
may thep contain as much as 5 or fi pc of 
alcohol. The pressure in tho bottle of ginger 
beer when ready for consumption averages about 
15 lbs to the square inch, but in cases of 
abnormal fermentation it may reach 100 lbs or 
more, and burst tho bottle 

Oeeasionnlly objectionable flavours are pro- 
duced by infection of tho liquid with wild veosts 
or bacteria, just ns m tho case of ordinary 
beer 

Other drinks of this doscnption are hnre- 
hound beer and other herb boors. Certain non- 
alcoholic ales on the market aro prepared by 
partial fermentation of an infusion of malt 
and hops, which is then used as a svrup, and 
bottled with aerated water as m the case of 
lemonade 

Stoppers of Botths — ^Tho screw stopper of 
vulcanite or stonowaro with a rubber ring to 
effect a tight joint is now universally employed , 
for tho glass ball stopper (which had miien to 
recommend it) has fallen into popular disfavour, 
and 18 now rarely met with, except m out of-the* 
way districts 

The chief objection to the rubber-clod stopper 

IS that impurities of various kinds may lodge 

beneath the rubber, and unless stnot clean- 
ImcHB is observed, may contamiuate tho con- 
lonis of the next bottle mto which it is mtro- 
diiccd. 

Tho Crown corking system has in recent 
cars eomo into general favour for closing 
ottlos of mineral water 
A cap of tinned steel or aluminium, with a 
corrugated etlge, is pressed down by a machine 
into a special ridge on the neck of the bottle, 
while .1 disc of prepared stenhsed cork covered 
with parchment paper, which is fitted into tho 
cap, makes an air tight joint 

It IS essciitiHl that tho bottlc'i should be of 
an exact pattern, since the slightest vaiiation 
from tho standard may lead to faulty bottling 
and eonsoquont loss of gas 

Bacirrtoloqical ('ondihons — It was foimerly 
believed that stciiiisation was effected b> 
aerating a liquid with carbon dioxide under a 
high pressure In 1908, however, bactenoscopio 
examinations were made, at the instigation of 
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the medical officer for the City of London, of a 
latge number of bottlee of Boda<water, and it 
was found that about 25 ]>.c. could be regarded 
as pure, and over 33 p.c. as impure, the remainder 
being * fairly pure^ or ‘not pure.’ in some 
of the wont samploR the numbers of micro* 
organisms per 1 o.c. at 20° were uncountable, 
and some yielded sediment from 60 o.o., which 
when cultivated at 37°, gave innumerable 
colonies. 

As the result of this investigation a meeting 
of representative mineral water manufacturers 
wa^ held, and it was decided to adopt stringent 
measures to guard against bacterial contamina- 
tion. 

In addition to the obvious precautions of 
having a pure water supply and observing clean- 
liness in every stage ot the manufacture, it was 
agreed to discard all wooden tanks and vessels 
(except for preliminary soaking to remove labels 
from old bottles), to rinse the bottles with 
water of assured purity immediately before 
filling, and to use for this purpose a metal jet 
of Buflicient force. Wherever practicable, rubber 
rings were to be reniovetl from the stoppers, or, 
failing that, were to bo immersed in a solution 
of caloiiim bisulphite, and afterwards rinsed with 
ure water. 'I'ho jilant was also to be inspected 
y a competent authority. 

There is no doubt that the adoption of such 
precautions has had the result of raising the 
standard of purity of soda-water throughout the 
country. 

In considering the bacteriological aspect of 
the question, several points suggest themselves. 
'J’hus an unfavourable bactcrioscopio examina- 
tion of one or two samples taken casually does 
not necessarily imply faulty manufacture, for 
it may be the result of accidental contamination 
of the stopper by the hands of the worker — 
against which there is no coniploto safeguard. 

Absolute sterility of the contents of the 
bottle should not bo demanded, and it is un- 
reasonable to require a greater degree of purity 
than that of the average water supply of London. 
Given a sufficient degree of purity of the original 
water, which is essential, efficient inspection 
of the factory at irregular intervals is a bettor 
protection than an oooasional bactcrioscopio 
examination. When sucli examinations are 
made pcTiodicolly, they should be made under 
comparable conditions, i.r. at the same intervals 
after bottling ; otherwise the product of the 
cleaner process may show the worse results. 

Standards are notoriously difficult to fix, 
but making allowance for the various chances 
of contamination, an average sample of soda 
water, examined one day after bottling, should 
not yield more than 100 organisms per 1 c.c. at 
20°, or contain sufficient B. colt to be dis- 
coverable in 10 0 . 0 . 

Preservalivea in Mineral \Vatera , — The pre- 
servatives most likely to bo met with in un- 
sweetened mineral waters are sulphites and 
bisulphites, solutions of which are frequently 
used, as in breweries, for cleansing the plant. 

A small proportion of salicylic acid is often 
employed to prevent fermentation in the so- 
oalled * fruit syraps* and other sweetened 
articles, which might otherwise ferment and be 
the subject of an excise prosecution iot con* 
taining alcohol. 


FermeiUaiions ot jurring in Mineral Waien.^ 
Excessive fermenti bion of ginger beer is not 
uncommon in very hot weather, and the writer 
has men with samples containing as much as 
6 p.o. of absolute ivicohoL 

Occasionally acetic or lactic fermentation 
may take place, and spoil a batch of goods, but* 
this seldom happens when thorough cleanliness 
is observed. 

A troublesome form of fermentation, commonly 
termed the * mucoid fermentation,' results in 
the conversion of the contents of the bottle into 
a thick ropy gelatinous mass. This may be 
I caused by *Boveral micro-organisms, such as 
I B. ffelalinosum hdee or B. viscoaua aacchari, and 
is more liable to occur when beet sugar is used 
for the syrup than when cane sugar is u^. 
When it occurs in an isolated bottle, insufficient 
cleansing is a chief factor in its production. 

Memhc Jmpurittea . — Mineral waters not in- 
frequently contain traces of metallic impurities, 
specially iron, tin, and lead, derived from the 
materials used or from some part of the plant. 

Iron in soda-water is objectionable from the 
fact that, when the beverage is added to a 
light-coloured liquid, such as whiskey, con- 
taining a trace of tannin, an unpleasant dark 
colouration is produced. 

Traces of tin find their waj' into mineral 
wat<‘rs througli the action of acid syrups upon 
the tin piping leading to the bottling machines, 
wliiUt lead may be derived from solder on the 
pipes. No such soldering sliould be permitted, 
and thorough fliishing of tin piping vrith water 
night and morning effectually prevents con- 
tamination with tin. A still better safeguard, 
which has been adopted by some factories, is 
to leplaco the tin pipe by glass tubes with 
rubber connect ions. 

Alloys of lead or antimony with tin are more 
«ioliible m seltzer water than either metal 
.separately {see liarille', Compt. rend. Iflll, 163, 
361). 

A still more common source of lead is the 
citric or tartaric acid, in which it is frequently 
present as a manufacturing impurity. 

Copjier is not a common impurity, and. when 
present, is usually due to accidental contact of 
the acid synip with the metal. 

Arsenic may be derived from glucose used 
in the preparation of the syrups, or from the 
use of preparations of phosphoric acid instead 
of citric or tartaric acid for acidifying the syrups. 

It has been asserted that mineral waters 
take up traces of antimony from the rubber 
rings of the stopper (which contain a large 
proportion of antimony sulphide). Experiments 
made by the writer, however, have shown tbst 
even a boiling 6 p.c. solution of hydrochloric 
acid does not dissolve any antimony from red 
rubber, and that there is thus no risk of mineral 
waters being contaminated in this way. 

(For the detection of traces of metallic im- 
purities in mineral waters, see Budden and 
llardy (Detection of Lead, Tin, Ckipper, and 
Iron), AnaWsI^ 1894, 19, 169; Tatl^k and 
Thomson (Lead in Citric and Tartaric Acid), 
Analyst, 1908, 33, 173; Lander and Winter 
(Poisonous Metals), Analyst, 1908, 33, 460; 
Keport of Conjoint Committee on Arsenic Deter- 
mination, Analyst, 1902, 27, 48; Report of 
lioyal Commission (Arsenic), Analyst, 1904, 29, 
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60 ; Thorpe (Eleofcrolytio Determination of 
Anenich Analyst, 1903, IS, 349); Curtman 
and Mosher (tin), J. Amer. Ohem Soc. 1913, 35, 
857). , 0. A. M. 

5BIRGUO. (Verdigris f?) V hydrated basio 
carbonate of copper.) The name given by the 
Romans to the green rust produced on copper 
and bronze bv the united action of the oxygen 
u ator and carbon dioxide of the air. It was con- 
sidered by them to enhance the beauty of their 
bronze statues. The same rust forms on brass, 
which was, however, not used by the Romans. 

ffiCHYNITE. A rare-earth mineral from 
Miask in the Ilmen Mountains, southern Urals, 
described by Berzelius in 1828, and named 
from alerx'&t^t shame, in allusion to the fact 
that at that time no means of separating 
titanium and columbium was known to ohemisis. 
It is a titano-columbate (and thoratc) of cerium- 
metals, calcium, and iron, and the composition 
can be expressed as a combination of a meta- 
columbate (0a,Fe)Cb|O« with a titanate (and 
thorate) CO||(Ti,Th)40 1 1. The mineral forms 
orthorhombic crystals of prismatic habit. It 
is black or brownish, with a pitchy lustre, and 
coi.choidal fracture ; sp.gr. 4*0-5*17 : hardness, 
5-6. The crystals are found with red felspar, 
biotite, and zircon in nepholino-syonite at 
Miask, Urals. The mineral from llitterd, 
Norway, referred to this species by W. C. 
Broggor in 1879, has since b^u nafiied blom- 
strandine {q,v.). L. J. 8. 

^GULETIN, ^GULIN v. (Iluousioes and 
iloiisB Chestnut. 

AETHUSA GYNAPIUM (Linn.). ‘Fool’s 
paisley * or the ’ lesser hemlock,’ a poisonous 
umbelliferous herb When dried and e.\tracted 
with alcohol, yields on distillation a sintill 
quantity of an essential oil, and the residue 
contains a resin, a crystalhue hydrocarbon 
pentatriacontane (m.p. 74°) anil a crystal- 

line alcohol (m.p. i40°-14l° : [a]j,=:-36*7®) 
either isomeric with phvtostcrol Ca<,Il4»0, 
or a lower homolog uo ; d-imnnilol, together 
with a small quantity of a volalUe alkaloid 
resembling couine, to wFiich the alleged poisonous 
character of the herb may bo duo (Power and 
Tutin, J. Soc. Chcin. Ind. 1905, 938). 

AFFINITY, GHEMIGAL v. Ciiemiual 

AFFINITY. 

AFRIGAN ELEMI v. Oleu-resins. 

AFRIGAN GREEN or EMERALD GREEN r. 

PltiMENTS. 

AFRIGAN INGENSE r. Oleo-resirs. 

AFRIGAN MARIGOLD. Taaeles patuUi, 
QiierceltJ^elin was isolated from the flowers of 
the African marigold, Tagetes jMiula, by Latour 
and Magnier do la Source (Bull. Soc. chim. 1877, 
[ii.J 28, 337), who state that it also occuis in 
other varieties of the same plant. In appearance 
and general properties it is described as resem- 
bling quercetin, the colouring matter of quer- 
citron hark, and from this fact, tojgfcther with 
its origin, the name qaercetagHin S evidently 
derived. On the other hand, according to 
these authors, its crystalliue form, solubility 
in 60 p.c. alcohol, and the numbers obtained on 
analysis indicated that it was distinct from 
quercetin CjjHjoOii, and it was considered to 
poasew the formula Ca7H|jOi, (anhydrous) or 
(sir-dmd). A preliminary re- 
examination <» tbia ooloui^ matter was mode 


by Perkin in 1902 (Chem. Soo. Proc. 18, 75), 
and it has more recently been studieil in greater 
detail by the same author (Chem. Soo.^h'ans. 
1013, 103, 209). To isolate the colouruig 
matter, which is largely present in the flowers 
as glucoside, a conoentratM alcoholic extract is 
diluted with water which proeipitatos a viscous 
impurity, and this is removed by means of 
ether. The clear liquid treated when boiling 
with addition of a little bydrochlorio aoul 
deposits after cooling but a small bulk of tho 
colouring matter, and repeated extraction of 
the solution with ether is necessary foiv its 
economical isolation. Tho crude product thus 
obtained can be crystallised from mluto alcohol, 
but for complete purification it is noocssary to 
prepare the acetyl derivative, and after ro- 
orystallisation to hydrolyse this in tho usual 
manner. 

Queredagetin 0 ifiHti,OH, or as crystallised 
from diluto alcohol Ci 5 H,oOk» 2 H|iO, forms palo 
yellow glisteniug nccdli's or leallcts resembling 
quercetin in anpcaraiicc and melts at about 
318°. Very diluto alkuli dissolves it with a 
pure yellow colour, which by air oxidation 
becomes olive, and liiially deep brown, but 
these changes are not so marked wlicii a stronger 
alkal^ (10 p.c.) b employed. Aluoholio forriu 
chloride produces an olivo-green colouration, 
whereas cold alcoholic lead acetate forms an 
orange-red pH'cipiiato which on keeping becomes 
yellower and tiiiully dovcloos a green tint. On 
lusloii with id kali protocutccnuic acid is obtained, 
together with a phenolic jiroduct which, how- 
ever, quickly oxidises, and has not yet been 
identified. 

Qucrcctagctui readily yields oxonium salts 
with mineral acids, and of these tho itulphale 
LlisHiuO (.,11.4804, iiiio orange- coloured noodles, 
has been described. 

MonofHjtassimn qucicdagdin CicIIbOhK scj^ia- 
rates as an orango-ycliow somi-crystallmo 
prccipitaUi when potassium acetate is added to 
a solution of quercotagctin in absolute alcohol. 

By acetylation acdglquercdagdin 
0 | 4 H 40 g(CglIj 0)4 

colourless needles, melting at 209°-'21 1°, b pro- 
duced and on alkylation employing alkyl iodide 
quercdaqdiu pentamdhyl dher 0 , r,tiAOs(OCiJa) 5 , 
pale yellow needles, m.p. 101°- 162°, and quercc- 
tageltn hexamethyl ether C 1511404 ( 00114 ) 4 , colour- 
loss neodle-s, m.p. 107°- 158°, can be prepared. 
Acdylqucrcdagdin pentamdhyl dher 

(J,5H4O3(O0H4)5OaH,O, 

melts 161°-163°. 

Querceiagdin hexaelhy dher Ci5H402(0Et)4 
m.p. i39°-14l°, yields oxonium salts with 
mineral acids in tho presence of acotio acid, 
the sulphate separating in orange needles, 
whereas the crystab of the hydrochloride 
uosscBBcs a somewhat more yellow colour. Thb 
behaviour b analogous to that of quercetin 
pen tame thy 1 other (Watson, Chem. 80 c. Proo. 
1911, 27, 163). 

When hydrolysed with alcoholic potassium 
hydroxide quorcetagetin hexoetbyl ether gives 
pnAocateehmc acid didhyl dhe/r and quercc- 
tagdol tetraethyl dher C14U44O4, which crystal- 
lises in prbmatio needles, m.p. 46°-48°. The 
latter yields the oxime CuHssOaN, m.p. 
93°-95°, and when oxidised with alkaline 
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permanganate gueree/ogdtntc acid, m.p. 100°- 
102°, ia produced. 

to whicS the constitution (I)^is assign^, and 
protocatechuic acid diethyl ether (2) 

(I) C,H(OEt)^<yQ_(,jj^.Qj.j 

(2) CO,HC.H,(OEt), 


f»-ora quorcctagotin hexacthyl ether, indicate 
that q uercetagetin is a pentahydroxyflavonol 
isomeric with myricetin and gossypetin. Simi- 
larly to this latter colouring matter it appears 
to'contam a totrahydroxybenzene nucleus, and 
it is suggested that its constitution may be 
represented by one of the two following formuise ; 




OH 


>OlI 


HO 




OH 


OH 


II ■ 


OH 

'.OH 


OH 


Q uercetagetin readily dyes mordanted fabrics 
shades of a generally similar character to those 
given by other well-known fluvonol colouring 
matters. 

Chromium. Alumivium. IHn. 

Dull oil ve-ycllow. 2’ollow-orange. Brown. 

Iron. 

Brownish-black. 

A trace of a more sparingly soluble colouring 
matter is prosimt in tfu* flowers and roprosents 
about 1 p.c. of the crude q uercetagetin referred 
to above, it crystallises from alcohol in some- 
what indefinite groups of minute needles and 
dissolves in alkaline solution.s with an orange 
oolour passing to green on dilution with water. 
Though similar in appearance to rhamnotiii 
(quercetin monomethyl ether) it docs not contain 
a meihoxy group. 

Dyeing Properties of the Flowers . — Employing 
mordanted woollen cloth, the following shades 
are produced : — 

Chromium. Aluminium. Tin. 

Yellowish- Palo dull Deep yellow- 

brown. yellow. orange. 

Iron. 

Brownish-black. 

Those possess a somewhat redder character than 
those given by quercitron bark, and are similar 
to, though not so red as those from patent 
bark. As queroetagotin mainly occurs in the 
flowers as glucosidc, their tinotonal effect is 
evidently due to this latter. A. U. P, 

AFRlDOL. Trade name for the sodium salt 
of hydroxymercury-o-toluio acid. 

AGAUTE. A name used in the paper-making 
trade for a flbrous variety of the mineral talc, 
a hydrated magnesium silicate, H,Mg,Si 40 ,s. 
It is white with a tinge of green, and is readily 
reduced to short, fine fibres. It is obtained 
almost exclusively from the district near 
Gouvemeur, in St. Lawrence Co., New York, 


about 70,000 ton**, valued at $10 per to^ 
being produced a* Dually, practically all of it 
being used in the American Mper trade. It 
gives weight and body, and produces a fine gloss 
on the Bimace of che paper. L. J. S. 

AGALM ATOLITE, or Pagodite. A soft stone 
much used in the East, especially in China, for 
carving small statues ana figures, as signified 
by these names. At least thm mineral species 
appear to be included under these terms, viz. 
pyrophyllite, steatite, and pinite ; but it is to 
the compact forms of the first of these that they 
are perhaps more generally applied. In addition 
to their compact nature and low degree of 
hardness, they have in common a greasy or 
soapy feel : in colour they are white, greyish, 
greenish, yellowish, Ac., often with motuing. 
j^rophyUite is a hydrated alumLiium silicate, 
H^AlgSi^Ois ; steatite, a hydrated magnesium 
silicate, H^Mg^SiiOi^ ; and pmite is an alteration- 
product consisting largely of a finely scaly 
muscovite-mica, a hydrated potassium alu- 
minium silicate, H^KAljiSigOit. Besides being 
employed as material for carving, these minerals 
are used for slate-^ncils (‘ pencil-stone *) and 
for tailor's chalk (* French chmk '). 

Extensive beds of compact pyrophyllite arc 
quarried in the Deep River region m North 
Carolina, the material being mainly used for 
making slate-pencils. At Fukuye, in Goto 
Island, in the south of Japan, a compact mineral 
allied to pyrophyllite is mined under the name of 
* ruseki ’ (meaning * greasy stone ' in Japanese) ; 
it IS crushed, washed, and prepared very much 
like china-clay, and the product used for making 
fire- bricks, and to a smaller extent in the manu- 
facture of porcelain and paj^r. This material 
contains SiO, 63-58, Al^O, 32-36, H|0 7-9 p.c. 

L. J. o. 

AGAR-AGAR, Bengal Isinglass. Dried sea- 
weed obtained from Singapore and other places. 
It is obtained from various red alga*, including 
Qelidium corneum, 0. cartilagineum, Kucheuma 
spinoaum, and Gractlaria lichenoides, which grow 
along the coasts of Eastern Asia and Malaya. 
The cell-walls of these seaweeds, when placed in 
boiling water, change into jelly. 

It occurs in small transparent strips or os 
a powder, and dissolves almost entirely in water 
to a gelatinous, tasteless, and inodorous jelly. 
It is widely used as a nutritive medium for 
the cultivation of bacteria and fungi. Analysis 
of fifteen samples of agar from widely different 
sources gave the following results : moisture, 
14-57-17-84 (average 16*67) ; protein (Nx6*26), 
1*63-3*26 (2*34); nitrogen-free extract, 72*72- 
78*21 (76*16) ; ether extract, 0*17-0*46 (0-30) ; 
crude fibre, 0*39-1 *50 (0*80); ash, 3*08-6*68 
(3*85) ; and silica, 0*31-1*11 (average 0*68) p.o. 
A specially purified commercial agar for bacterio- 
logical purposes contained ; moisture, 6*72 ; 
protein, 1*14; nitrogen-free extract, 89*26; 
ether extract, 0*32 ; crude fibre, 0*46 ; ash, 
3*12 : silica, 0*29 p.c. High ash or silica con- 
tent is indicative of an inferior product. An 
aqueous solution of agar is acia to phenol- 
phthalein. A purified agar for use in baoterio- 
logical work where a gelatinising agent con- 
tanring a minimum of nutrients is desired, may 
be prepared by washing agar shreds in a dilute 
solution of acetic add, washing out the add, 
dissolving the agar to a 5 p.c. solution, and 



AQAm 

pouring the hot aolutioii a^owly into a laige tinous silica. Agato like structures have alstf 
volume of 05 p.o. alcohol ormcetona. The pre- been produced by Liesegang by the difTusion 
cipitated agar TOntams oonsiuerably less nitrogen of one saline solution into another in a selatinous 
than the original material. Pait at hast of medium (B. £. Lie'egang» Geologis^e Diffu- 
the nitrogen compounds pi^sent in agar is sionen, Dresden and Leipzig^ 1013 ; Die Achate, 
available as nutriment for ' micro-organisms. Dresden and Leipzig, 1916). 

The setting power of aqueous solutions of agar Many triviid varieties of agate are distin- 
is not destroyed by acid or alkali between the guished, depending on the patterns presented 
limiting concentrations of 4'5 p.o. li(i and oy the several layers of the stone. For example, 
5 p.c. NaOU ; but if the solution bo heated for fortification-agate, eye-agate, ring-agate, ribanrj- 
fif teen minutes under a pressure of 1 atmosphere, agate, brecciated- agate, &c. OnifX is an 
the range of concentrations within which soiidi- important variety, differing simply in that the 
fication occurs is reduced to from 2 p.c. HC'l to layers arc plane, thus enabling cameos to be 
4*5 p.c. NaOH. The gelatinising nower is engraved in relief in one layer with a background 
incr^sed by addition of peptone ana slightly in another didorently coloured layer. A typical 
diminished by potassium chloride (Fellers, J. onyx witli alternately white and black layers is 
Ind. Eng. Ohem. 1916, 8, llfIS; J. Soo. Ohem. however, of rare occurrence m nature, and has 
Ind. 1917, 36, 43). See aiso Ai.o-'b and Gums. usually boon produced by nAidcial colouring, as 
A6AB0BILLA. The seed-pods of Ccesalptna explained below. In cariielian-onyx the layers 
hrevift'lia (Daill.), used in dyeing and tanning. are rod and white, and in sardonyx brown and 
AGATE, A native form of silica consisting white. Moss- agates, mocha-stones, dendrites, 
mainly of chalcedony {q.v.) and showing a more Ac., are chaloodonios witli enclosures of various 
or less concentric arrangement of differently kinds. 

coloured layers or bands. The layers differ not The artificial colouring of bunded chalcedony, 
onlv in colour, but also in transluccncy, porosit}^, or the intensification of the coloration of agates, 
and crystalline structure. Some layers show for the produotiuu of ornamental objeota was 
the minutely fibrous structure of typical cbnlcc- probably known to the ancient Romans, and 
dony, others arc more dense and cryptocrvstal- was piactisod by the Italian camoo- workers of 
lino, while some may consist of crystalline tho Middle Ages. Tlie ait was for a time lost, 
<j[uartz, or again of opaline silica. tSorae of tho and again camo into use nt Idar in Germany 
layers containing larger amounts of impurities about tho year 1820, whore it has been much 
and colourinj^ matter may bo more of the developed and c\ tend voly iiaod. Indeed, practi- 
character of jasper, as in tho agate-jaspers or cully all tho fiushioned and polislied stones now 
jasp-agates. Tho matciial has been deposited placed on tho market have been artificially 
layer upon layer from solution in a colloidal treated. 

form, and subsequently solidified in a partly A black colour is obtained by soaking the 
erysfallised condition. Tlio deposition has well-dried stones for some weeks in a warm 
taken ulace as a lining in rock cavities, proceeding dilute solution of sugar or honey, or in olivo-oil, 
inwaras from tho margins of tho cavity In and, after washing, immersing them in warm 
the majority of cases tho contuming rock is a Hiilphurio acid. The organic matter absorbed 
volcanic rock of basic composition (}.r contaming by the more porous layers of the siono is thus 
no free primary quartz ) ; tho cominoiiest homo carbonised. In case the black colouration is too 
of tho agate bemg tho steam cavil k's of basaltic intense it may bo softened by tho action of 
rocks. The movement of the molten lava has riitr’c acid. A rich brown colour has recently 

caused the steam cavities, originally spherical, been produced in sonic translucent stones, 

to be drawn out into almond shapes in tho giving tlioni somewhat tho appearance of gurnet, 
direction of the flow. Those almond-shaped, or by soaking them in brown sugar-candy and then 
amygdaloidal, cavities may subsci] ucntly become igniting. A red colour is [iroducod by saturating 
fillea with secondary mineral matter of various tho stone with a solution of an iron salt and 
kinds, derived from the primary minerals of the igiut.ng, A yellow tint inclining to lomon-yellow, 
rock by the action of tho hot vapours and is imparted by digesting tho stones in warm 
solutions which are always present in igneous hydrochloric acid, /i/as, ranging from the 
magmas. Such secondary minerals — calcite and deepest indigo to delicate sky-blue, is produced 
vanous zeolites — which are commonly associated by soaking tno stones first in a solution of ferrous 
with agates, have probably been formed while sulphate and afterwards in a solution of potas* 

the rocK was still hot. The exact conditions of sium forrooyanide. Such a colour, ana also 

deposition and mode of formation of agates lomon-yellow, is, however, unknown amongst 
have, however, given rise to much discussion, naturally coloured agates. Tho blue coloured 
With the weathering of such an amygdaloidal stones have often been passed off as lapis-lazuli, 
rock the agate-amygdales, being more resistant, but they arc readily distinguished from this bv 
are set free, and may be easily separated from their greater degree of translucenoy and hard- 
the clayey matrix, or they are washed away and ness, and the absence of specks of iron-pyrites, 
broken up in streams and rivers. Oreen colours, resembling that of the natural 

The artificial deposition of gelatinous silica chrysoprase, have been produced by the use of 
in forms closely resembling those of certain salts oi chromium and nickel. Finally, varieut 
agates has been effected by J. TAnson and E. A. fancy and quite unnatural colours have bMn 
Pankhurst (Mineralogical Magazine, 1882, v. procfuced by simply dyeing the stones with 
p. 34). A strong acid is introduced by means of aniline dyes ; these colours fade on exposure 
a pipette into a solution of an alkaline silicate to light, and finally disappear. On the history 
containing a certain proportion of alkaline of colouring agates, see Nbggerath, Die Kunst, 
carbonate ; the bubbles of carbon dioxide set Onyxe . . . zu f5rben, Karsten’s Archir» 1848» 
free beoome coated as they ascend with gala- xxii. 262 ; and on the methods now in use at 
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Idar, 0. Dreher, Das Farben des Achats, 
Idar, 1913. 

The agate-cutting industry has long been 
centred at Idar and Obnrstein on the Nahe, 
a tributary of the Rhine, and originally the 
stones were obtained locally from the amygda- 
loidal melaphyre of the Galgenbeig. But since 
1827 enormous quantities have been imported 
from Uruguay and the neighbouring Brazilian 
state of Rio Grande do Sul. In India, agates 
and other varieties of chalcedony are abundant 
in the trap rocks of the Deccan plateau, and 
have long been worked by the native lapidaries. 
The well-known ‘ Scotch pebbles ’ are prettily 
coloured agates from Forfarshire, Perthshire, Ac. 
Many locetlities in America and Australia might 
also be cited. 

Besides being used for a groat variety of 
small ornamentm objects, agato finds technical 
applications in the construction of pestles and 
mortars, burnishers for gold-workers and book- 
binders, smooth stones for paper and card 
manufacturers, rollers for ribbon makers, and 
pivot supports for balances, magnetic needles, Ac. 
It may Ibe remarked, however, that an ‘ agate 
mortar * need not necessarily show the coloured 
banding of a true agate, but may just as well 
be cut from an unhanded chalcedony. 

On the agate industry, see G. Lange, Die 
Halbcdelsteine . . . und die Gesohichto der 
Aohatindustrie (Krouznach, 1868) ; Upmann, 
Beit. z. Gesch. d. Graftsch. Oborstehi (Mainz, 
1872). On Scotch agates, see Guide to the 
Collection of Scottish Agates, Royal Scottish 
Museum (Edinburgh, 1899) ; M. F. Heddlo, 
The Mineralogy of Scotland (Edinburgh, 1901). 
On agate in general, see M. Bauer, Edelstein- 
kunde, 2nd edit. (Leipzig, 1909), and Engl, 
transl., Precious Stones, by L. J. Spencer 
(London, 1904) ; R. Brauns, transl. by L. J. 
Spencer, The Mineral Kingdom (Esslinj^cn, 1912). 

AGAVE. An amaryllidaceous genus including 
several species, the leaves of which provide 
useful fibres. ‘ Pitc,’ or ‘ pita hemp,’ mainly 
produced in Mexico, is obtained from A. ameri- 
cana (Linn.) and A. mezicana (Lam.). It is 
also obtained from several other American 

r cies of Agave, ‘ Sisal hemp ’ is derived from 
rigjda (Mill.), which grows in Mexico, Central 
America, and the West Indies. 

AGAVOSE. An inactive sugar CiaHsaOn, 
reducing alkaline copper tartrate, and yielding 
a laovogyrate sugar on inversion; found in 
Agave americana (Lmn.), grown in Mexico. The 
young flower heads are used in the preparation 
of a fermented intoxicating drink termed 
* pulque ’ (Michaud and Tristan, J. Amer. Chom. 
Soc. 14, 648). According to Stone and Lotz, 
J. Amer. Chem. Soc. 17, 368, this sugar is 
saccharose. 

AGMATINE v. Eroot. 

AGNIN or AGNOLIN. Syn. for Adeps lance, 
or purihed wool fat. 

, AGOBILIN. Trade name for a mixture of 
strontium cholate and salicylate with diacetyl- 
p hffl olpht h a lein . 

AGONIADA BARK. The bark of Plumiera 
lancifolia (Muell.), used in Brazil as a remedy 
for intermittent fever, oontains a bitter crystal- 
line glucoside, aqoniadin (Peckolt, Arch. Pharm. 
[2J 142, 40, 1870), identical with the plumieride 


of Boorsma and Merck, obtained from Plumiera 
acutifolia (Poir.) ; it is probably the methyl ester 
of mumieridie at A, and has the composition 
OsiH eOii (c/. Franchimont, Reo. trav. chim, 
1898,*' 18, 334 ; Proo. K. Akad. Wetensch. 
Amsterdam, 1900, 3, 36). 

AGROPYRUM (B.P.) or TRITICUM. Hhn 
dried rhizome of Agropyron r&pens (Beauv.). 

AGROSTEMMA SAPOTOXIN v. Glucosides. 

AGURIN. Trade name for an addition 
product of sodium theobromine and sodium 
acetate. 

AGUTTAN. Oxyquinoline salicylic acid. 

AICH METAL. ^An alloy patented bv J. 
Aich in 1860 for use as sheathing for ships. 
Contains copper, 60 parts; zinc, 38*6 parts; 
iron, 1*6 parts. 

AILANTHUS BARK. The inner bark of A, 
exceUa (Roxb.) and A, glandulosa (Desf.) ; it 
has the odour and taste of cinnamon ; used as 
a tonic in dyspepsia (Dymock, Pharm. J. [3J 7, 
309). An Indian name of the former is 
Maharukh. 

AIROFORM. Identical with airol {q.v,). 

AIROGEN. Identical with airol (q.v.). 

AIROL* A basic bismuth-oxyiodide ga%te, 
analogous to * dermatol,’ a basic bismuth- 
gallato. Is a greyish-green powder without 
smell or taste, soluble in caustic soda or dilute 
mineral acids. Becomes red on exposure to 
damp air. Has boon used climcally as a sub- 
stitute for iodoform (v. Bismuth and Iodoform). 

AJOWAN OIL V. Oils, Essential. 

AKAZGINE V. Nux Vomica. 

AK MUDAR, AKANDA, AKRA RUI, or 
ERUKKU ERUKKAM. Tho bark of Cahtropis 
gigantea (Ait.) and 0. procera (Ait.). An im 
portant Indian drug (Dymock, Pharm. J. [3] 
10 , 122 ). 

AKOLA V. Ankool. 

AKRA RUI V. Ak Mudar. 

ALABANDITE. Manganese sulphide (MnS) 
(v. Manoanesb). 

ALABASTER. {Albdtre, Fr. ; Alabaster, Got.) 
A massive, crystalline, and marble-like variety 
of the mineral gypsum (Ca«S 04 , 2 H 20 ). It is 
found in Glamorganshire ; at Syston in Leices- 
tershire ; at Tutbury, near Burton-on-Trent in 
Staffordshire, and other places in Britain. A 
snow-white alabaster much used for small 
ornamental objects, such as vases, lamps, stands 
of timepieces, &o., is found at Volterra, in 
Tuscany. The harder varieties are worked with 
the same tools as marble, smoothed with pumice 
stone, polished with a mixture of chalk, soap, 
and milk, and finished by friction with a 
flannel. 

The softer kinds may be turned or fashioned 
with rasping tools, fine chisels, or small files, 
smoothed with dried shave grass, then rubbed 
with a paste of putty powder or finely divided 
slaked lime, and polished by washing ^th soap, 
water, and lime, and finally with powder^ 
elutriated French chalk or talc. 

Alabaster may be stained by heating it to 
about 90° or ICO'’, and then dipping it into 
the colouring solution, which may be either 
metallio solutions, spirituous tinctures of natural 
dyes, or coloured oils (Habild, "^'agner's Jahr. 
28, 669). 

A variety of alabaster known as onyx of 
Tecali, from Mexico, takes a fine polish; ito' 
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colour varies from milk-wni*e io pakle-yellow and 
pale-green (1. 29, 1264), ^ 

ALACREATINE v, Crea^ihe. 

ALAITE, Hydrated vanadio oxide Va 05 ’fi .0 
found as blood>xed, mossy growths with silky 
lustre at T^ya-Muyun in the neighbourhood 
of the Alai Mountains in Fergana, Russian 
Central Asia. The uranium and vanadium 
deposits mined at this locality consist of vana- 
dates of uranium, calcium, and copper, occurring 
as impregnations in a coarse-grained Devonian 
limestone (K. A. Nenadkevic, 1909). 

L. J. S. 

ALAMOSITE. A lead silicate PbSiOa, found 
near Alamos, Sonora^ Mexico; analogous to 
wollastonite CaSiOj, in form, habit, and com- 
position It occurs in radihtcd aggregates of 
minute cclourless transparent iibres, wluch give 
a snow-white appearance to the mass (Palaoho 
and Morwin, Amer. J. 8ci. 1909, 27, 390; J. 
Soc. Chem. Ind. 1009, 600). 

ALANGIUM LAMARGKII u. Ankool. 

ALANINE, a-Alanine a^aminopropionic acid 
NH^’CHMcCO^H, contains an asymmetric car- 
bon atom, and the doxtro, laevo-, and racemic 
isumorides are known. .^-Alt^iiiuo is one of the 
decomposition products of a large number of pro- 
teids ; together with a glucoprotcid C 7 H, 404 N 2 , 
it forms 51 p.c, of the product obtamod bv 
the hydrolysis of legumin of peas (Blounaru, 
Ann. Chim. Phys. [5J 26, 47), and is formed to 
the extent of 21 p.c. from silk fibroin (Woyl, 
Ber. 21, 1529; Fischer and Skita, Zeitsch. 
physiol. Chem. 33, 177 ; Johnson, J. Amer. 
Chem. Soo. 1916, 38, 1392-1398). It is found 
in yeast protcid (Neuborg, Woch. Brauerei. 
1915, 32, 317-320), and in ‘ Zurdon’a ’ meat 
extract (Zeitsch. physiol. Chem. 1913, 83, 
458-407). (For the * methods of separating 
alanine from the other hydrolytic products of 
the proteid, v. art. Pboteinh.) r- Alanine is ] 
prepared synthetically by the action of hydro- 
chloric acid on the aminonitnlo NHa'CHMe'CN, 
produced by the interaction of aldehyde ammonia 
and hydrogen cyanide (»Strecker, Annalen, 75, i 
29) ; or, together with a-aminopropionitiilo 
hydrochloride, when ammonium chloride, potas- | 
sium cyanide, and acetaldehyde interact in 
cquimolecular quantities in aqueous solution 
(Zelinsky and Stadnikoff, Bcr. 41, 2061) ; by 
reducing a-mtrosopropionic acid with tin and 
hydrochlorio acid (Gutknecht, Ber. 13, 1U6) ; 
or hydrolysis of a-ti iazopropionio acid (Curtius, 
J. pr. Chem. [21 38, 396). 

Alanine crystallises in needles or sharp 
rhombic prisms, dissolves in 4*6 parts of water 
at 17°, or in 500 parts of 80 p.c. cold alcohol. 
For solubility and optical activity of r-alantnef 
see Pellini and Coppola (Atti R. Accad. Lincei, 
1914 [v.] 23, 1, 144-160, from Chom. Zentr. 
1914, 1, 124). Its heat of combustion is 389 
Cal. and heat of formation 135*2 Cal. (Ber- 
thelot and Andrd, Compt. rend. 110, 884). For 
quantitative estimation of the light absorbed 
by complex salts of alanine, see Ley and Hegge 
(Ber. 1916, 48, 70), and for the inOuenoe of 
neutral salts on the rotatory power of alanine, 
see Pfeiffer (Ber. 1915, 48, 1938). The resolution 
of raeemio alanine has been effected through ^ 
the benzoyl derivative, which is separated into 
d-benzoylaianine (m.p. 147°-148* [a]D+37*13° 
in alkaline solution), and l-henzoykUanine (m.p. ' 


150°-15i° (ootr.), [a]o~37:3° in alkaline solu- 
tion), b}r oi^stallisation of the brucine salt, and 
these meld on hydrolysis the ooneq[>onding 
optically active alanines ; r^alanine decom- 
poses at 264°-268° (Zelinsky and' Stadnikoff, 
Z.C.), at 293° (Fischer, Bor. 32, 2461) ; d-alanine 
has [a]i>+9‘55° in hydrochlorio acid solution; 
d-alanmz is unchanged when heated with strong 
hydrochloric acid (Abderhalden, Zeitsch. physiol. 
Chem. 1012, 82, 167-172). Its aqueous solution 
is decomposed in presence of sunlight (Qonasaini, 
Giorn. Farm. Chim. 61, 439-444) ; l-alanine de- 
composes at 297° and has falD— 9*68° in hydro- 
chloric acid solution, r- Alanine is attaokM by 
fermenting yeast (Ehrlich, Bioohem. Zeit. 63, 
370). A cultivation of Aspergillus niger in an 
aqueous solution of r-alanine destroys about 
10 p.c. of the dextrorotaiSbry constituent, but 
PfmiUium qlaucum does not flourish in a 2 p.o. 
alanine solution. Resolution has been effected 
also by moans of d-bromooamphorsulphonio 
acid (Colombano and Sanna, Att. R. Accad. 
Lincei, 1913. [v.] 22, 11, 292>298 ; Gazz. chim. 
ital. 1914,44, 1,97-104). 

In its physiological action, d-alanine causes 
a rapid rise in the urinary nitrogen, most of the 
extra nitrogen being excreted on the same day ; 
2-alaiiino is not decomposed q iiito so rapidly, but 
none of it is excreted unchanged (Abderhalden 
and tSchittcnhelm, Zeitsch. physiol. Chem. 1907, 
61, 323 ; compare, however, Sovene and Meyer 
(Amer. J. Physiol. 1909, 25,214); when given with 
lactic acid it causes an increase in dextrose eli- 
mination almost equal in amount to the thoov 
rotical yield (Dakin and Dudley, J. Biol. Chem. 
1914, 17, 451). After administering 20 grams 
of /--alanino, 4*7 grams of the /3-naphthalenesul- 
phonio derivative of f-olanine weus recovered from 
tho urine (Schittenhelm and Katzenstein, Chem. 
Zentr. 1900, i. 1279). When d-alanine is injected 
in the blood-stream it is rapidly absorbed, as 
very little can bb detected in tho blood or urine 
after a lapse of twenty ^inutes (Abderhalden 
and others, Zeitsch. physiol. Chem. 1007, 63, 
113, 251, 326; 52, 507; 53, 148; 1913, 86, 
478 ; and J. Biol. Chom. 1915, 20, 639-664). 

The importance of alanine as a flnal hydro- 
lytic product of many proteid substances, has 
led to an extensive examination of its derivatives 
in order to facilitate its detection (Abderhalden 
and Schmidt, Zeitsch. physiol. Chem. 1913, 86, 
143-147 ; Dakin and Dudley, J. Biol. Chem. 
1913, 15, 127 ; Cholle, Ann. Chim. anal. 1914, 
19, 67) and estimation, and to determine the 
part it plays in the building up of the proteid 
molecule. A short account of the more im- 
portant of these derivatives is appended. 

The copper salt (CjH„OjN) 2 Cu,HaO forms 
bluish- violet crystals readily soluble in water. 
Tho nickel salt (C3Hs02N)2Ni,4H20 forms blue 
crystals, these become anhydrous at 108°- 1 10® 
and dissolve in 132 parts of water (Orlofi, Ohem. 
Zentr. 1897, ii. 192 ; Bruni and Formara, Atti 
R. Accad. Lincei, 1004 fv.] 13, ii. 26). Complex 
salts are formed with heavy metals, e.g. 
Cr(C8H«O.N)a0r(C,HeOtN),OH-H2O(T8ohuffaeff 
and Serbin, Compt. rend. 1910, 161, 1361 ; 
Ley and Winkler, Ber. 1912, 46, 372 ; Ley and 
Ficken, Ber. 1912, 46, 377 ; and ibid. 1917, 60, 
1123), and with chloride of tin, e^. SuCla* 
NH. CHMe COOH. (Fichter, FArber-&it. 1916, 
26, 274; Chem. Zmt. 38, 693). Compounds 



M ALANINE. 


are formed with neutral metallic salts : LiCl* 
(NHo CHMe C00H) H,0 ; CaCl»(NH, CHMe* 
COOH)3H.O (Pfeiffer and Modelski, Zeitsoh. 
physiol. Chem. 1912, 85, 1-34; Pfeiffer, Ber. 
1916, 48, 1938-1943). The ethyl otter has b.p. 
48711 mm. and sp.gr. 0*9846 at 12*6%- r- 
alaninamidet m.p. 62® (Franoliimont and Fried- 
man, Proo. R. Akad. Wetensch. Amsterdam, 
1906, 8, 476) ; d-ataninamide has m.p. 72® 
(rorr.) and [ajo +6® in 6*2 p.o. aqueous solu- 
tion ; r-cdanylchloride hydrochloride NHaCl* 
CHMe'COCl melts and decomposes at 110®; 
d-alartykhloride hydrochloride has 4-7*32o 
(Fischer, Ber. 1906, 38, 606, 2914) ; r- 
alanineanhydride {dimcthyldi1cetoj)iperazine 

has m.p. 282°, and d- 
(danineanhydride has m.p. 297® (corr.) and 
[a]^’-28*8® (Fischer, Ber. 1905, 39, 463). 
d-^-Methylalanine Cir3CH(NHCHa)COOH, 
m.p. 166®-166® has [a]^®“+6*69® ; f.N-mc%f- 
20 ^ 

alanine [al^ —6*92® ; N-benzylalanine, m.p. 
about 270® (Fischer and Lipschitz, Ber. 1915, 
48, 364 ; ibid, 1916, 49, 1367). Acetylalanine 
NHAc*CHMe'002H crystallises in rhombic 
plates a;b: c=-0*7792 ; 1 ; 1 0983 ; m.p. 137® 
(de Jong, Rec. trav. chim. 19, *269 ; Fisener and 
Otto, Ber. 36, 2106) ; chloracrtylalanine ester 
CHaCl*CO*NH CHMe*COaEt has m.p. 48*6®-40*6® 
(oorr.) (Fischer and Otto, l.c.) ; the benzene- 
aidphonic derivative S02*Ph‘NH*CHMe*C0aH has 
m.p. 126® (Hedin, Ber. 1890, 23, 3197) ; Sewzi/Z- 
sufphonalanine C«H5CH,S08NH*CH(CHa)000H 
has m.p. 164®-166® (Johnson, J. Amer. Chem. 
Soc. 1916, 38, 2135) ; the ^-naphthalenesulphomc 
derivative Ci8H|40aN8 melts and decomposes 
at 220® (Koenigs and Mylo, Ber, 1908, 41, 4427) ; 
the d’Camphorsulphonate of alanine O3H7O2N, 
CioHi80*S03H,HaO has m.p. 105°-110® 
[ajp* +14*33® (Colombano and Sanna, Atti R. 
Acoad. Lincei, 1913, [v.] 22, ii. 234-237) ; et^l 
d-alanine-d'bromocamphorsulphonate CO^Et* 
CHMe*NH2,CioHi40Br*SOgH,IHaO becomes an- 
hydrous at 106°, and melts at 192°, ro]“°+67-64° 
fGazz. chim. ital. 44, 1, 97-104) ; for hippuiyl- 
alanine NHBz CH2 CO*NH CHMe*C^OaH, m.p. 
202®, and derivatives, see Curtius and Lambotte, 
J, pr. Chem. 1904, [21 70, 109 ; pkthalylalanine 
0«H, : (CO)a : N CHMe COaH, m.p. 164®, and 
pUhaloylalanine COaH*C«H4CO*NHCHMo* 
C02H,HaO, m.p. 129® (Androasch, Monatsh. 
1904, 26, 774 ) ; palmityha-alanine CH8(CH2)i4* 
CO*NH*CHMe COaH, m.p. 110®, {a]^f -6*98® 
(Aberhalden and Funk, Zeitsoh. physiol. Chem. 
1910, 65, 61) ; diethyldialaninquinone OgHgO. 
(NH’CHMe'COaEt), forms red prisms, m.p. 140® 
(oorr.) (Fischer and Schrader, Ber. 1910, 43, 626) ; 
2 : 4‘dinitrophenyl-dl-alanine, m.p. 178® (Abder- 
halden and Blumberg, Zeitsch. physiol. Chem. 
1910, 66, 318); d-aJanine picroUmate (Abder- 
halden and Weil, Zeitsoh. physiol. Chem. 1912, 
78, 150-166) ; 2-d-alanine-l-picrdlonic acid has 
m.p. about 146® (decomposed); \-d-alanine-\- 
pkrolonie acid, m.p. 216®, decomposed at 217® 

[a]^* +11-08* (IiSTene and Slyk^ J. Viol. 
Chem. 1912, 12, 127-189) ; d-tUaninepicrdlionate, 


m.p. 214® (decompojes) + 12*4®; di-alanine- 

picrclonate, m.p. .^16® (deconmoses) ; bemyl- 
hydrogi,.t-dl-alaninedithiooa/rhoxylate COaH' 
CHMe'NHCSa’CH^Ph, m.p. 136® (Siegfried and 
Weidenhaupt, Zeitsoh. physiol. Chem. 1910, 70* 
162). For dimethyl-a-alanineoxalylglycine 

COaMeCHMeNH-COCO*NH*CH,*COaMe 
m.p. 98*5®, and other derivatives, see Meyeiingh 
(Rec. trav. chim. 1913, 32, 140-167). 

Among the polypeptides prepared by Fischer, 
Abderhalden, and others, there are many con^ 
taining the * alanyl * group one or more times, 
e,g, r-alanylalanine NHa*CHMe*CO*NH*CHMe* 
COjH, m.p. 276® (corr.), the benzoyl derivative 
m.p. 203®-204®, tie ethyl ester m.p. 114°-116®; 
duSanylalanine NH[CHMeC(5*NH]aCHMe* 
COjH, m.p. 219® (corr.) (Fischer and Kautzsch, 
Ber. 1905, 38, 2376) ; l-alanyl-d-alanine, m.p. 
269°-270° (oorr.), ; d-aJanyll- 

alanine, m.p. 276°-276° (oorr.), [a]^ +68-94° j 
(Fischer and Basko, Ber. 1906, 39, 2893, 3981), 
NHOHMeCO 

cycloalanylalanine | I m.p. 282®- 

COCHMe*NH 

282*6® (corr.) (Maillard, Ann. Chim. Ph\ s. 1916, [9] 
3, 73) ; alanyl glucosamine anhydride CoHi^OgNa 
turns brown at 246°-260®, and melts at 269°- 
272° (Weizmann and Hop wood, Proc. Roy. Soc. 
1913, A 88, 466-461) ; ethylalanyl methylene- 
malonaie COaEt CHMe*NH CH : C(COjEt)», 
m.j). 206®-207® ; alanyl-p-hydroxyphenylethyh 
amine CuHteNaOa, m.p. 116® (Guggenheim, 
Biochem. Zcitsch. 1913, 61, 369); d-alanyl-d-ami- 
nohutyrylglycine CH3CH(NH2)CO*NH CH(CO* 
NH*CHaCOOH)CHaCH8, m.p. 214® (corr.) 
[o]^^^"+ 13*86 (Abderhalden, Zeitsch. physiol 
Chem. 1912, 77, 371-478) ; d-alanylglycylkucine 
(CH3)a*CHCHaCH(NHCOCHaNH2)COOH 
m.p. 132°-133° [aJ^‘’”-13-82° (Abderhalden and 
Fodor, ibid, 1912, 81, 21) ; and the tetrapeptide 
glycyltyrosyl-glycyl-d-alanine decomposing at 226® 
(corr.) is probably a mixture of stereoisomerides 
of the tetrapeptide isolated from silk fibroin 
(Fischer, Ber. 1908, 41, 2860 ; cf. Abderhalden 
and Hirszowski, Ber. 1908, 41, 2840). For 
other polypeptides derived from alanine, see 
Fischer (Ber. 37, 2486; 4686; 38, 2376; 
2914 ; Annalen, 340, 128, 162 ; Ber. 39, 463 ; 
40, 943, 1764, 3717 ; Annalen, 363, 136), and 
Abderhalden (Ber. 41, 2840, 2857 ; 42, 3394 ; 
Zeitsch. physiol. Chem. 63, 401 ; 66, 417 ; 
77,471; 81, 21; Biochem. Zeitsch. 1913, 51, 360). 

/8-Alanine, 0-aminopropionic acid HaN*CHa' 
CHa*C02H!, prepared by treating /3-iodopropionio 
acid with ammonia (Mulder, Ber. 9, 1902 ; 
Abderhalden and Fodor, Zeitsch. physiol. Chem. 
1913, 86, 114), or with silver nitrite and reducing 
the resulting nitro- compound with tin and 
hydrocUorio acid (Lewkowitsch, J. pr. Chem. 
[2] 20, 169); by heating ethyl acrylate with 
alcoholic ammonia in sealed tubes at 110® 
(Wender, Gazz. ohim. ital. 19, 437) ; or by the 
action of potassium hypobromite on an alkaline 
solution of Buccinimide— this is the best method, 
and gives a yield of 60 p.o. of the theoretical 
(Hoogeweif and van D^, Reo. trav. ohim. 
10, 4 ; Holm, Aroh. Phorm. 242, 690). It can 
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be recognised by oonversioii;^to ethyl aoryUte 
(Abderhalden and Fodor» Zeiwh. physiol. Chem. 
1918, 86, 117). » 

A-AUnine forms prisms m.;). 196** (Hcn^ewerf 
and van Dorp, l.c.), does not m^t at 220** (Kuisda, 
Monatsh. 12, 242), m.p. 206*’>207** (L^feld and 
Stieglitz, Amer. Chem. J. 16, 604); needles, 
m.p. 200** (Abderhalden and Fodor, l.c.) ; the 
hydrochloride of the methyl ester has m.p. 
94**-96‘* and of the ethyl ester m.p. 66 ‘S**. The 
civppw salt Cu(C,H«NO,)„8H,0 has the pro- 
p^es of an ordinary copper salt, and not those 
of a ouprammonium derivative (Callegari, 
Gazz. ohim. ital. 1906, 36, ii. 63). 

jS-Alanine does not occur naturally in the 
body ; when administered with food it causes 
an increase in the urinary ditrogen, but it is 
apparently changed with more mihculty than 
a-alanine, as the increased nitrogen excretion is 
not observed until the second day (Abderhalden 
and Schittenhelm, Zeitsch. physiol. Chem. 1907, 
61, 323). M. A. W. 

ALANT CAMPHOR u. Camphor. 

ALANT ROOT. The root of Inula helenium 
is said to contain antiseptic principles, efficacious 
against tuberculosis bacilli. By distilling the 
root with water, helenin, alantic acid, and Santol 
(alant camphor) are obtained. Alantic acid 
^16^2803 crystallises from alcohol in white 
crystals, m^. 01** ; and on heating it forms the 
anhydride C15H20O2. Both acid and anhydride 
are insol. in water, sol. in alcohol or fatty oils ; 
form sol. salts with alkalis. Alantol is an 
aromatic liquid, b.p. 200° (Marpmann, Pharm. 
Zent. 8, 122 ; J. Soc. Chem. Ind. 1887, 620). 

ALBARGIN. Gelatose-silver : a colloidal 
preparation of silver. 

ALBASPIDIN V . Filix mas. 

ALBERTITE. A jet-black mineral substance 
resembling asphalt, discovered in 1849, at Hills- 
borough, Albert 00., New Brunswick. Used in 
the United States for the production of oil and 
coke. The yield per ton is said to be 100 gallons 
of crude oU, and 14,500 cubic feet of illumin- 
ating gas, whilst a residue of good coke remains 
in the retorts. Albertite has been found at 
Strathpeffer, Boss-shire ; it contains 62 p.c. vola- 
tile matter, 37 p.c. fixed carbon, and 0*60 p.c. 
water. Its ultimate composition is 79*75 p.c. 
carbon, 8*12 p.c. hydrogen, 1*63 nitrogen, and 
10*30 oxygen (Morrison, Min. Mag. 6, 101 ; 
Chem. Soc. Abstr. 50, 311). 

ALBITE V. Felspar. 

ALBUM GRiECUM. A term formerly used 
for the excrement of dogs. It was at one time 
supposed to have medicinal properties, but is 
now used only for tanning, as skins treated 
with it, after the removal of tne hair and previous 
to taniiing, preserve their softness. It consists 
mainly of phosphate of lime. Fowls* dung is 
said by tanners to answer the purpose better. 

ALBUMINOIDS and ALBUMII IS v. Proteins. 

ALCOHOL (EHiylio or Vinous) C2H.O, the 
active principle of ordinary intoxicating liquors. 
Contrary to the usual statement, alcohol was 
unknown to the Arabian chemists. The process 
of distillation was also unknown in Asia. The 
discovery of idcohol probably took place in 
Italy. It is first mennoned in an Italian work 
of tne ninth or tenth century (Lippman). 

Btbyl alcohol occurs, as esters, in many 
plants, and in various lichens ; and is formed by 


distilling certain plants and fruits with water, 
probably by hydrolysis of the esters, or by the 
action of moulds and bacteria on carbohydrates. 

PreMrotibn.— Bynthetioally from Its ele- 
ments thus : — ^By passing an electric arc between 
carbon poles in an* atmosphere of hydrogen, 
acetylene (CgH,) is produced, which, in the pre- 
sence of nascent hydrogen, becomes ethylene 
(CsH^). Ethylene by protracted shaking with 
sulphuric acid is converted into sulphovin'c 
acid, which, being distilled in presence of water, 
produces alcohol. 

Alcohol is, for practical purposes, usually 
prepared by dehydrating the products of *the 
^tillation of fermented liquids. Up to 1796 
the strongest spirit known contained not less 
than 5 p.c. of water. Lowitz appears to have 
been tiie first to prepare it m an approximately 
anhydrous condition. His prooesiS consisted in 
first inbreas^ the strength of rectified spirit by 
adding to it potassium carbonate, and after 
decanting from this, distilling very slowly in 
presence of a further quantity of dry potassium 
carbonate. Richter used, instead of potassium 
carbonate, hot calcium chloride (Crell’s Ann. 
2, 211). Drinkwater first digested with dry 
potassium carbonate for twenty-four hours; 
decanted the strong spirit thus produced, 
digested with as much fresh-burnt quicklime 
as was sufficient to absorb the whole of the 


alcohol, and afterwards distilled in a water- 
bath at a temperature of 82*2**. The pro- 
duct of this distillation, which was found to 
have a specific gravity of 0*7946 at 16*6**, was 
returned to the retort, and a fresh c^uantity 
of dry pulverised quickhma added to it, after 
which it was allowed to digest for a week 
at a temperature of 15*6°. It was then again 
slowly distilled and the specific gravity of the 
product found to be 0*7944 at 15*6**. This was 
digested at a temperature of 54*4** with hot quick- 
lime, and distilled out of contact with the air at 
a temperature of 81*1** to 82*2**, and the specific 
gravity of the product, which was taken as abso- 
lute alcohol, found to be 0*793811 at 16*6715*6°. 

Squibb followed the process of Drinkwater, 
distilling in a partial vacuum of 380 to 630 mm. 
The alcohol thus pr^arod had a specific gravity 
of 0*79350. The difference between this specific 
gravity and that found by Drinkwater repre- 
sents one tenth p.c. of alcohol. Mendeleefi’s 
observations (Fogg. 138, 103, 230) practically 
confirm those of Drinkwater and Fownes. 

Metallic calcium, free from calcium nitride. 


may be used to dehydrate alcohol. The calcium 
should be in shavings, washed with dry carbon 
tetrachloride to remove traces of petroleum, in 
the proportion of 20 grams of cleans and sieved 
shavings to every litre of alcohol. In order to 
remove ammonia from the distillate (due to 
possible traces of calcium nitride) a few centi- 
grams of alizarin ore dissolved in a litre of the 
distilled alcohol together with 0*6 gram of dry 
tartaric acid dissolved in 10 c.c. of the alcohol. 


The tartaric acid solution is slowly odd^ to 
the alcohol coloured by the alizarin until the 
reddish-blue colour changes to yellow, when the 
whole is again distilled. 

Manuficture . — ^The first process in the manu- 
footuie 01 spirit is one of brewing, and in general 
prinoiplee it does not differ from that employed 
m mwiring beer. The brewer, as well as the 
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diitilier, endeaytmrf to treat liia materiaU in 
suob a way as to extract from them the greatest 
amount of fermentable matters. The brewer of 
beer, however, does not desire to convert all the 
matter he extracts into spirit, and be brews at 
such gravities as his oustomers require. The 
distiller desires to convert as much as possible 
of the matter he has extracted from his materials 
into spirit ; he therefore produces a wort con- 
taining more maltose and less dextrinous matter 
than the brewer of beer, lie has also an ad- 
vantage over the brewer in being able to choose 
the gravities which he knows by experience \vill 
produce the best results. It has been found that 
for distillers* purposes it is advisable to keep the 
specific gravity of the wort when set for fermen- 
tation Iralow 1040. The principle of low tem- 
peratures when the diastase is acting in the 
mash tun appears to be fully recognised, 60* to 
63* being generally adopted, and it is understood 
that the higher the temperature at which the 
worts are set for fermentation, the greater is the 
amount of fusel oil in the spirit. The distiUcr 
has, therefore, to choose the lowest tomx)eTature 
at which a healthy fermentation can bo started, 
and this is found to range between 23* and 20*. 
Tie cannot bo too careful as to the purity of the 
yeast, for not only has bo to run the risk of 
acetic and other ferments being introduced into 
the wort, involving loss of alcohol, but to provide 
against the presence of aldehyde, which is 
objectionable in the spirit. It is found in 
practice that it is always more proqo to appear 
in hot weather, when the difiiculty of keepmg 
the yeast from decomposition is greatest, and 
as yeast always contains some spint in a diluto 
form it is not improbable that the aldehyde is fro- 
ouently a product of the oxidation of tnis spirit. 
Aorolein(probablyderivedfromglyGerol)ammonia, 
and sulphur in organic combination are occasion- 
ally found in small quantities in crude spirit. 

The materials used in the manufacture of 
alcohol in the United Kingdom are chieily malt, 
maize, rice, sago, tapioca, barley, rye, oats, sugar, 
and molas^. but occasionally dates and looust 
beans have been eiiijiloycd. At the present 
time fnatze constitutes fully 75 p.c. of the gram 
used. In Scotland the siiiaiicr distillers use 
malt only, and the spirit they produce under 
the name of Highland, Campbeltown, or Islay 
Whiskey, Glonlivot, Lochnagar, &c., has im- 
parted to it a flavour derived partly from the 
peat used in drying the malt. The process of 
manufacture consists in distilling the fermented 
wort — then called wash — in a common still, col- 
lecting the distillate, which is weak spirit con- 
taminated with fusd oil, and is called *low 
wines,* and redistilling. The spirit which passes 
over in the middle <3 the redistillation is that 
which is used for oonsumptioii. It contains from 
60*8 to 76*7 p.o. of alcohol by weight (20 over- 
roof to 45 overproof), but is generally diluted 
y the addition of water to 56*4 p.c. of alcohol 
by weight (11 overproof) before being sent into 
consumption or placed in bond. Irish whiskey 
differs from Scotch chiefly in the absence of peat 
flavour. The materials used in its manufacture 
are, with one or two exceptions, a mixture of 
malt and grain, the pro^rtlon of malt being, 
however, neater than in ^gUsh distilleries. It 
is general^ bonded at 25 overproof (64 p.o. of 
aloohol by weight). 


We have faiihe to dealt with the spirit manu- 
factured in * Common * or * Pot ’ stills, or in 
other words by boding the wash, condensing the 
[ stean. thus produced, reboiling the product and 
‘ reoondensing. Lut by far the greater quantity 
of the alc^ol of commerce is produced by 
the Coffey still, in which the alconolio vapdur 
produced is deprived of water as the process 
continues until a spirit is formed of much 
' greater purity than that manufactured by the 
' old method. The annexed illustration represents 
* a Coffey’s distilling apparatus, the left-hand 
column being called the analyser, the right 
hand one the rectifier. The first operation is to 
fill both columns with steam. This is accom- 
plished by introducing it under pressure from 
the boiler at c, whence it ascenos within the 
analyser, passing by the pipe M into the bottom 
of the rectifier. When a proper temperature 
has been attained, the wash is pumpM from 
the wash charger by a pipe which enters the 
top of the rectifier. This pipe is only shown 
seotionaJly in the sketch after entering the 
column, but it is continuous, and the w'osh 
passes slowly through it, becoming warmer^ 
' owing to the pipe being in contact with the 
, steam. When it has reached the bottom of thj 
' rectifier it is not far from the boiling-point. 
It will bo seen that the pipe then ascends, and 
finally delivers the wash into the top of the 
analyser. The lines across the analyser repre- 
sent plates of perforated copper, and in connec- 
tion with each is a tube whicn projects about an 
mob and a half above the plate, and dips into a 
shallow vessel placed on that next beneath. The 
wash on entering falls on the first plate, but on 
reaching a deptn of an inch and a half passes 
through the tube to the second one. In the 
mean time the stoain produces ebullition in the 
contents of the plates, and carries away with it 
the alcoholic vapour through the steam exit 
pipe, so that by the time the wash has reached 
the bottom of the column it has been deprived 
I of its alcohol. The alcoholic vapour passes by 
the pipe m into the bottom of the rectifier, which 
like the analyser contains plates and metal 
tubes, and where a process of gradual cooling 
takes place by the action of the pipe carrying 
the cold wash. Fusel oil vapour, condensing at 
a higher temperature than alcohol, is the nrst 
to assume the liquid form, and contaminated 
with spirit passes into the hot 'feints* re- 
ceiver. The vapour containing alcohol con- 
tinues to ascend, meeting with portions that 
have condensed, and are undergoing the process 
of rectification. It will be seen that the upper 
part of the apparatus is marked off in the sketch 
as finished-spirit condenser. It is so called be- 
cause all that condenses within its area, instead 
of returning towards the bottom of the apparatus 
to be rectified, passes by the finished-spirit 
pipe or feints pipe into tne receivers. At the 
top of the apparatus is a pipe marked * alcoholic 
steam exit,* which carries away most of the 
I aldehyde as well as spirit vapour which under 

r itd circumstances may not have been con- 
led before reaching that point. 

The English distillers confine themselves 
almost exclusively to this apparatus, brewing 
for the most from a mixture of grain and 
malt In addition to Coffey’s still, varmus forms 
of rectifying stills are in use to meet special 
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T«q|ii(mnciito| €,g, the prodilctioii of e purer by- product, whioh indeed it now ooiuiderably 
though not Btronger spirit th|n that obtainable more vahiable than the spirit itself. The spirit 
from the Coffey still for purpose of com- • produced does not to any large extent m into 
pounders and certain manufa|tiiring prcAesses, i consumption as htskey, the want of flarour 
and apparatus having for theft object (in con- ! being an objection in ^ard to the better 
sequence of the increasing demand for fusel oil) ! qualities. T^irge quantities are transferred to 
the recovery of the maximum amount of this | tiie rectifiers, who redistil thorn with various 
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flavouring ingrediraito, prodndng gin, British 
brandy, British mm, and the various cordials, 
A poro^ alter beinfl redistilled from potassium 
carbonate, or filtered through oharoou, is used 
in the a^ and in medicine under the names of 
rectified spirit and spirits of wine. The British 
Pharmaoopccia (1914) requires rectified spirit 
to be of a specific gravity of 0*8337 at 16‘6°/16*6°, 
e^mal to 86*68 p.c. of alcohol by weight. The 
Pharmacopoeia of the United States fixes it at j 
0*820, equal to 01 p.c., which is about the i 
strength it comes from Coffey’s apparatus. 
The four official (B.P.) diluted alcohols obtained 
by mixhig 00 p.o. alcohol {Spiritua rectificcUua) 
with distuled water contain, respectively, 70, 
00, 45, and 20 p.c. of alcohol by volume. 

Thw are prepared as follows : — 

1. Seventy per cent. Spirit. — Sp.gr. 0*8800. 
Mix 310*5 0 . 0 . of distilled water with 1 litre of 
90 p.o. alcohol. Or dilute 777*8 c.o. of 90 p.o. 
alcohol with water so as to make 1 litre at 15*5°. 

2. Sixty per cent. Spirit. — Sp.gr. 0*9134. Mix 
536*6 O.O. of distilled water with 1 litre of 00 p.o. I 
alcohol. Or dilute 666*7 c.o. of 00 p.o. alc^ol 
with water so as to make 1 litre at 15*5°. 

3. Forty-five per cent. Spirit. — Sp.gr. 0*0435. 
Mix 1063*4 0 . 0 . of distilled water with 1 litre of 
90 p.o. alcohol. Or dilute 500*0 c.o. of 00 p.o. 
alcoliol with water to the bulk of 1 litre at 15*6°. 

4. Twenty per cent. Spirit. — Sp.gr. 0*9760. 
Mix 3558*0 c.o. of distilled water wi^ 1 litre of 
90 p.c. alcohol. Or dilute 222*2 c.c. of 90 p.c. 
alconol with water to the bulk of 1 litre at 16°. 

Attempts have been made, especially in 
America, to produce alcohol from wood, by the 
Classen process, or by some modification of it. 
This process consists in converting the cellulose of 
the wood or some portion of it into dextrose and 
other sugars by treatment with dilute acid under 
pressure, and, after neutralising the acid, fer- 
menting the sugar with yeast, and separating 
the alcohol by distillation. The yield is about 
21 gallons of 95 p.o. alcohol per ton of wood, 
sawdust or pine wood waste being ust tally 
enmloyed, the output being upwards of 2000^ 
2500 gallons per diem. The method lias not 
been commercially successful in this country, 
and is carried on only to a limited extent, and 
under exceptional conditions, in the United 
States (J. Ind. Eng. Chem. 1911, 3, 439 ; 1915, 
7, 920; J. Soo. Chem. Ind. 1912, 31, 613; 

1017, 36, 632 ; 1018, 37, 131 ; Chem. Tr. J. 

1018, 63, 103 ; Zeitoch. angew. Chem. 1913, 
26, 786 ; J. pr. Chem. 1015, 91, 358 ; Chem. 
and Metall. Eng. 1918, 19, 662). 

Some oonsiderable quanUty of alcohol is, 
however, obtained from ^e waste liquors formed 
in the manufacture of wood pulp by the sulphite 
process. This liquor contains from 1 to 2 p.c. 
of sugars, which, after neutralisation, or removal 
of the sulphur dioxide, can be fermented and 
the alcohol recovered by distillation. The 
industry is established in Norway, Sweden, 
Germany, Switzerland, and on the American 
continent. The yield of alcohol is said to be 
about 1 p.o. or rather more, of the sulphite 
waste liquor. The spirit obtained contains 
methyl alcohol, and is therefore unsuitable for 
potable purposes; but it can, of course, bo 
employed as motor fuel, and for other uses 
where a denatured spirit is applicable (Johnson, 
J. Soo. Chem. Ind. 1018, 37, iSlT). 


The i^thetio production of alcohol from 
acetylene, produord from calcinm carbide, was 
largely developed in Germany during the war. 
The methods employed consist either in trans- 
forming the acetylene into ethylene and thenoo 
into alcohol by treatment with oil of vitriol and 
water by a process first discovered by Hennell in 
1828 ; or by converting the acetylene into alde- 
hyde in presence of a catalyst, such as a mercury 
salt, and then reducing the ^dehyde to alcohol 
by passing its vapour, mixed with hydrogen, over 
fin^y divided nickel, at a particular temperature. 

For descriptions of the various forms of 
potable spirit — brandy, rum, whisky, gin, Ac. — 
see the special articles on these subjects. 

Properties . — In the dehydrated condition 
ethyl alcohol is a colourless liquid, having a 
i^cific gravity of 0*701 at 20°/20° (Lowite, 
CreWB Ann. 1706, 1, 1), 0*7038 at 16*6°/16*6° 
(Fownes, Phil. Trans. 1847, 240), 0*793811 at 
16*6°/16*6° (Drinkwater, Phil. Mag. Feby. 1848), 
0*79360 at 15*6°/16*6°, 0*79367 at 16°/4° 
(Mendel^eff, Pogg. 138, 230), (Squibb, Ephe- 
meris, 1884>5, and Pharm. J. [3] 16, 147- 148), 
0*7851 at 2574 ° (Winkler, Kailan, Osborne, 
McKelvy, and Bearce, J. Washington Acad. 
Sci. 1912, 2, 95), 0*7936 at 16°/4° (Schoorl and 
Regenbogen, Proc. K. Akad. Wetensch. Amster- 
dam, 1918, 20, 831), 0*80627 at 0°/4° (Young, 
Klason, and Norlin, Merriman). It boils at 78*4° 
under a pressure of 760 mm. (Kopp, Annalen, 
92, 9), 78*3° (Young and Merriman), and solidifies 
at —130*6° (Wroblewski and Olsewski, Oompt. 
rend. 96, 1140 and 1125), —112*3° (Ladenburg 
and Krugel, Ber. 1899, 32, 1818). It is inflam- 
mable, the combustion evolving great heat but 
little light, and producing carbon dioxide and 
water. It acts as a caustic irritant in contact 
with the tissues of the body, owing probably 
to the energy with which it draws moisture 
from the surface. It possesses a speciGc 
heat of 0*6120 at temperatures between 16° 
and 40*6° (Schiiller, P. Erg. 6, 116-192). Its 
index of refraction for Hi8= 1*3667 (Bnihl), and 
its critical temperature 243*6° at 48*9 m. At 
this point 1 gram occupies 3*5 c.c. (Ramsay 
and Young, Proc. Boy. Soc. 38, 320). 

Vapoitr Pressubb of Ethyl Alcohol. 

(Merriman, Trans. Chem. Soc. 1913, 103, 632.) 


e 

Pressure 
in mm. 

0 

Pressure 
In mm. 

0 

12*0 

18 

38*7 

1 

12*0 

19 

41*2 

2 

13*0 

20 

43*8 

3 

14*0 

21 

46*5 

4 

16*9 

22 

49*4 

6 

17*0 

23 

52*4 

6 

18*2 

24 

66*6 

7 

19*4 

25 

60*0 

8 

20*7 

30 

78*6 

0 

22*1 

40 

134*0 

10 

23*6 

50 

222*2 

11 

26*1 

60 

362*7 

12 

26*7 

70 

642*6 

13 

28*4 

80 

812*7 

14 

30*3 

90 

1187*0 

15 

" 32*2 

100 

1694-0 

16 

34*3 

105 

2007*0 

17 

.36*4 




The viscosity of ethyl alcohol at various 
temperatures has been measured by Thorpe 
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Mid Bodgar (Pha. Tram. ISM, 188, II. ^33). 
with the xeeolte ahown in the annexed table : — 

Temperatures. Tempeiktures. ^ 

7-16 0-016328 diOd 0-007873 

1323 0'013673 d9-37 0-007047 

19-22 0-0120M 88-S7 0-00635d 

26-24 0-010702 61-07 0-005815 

31-89 0-009560 67-65 0005263 

37-51 0-008644 73-67 0-004764 

The electric conductivity of alcohol and of 
its aqueous solutions has been determined at 
16**, by Dorosohewsky and Roschdestvensky 
(J. Buss. Phys. Chem. Soo. 1908, 40, 887 ; J. 
Soo. Chem. Ind. 1009, 28, 863). 

Ethyl alcohol is hygroscopic and is miscible 
with water in all proportions. On adding water 
to anhydrous alcohol a considerable development 
of heat occurs owing to the contraction in the 
resultant volume, ^e maximum contraction is 
found by mixing 48 vols. of water with 62 vols. 
of anhydrous alcohol, measured at 16*66**. 

H. T. Brown (Analyst, 1916, 40, 379) has 
shown from the alcoholometric tables published 
by Thorpe that in the case of mixtures of very 
duute alcohol and water there is a slight expan- 
sion instead of contraction. 

Oommsfrcial * absolute ' alcohol usually con- 
tains about 1 p.c. to 1*6 p.o. of water. In the 
B.P. (1914) ‘absolute* alcohol is defined as 
* ethyl hydroxide CaHjOH, with not more than 
1 p.o. by weight of water; Bp.gr. from 0*794 
(equivalent to 99*96 p.o. of ethyl hydroxide by 
volume and by weight) to 0*7969 (equivalent 
to 99*4 p.c. of ethyl hydroxide by volume or 
99 p.o. by weight). Anhydrous copper sulphate 
sbaxen occasionally during two or three nours 
in a well-closed vessel with about fifty times its 
weight of absolute alcohol does not aRsumc a 
decidedly blue colour (absence of excess of water).’ 

Absolutely anhydrous alcohol should give no 
doudiness when mixed with benzene, and no pink 
colouration when shaken with a crystal of potas- 
sium permanganate, and no turbidity or evolu- 
tion of gas (acetylene) in contact with calcium 
carbide. Anhydrous alcohol added to a fragment 
of anthraquinone and sodium amalgam acquires 
a green colour ; if a trace of water be present 
the colour becomes red (Claus, Ber, 10, 927). 

Ethyl alcohol is readily detected by the 
formation of ethyl acetate on adding sodium 
acetate and a few drops of acetic acid to the 
liquid to be tested, together with an equal 
volume of strong sulphuric acid, and heating 
the mixture, when the characteristic smell of 
ethyl acetate is produced. A less characteristic 
reaction is the formation of iodoform when the 
liquid is mixed with a few drops of a solution of 
iodine and warmed and the colour of the iodine 
destroyed by a solution of sodium carbonate or 
hydroxide. If benzoyl chloride be shaken with 
tiie liquid, it forms ethyl benzoate ; on warming 
the decanted solution with a solution of caustic 
potash the ethyl benzoate is recc^nised by its 
odour. Other tests are the formation of 
aldehyde by the action of a mixture of potassium 
diohromate and sulphuric acid, recognised by 
its smell and its behaviour with Schiff *s reagent ; 
the formation of dinitrophenetole (Blanksma, 
Chem. Weebklad, 1914, 11, 26); phthalic etAer 
(Reid, J 4 Amer. Chem. Soo. 1917, 39, 1249). 


Aocordlng to Pasteur very small traces of ethyl 
alcohol, especially in fermented liquids, may be 
detected ondistimng the aqueous liquid suspected 
to contain it by observing the formation of the 
siriie, or ’ tears * produced by the condensation 
of the first few drops of the distillate. A few o.o. 
of the liquid to be tested are placed in a wide 
test tube fitted with a cork and a long glass 
tube. The liquid, which should contain a spiral 
of copper or platinum wire, or a few fragment 
of pumice, to ensure regular ebullition, is heated 
by a small flame and the formation of the * tears ’ 
in the long tube noticed. With care as little as 
0*001 p.o. of alcohol can in this way be detected. 

Alcohol forms ethoxides with sodium and 
potassium, and unstable compounds with certain 
crystalline salts, e.g. zinc chloride, the latter 
called alcoholates. Subjected to the action of 
a limited supply of oxygen, it is converted into 
aldehyde (C,H 40 ), which, by further oxidation, 
becomes acetic acid (CgHiO,). Distilled with 
chloride of lime, it forms chloroform (0HC1]|). 
With sulphuric acid at a temperature not ex- 
ceeding 146® it yields ether (O 4 H 10 O). With 
twice its bulk of sulphuric acid it gives ethylene 
(C4H4). With excess of dry olHorine gas it 
produces chloral (C,HClaO). 

Uses . — In addition to its use as a lieverage, 
spirit is employed as a solvent for many of the 
drugs required in medicine, and diluted to the 
standard of British proof — ^that is, to the speoliic 
gravity of 0*91976 at 16*6®, representing 49*28 p.o. 
by weight of Drinkwater ond Fownes alcohol— 
it forms part of a largo proportion of the tinc- 
tures of the Materia Medica. It is also used 
largely as a solvent for essential oils, in pre- 
panng perfumes and essences, 'and ether and 
other ethyl derivatives are manufactured from it. 

Methylated spirit. In 1863 a strong repre- 
sentation was made to the Government to allow 
the use of alcohol duty free in the arts and 
manufacturing processes in which it was re- 
(|uired, and after careful inquiry the Board of 
Inland Revenue in 1855 decided to sanction, 
under certain restrictions, a mixture of nine 
parts of spirits of wine and one part of methyl 
alcohol (woofl naphtha) free of duty under the 
name of mpthylated spirits. In 1861 the per- 
mission was extended to all other purposes except 
> consumption as a beverage or as a medioiDe. 
The reasons for selecting wood naphtha were that 
whilst it would bo least likely to interfere in any 
of the processes for which alcohol was required — 
especially as a solvent — it would be very difficult 
to separate from the alcohol when once mixed. 
The principal restriction on the use of methyl- 
ated spirit is that it shall only be kept by 
authorised persons and in authorised premises. 

In 1891 it was found necessary (owing to the 
possibility of methylated spirit being sufficiently 
purified to render it fit for potable purposes, and 
the nowing practice of drinking even the im- 
purified methylated spirit by the poorer classes 
in some of the larger cities) to again restrict the 
use of methylated spirit made as above described 
{i.e, * ordinary methylated spirit ’) to manu- 
facturers only, jand, even then, subject to 
revenue restrictions, and to prescribe the 
addition of a further denaturant to methylated 
spirit intended for general purposes. This 
denaturant consists of mineral naphtha (p^ro- 
ieum), and the mixture, known as * mineralised* 
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methvlftted spirit, may ba sold by Ucensed 
rettkuen to the general public for any mrjiOM 
to whioh it is applicable, as lighting, nesting, 
cleansing, or mixing with paints, ramishcs, Ac. 

It was fonnd, hov®ver, that ‘ordinary* 
methylated spirit was not universally applicable 
to manufacturing processes requiring the use of 
alcohol, and accordinriy, in 1902, the Com> 
missioners of Inland Revenue, under powers 
cpnferred upon them by the Spirits Act of 1880 
and the Finance Act of 1002, authorised the use 
of duty-free alcohol denatured with substances 
other than wood-naphtha in certain manufactur- 
ing operations and subject to special conditions. 

As the result of an inquiry by a Depart- 
mental Committee, in 1004-6, the amount of 
wood-naphtha to be used as a donaturant for 
‘ ordinary * methvlaved spirit used for industrial 
purposes was reduced from 10 to 5 p.c. of the 
mixture. This is described as * induatriaV 
methylated spirit. 

At the present time (1920), there are. there- 
fore, two descriptions of methylated spirit ofnoi- 
ally recomised in the United Kingdom, viz. : 

(а) Mineralised methylated spirit as sold by 
licensed retailers for general use (except for the 
preparation of beverages ov medicine), and con- 
taining not less than 10 p.c. by volume of approved 
wood-naphtha, and, in addition, not less than 
0*376 p.o. of approved mineral naphtha (petro- 
leum of specifio cavity not less than 0*800). 

(б) Industrial methylated spirit, intended for 
use in manufacturing processes, and sold only by 
methylators to persons authorised to receive 
this kind of spirit. This must contain not less 
than 6 p.o. of approved wood-naphtha or other 
substance or combination of substances approved 
by the Commissioners of Customs and Excise. 

The wood-naphtha must be sufliciontly im- 
pure to make the methylated spirits so nauseous 
as to render them incapable of being used as a 
beverage or of being mixed with potable spirits 
without rendering them unfit for human con- 
sumption. It musC contain not less than 72 p.c. 
by volume of methyl alcohol, and not more than 
12 grams X)or 100 c.c. of aldehydes, acetone, and 
higher ketones, estimated as acetone by Mes- 
Finger*s iodoform process, nor more than 3 grams 
of esters estimated as methyl acetate by hydro- 
lysis; not more than 30 c.c. of naphtha shall 
be required to decolourise an aqueous solution 
containing 0*5 gram of bromine, and 5 c.o. at 
least of deci-normal acid shall be required to 
neutralise 25 o.o. of the spirit when methyl 
orange is used as indicator. 

wood-naphtha whioh is now used by 
methylators is fairly uniform in character as 
regards its content of methyl alcohol, and it is 
by the recognition of this alcohol that the 
presence of methylated spirits is usually de- 
tected. Acetone is present in much more varying 
quantities, whilst unsaturated alcohols, com- 
^und ethen, and nitrogenous basic substances 
are present in too small and varying proportions 
to afford suitable means for detecting methy- 
lated spirits in mixtures. 

The most satisfactory methods for detecting 
methyl alcohol in presence of ethyl alcohol 
depend either on dififi'rencos in the physical 
perties of the alcohols themselves, or on differ- 
enoes in the chemical behaviour of their deriva- 
tives or products of oxidation, but of these, few 


are capable of Indicating with oertainty the 
preaenoe of less than 1 p.c. of methyl alcohol. 

Of the methodf which have hitherto been 
devised for this purpose, none can compare, as 
regards the oeitait.ly of the conclusions which 
may be drawn from the results, with that of 
Kiche and Bardy, which depends on the ultimate 
formation of mothylanilino violet and its de- 
position on wool (Uompt. rend. 1876, 1976). As 
a preliminary test, and one which may with 
advantage l>e incorporated in the Riche aud 
Bardy process, the following will be fonnd to be 
useful. About 10 c.c. of the strong spirit — frebd, 
if necessary, from essential oils, Ac., by the 
salt- petroleum method and fractionated from 
potassium carbonate (v. Alooholmxtry) — are 
placed with 30 grams of powdered iodine in a 
small round -bottomed fiask which can be readily 
connected with a condenser. Two ^ams of 
amorphous phosphorus are added and the result- 
ing alkyl iodides distilled and collected under 
water in a small separator. When from 10 to 
12 C.C. have been collected, the iodides are washed 
with water, decolourised with dilute potash, and 
drawn of! from the aqueous layer into a flask 
containing a little freshly heated potassi^^m 
carbonate. After remaining an hour or bo with 
occasional shaking, the potassium carbonate is 
removed by filtration, and the boiling-point of 
the iodides carefully determined. (Ordinary 
ethyl alcohol yields an iodide which has a con- 
stant boiling-point of 72®. When methyl 
alcohol is present in the spirit, the initial 
boiling-point of the iodides is lower and a 
portion distils below this tomnerature. By 
noting the temperature at which the first 
drop of distilled iodides falls into the condenser 
and receiver respectively, the presence of rela- 
tively small quantities of methyl alcohol can be 
detected. The results (see table in next ool.) 
obtained with synthetic mixtures indicate the 
delicacy of the method. 

In (loubtf ul cases, or when the initial boilihg- 
point is below 70®, the first fraction of 3 o.o. of 
distilled iodides is digest'd with an equal 
volume of aniline at a moderate temperature, 
and the Riche and Bardy method proceeded 
with. After standing one hour, hot water is 
added to the crystalline mass, and the mixture 
boiled for some minutes, 26 c.o. of stronff po^h 
solution are then added, and the liboratca aniline 
oil washed with water ; 1 o.c. of this oil is inti- 
mately mixed with 10 grams of a mixture 
consisting of 100 grams of dry quartz sand, 
3 grams of ouprio nitrate, and 2 grams of 
common salt, and the mixture introduced into 
a wide tube and heated for some hours at 
90®-100®. The product is exhausted with warm 
alcohol and the extract filtered and made up to 
a volume of 100 o.o. 

If the sample of spirit contained ethyl 
alcohol only, the colour of the liquid will be 
rod, but in the presence of 1 p.o. of methyl 
alcohol it has a (fistinct violet snade, whilst in 
the presence of 2 p.o. the violet is very decided, 
and becomes more so as the proportion of 
methyl aloo^l inoreases. 6 o.o. of the aloo- 
hdio extract are then mixed with water to a 
volume of 100 c.o., and 2 c.o. of this dye diluted 
with water to about 400 o.o. The mixture is 
now heated to a temperature not exceeding 76®, 
and from two to inree feet of Beidin wool. 
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pmiously freed from grrere by treatment 
with hot dilute potash, immersed in it for 30 
minutes. 


Pereentsge ot 
methyl alcohol by 
volume in the mix- 
ture of alcohols 

Temperature at 
which the first 
drop of iodides 
falls into the 
condenser 

Volnme of dis- 
tillate obtained 
below 72^ from 
10 c.c. of 
iodldee 

NU 

70* 

e.e. 

NU 

0*38 

69* 

0*2 

0*94 

65* 

0-8 

1*86 

63* 

2*2 

2-77 

62* 

4*0 

3*60 

60* 

60 

4*56 

58* 

6*0 

5*42 

67* 

6*2 

6*20 

60® 

6*4 

7*10 

66* 

6*6 

10*00 

52* 

7*6 

— — . 






Pure ethyl alcohol under those conditions will 
not produce a dye, and the wool after washing 
and drying remains practically white. If, how- 
rever, methyl alcohol was originally present, the 
fibre will be violet, the tint becoming more 
intense and increasing in depth according to the 
quantity present. Riche and Bardy recommend 
that fi o.c. of the above diluted dye should be 
taken instead of 2 c.o. as hero described, but 
although by this means a more intense dye is 
obtained when methyl alcohol w present, it is found 
that an appreciable dye, although not of the 
same colour, is deposited when pure ethyl alcohol 
has been operate<l with, and this may lead to 
confusion. For purposes of comparison it is 
therefore advisable to operate concurrently with 
a sample of rectified spirits. 

If it be desired to estimate the proportion 
of methyl alcohol or methylated spirits in a 
sample, the method of Thorpe and Holmes may 
be employed. This method depends on the 
complete oxidation of methyl alcohol to carbon 
dioxide hy means of ohromio acid mixture, 
rectified spirits under the same conditions 
yielding only a small quantity of carbon 
dioxide equivalent to 0*01 gram for each gram 
o^thyl alcohol present (Chem. Soo. Trans. 

As a result of many exprimenta it has been 
proved that unless the boiling-point of the 
iodides is abnormal, no dye is Stained by the 
Riche and Bardy method, nor does the yield of 
carbon dioxide on oxidation exceed the limits 
given above for rectified spirits, but in all oases 
in which a dye is obtained a proportional excess 
of carbon dioxide is also obtained. 

In other countries there are, as a rule, olasses 
of denatured alcohol corresponding more or less 
with those authorised in the United Kingdom, 
i.e. spirit for general use so completely denatured 
as to be deemed undrinkable, and spirit not 
absolutely denatured and intended for use by 
responsible manufacturers subject to a more or 
less strict revenue control. 

Wood-naphtha is the denaturant most in 
favour for spiiit intended for general use, Uie 
nauseous character of the mmylated f^irit 
being sometimes intensified by the" addition 


of such substances as pyridine bases, benzine, 
Ac. 

In France, spirit for general use contains one- 
eleventh of itj volume of officially approved 
wood-naphtha, with an addition (when um for 
lighting and heating purposes) of 0*5 p.o. of heavy 
benzine distilling oetween 160^ and 200* and 
4 p.o. of gum resin for * finish.* 

In Oermanp, the offioial formula is 2 p.o. of 
wood naphtha, 0*5 p.o. of pyridine bases, am 
(optionaliv) 0*125 p.o. of rosemary oil. Spirit 
intended for motor cars, and intemm combustion 
engines is denatured by adding 1 p.o. of wood- 
naphtha, 0*25 p.o. of pyridine bases, 0*25 p.o. of 
a solution of methyl violet dye, and from 2 to 20 
p.o. of benzol to the pure spirit. 

In the United States of Anuricat 10 p.o. of 
approved methyl aloohol and 2*5 p.o. of benzene 
is presdribed to be added to spirit denatured for 
general use. 

In Belgium^ speoifio donaturanta are pre- 
scribed for each of the principal manufacturers, 
and this practice obtains in certain other 
countries, as Germany, France, Switzerland, 
America, and the United Kingdom, when it can 
be bhown that ordinary methylated spirit is 
unsuitable. In such cases the'denaturants are 
naturally very varied in character, being specially 
adapted to the particular nocesaities of each 
manufacturer. 

(Minutes of Evidence and Report of the 
Department Committee on Industrial Alco- 
hol, 1005; Herriok, Denatured or Industrial 
Alcohol.! 

ALCOHOLOMBTRY is the term applied to 
any process for estimating the amount oi aloohol 
in a spirituous liquid. In simple mixtures of 
alcohol and water a determination of speoifio 
gravity at a standard temperature affords an 
accurate index of alcoholic content, and it is 
by taking advantage of this fact that the assay 
of spirit for revenue and commercial purposes 
is usually carried out. 

When alcohol and water are mixed together 
the volume of the mixture is invariably less 
than the sum of the initial volumes, and the 
degree of contraction varies with the proportion 
of aloohol present. In countries in which the 
revenue from spirit Is of great importance it has 
therefore been found necessary to ascertain by 
experiment the specific gravities of mixtures of 
alcohol and water in all proportions and at 
various temperatures. These experiments have 
in general been carried out at the request of the 
Qovemmonti interested, and the results are 
embodied in tables assooiated with the names ot 
those entrusted with the investigations. 

In 1794 Sir Charles Blagdeu and Mr. Qilpln 
completed an extensive series of experiments, 
undertaken at the request of the Britiu Govern- 
ment (Phil. Trans. 1790-1794), the results of 
which have since served as the basis of systems of 
alcoholometry in this and other countries. At 
that time anhydrous alcohol had not been pre- 
pared, Blagden and Gilpin’s tables having refer- 
ence to roirit of a sp. gr. 0*825 at 15*6*/ 16*0* 
(60V60*F:). Tralles, in 1811, conducted a 
like investigation for the Prussian Government 
(Gilb. Ann. 1811), and adopted 0*7946 as the 
speoifio gravity of aloohol at 15*0*/ 15*6*. He 
incidentally confirmed the general aocuraoy of 
the results of Blagden and Gilpin, and constructed 


T m 



08 ALCOHOLOMETRT. 

toblei of spirit-Btrtiiittlis which for upwards of | tire OoveitiiiMiits* The unofficial hiTest^atlonf, 
sixty years formed the basis of German alooholo- 1 of Fownes (PhU. Trans. 1847)» Drinkwatei 
mel^. Similar researches were undertaken by I (Oiem. Soc. Mem. 848), and Squibb (EphemeriSi 
Gay-Lussao(Paiii,1884hMoCu]looh(Washin^n, 1884h are likewpa entitled to consideration. 
1848),Baumnauer(Amsterdam,l860),Mendei4efl Drinkwater prepared alcohol of a speciSc 
(St. Petersburg, 1865), and more recently by pavitv 0*79381 at 15‘6*/16'6* (in air), whilst 
the Kaiesrllohe Normal Eichungs Kommission j Squibb obtained it as low as 0*7935, but thii 
(Berlin, 1889), the several results of which have ' result lacks confirmation, 
irom time to time been ineorrorated in the j The work of Mendel^ff for the RussUo 
rystemsof alooholometry adoptea by therespec' | Government admittedly constitutes the most 


Specific Percentage of alcohol 
gravity^in^alr 

by weight 


SP^'Oe PenwnUgeotUcohol 
proof. pint feyvotam. 


Pereentage 
of flacal 
proof spirit 


0*79359 
0*794 
0*796 
0*798 
0*800 
0*802 
0*804 
0*806 
0*808 
0*810 
0*812 
0*814 
0*816 
0*818 
0*820 
‘ 0*822 ’ 
0*824 
0*826 
0*828 
0*830 
0*832 
0-834 
0*836 
0*838 
0*840 
0*842 
0*844 
0*846 
0*848 
0*850 
0*852 
0*854 
0*850 
0*858 
0*860 
0*862 
0*864 
0*866 
0*868 
0*870 
0*872 
0*874 
0*876 
0*878 
0*880 
0*882 
0*884 
0*886 
0*888 
0*890 
0*892 
0*894 
0*896 


0*898 

0*900 

0*902 

0*904 

0*906 

0*908 

0*910 

0*912 

0*914 

0*916 

0*918 

0*91976 

0*920 

0*922 

0*924 

0*926 

0*928 

0*930 

0*932 

0*934 

0*936 

0*938 

0*940 

0*942 

0*944 

0*946 

0*948 

0*950 

0*952 

0*954 

0*956 

0*958 

0*960 

0*962 

0*964 

0*966 

0*968 

0*970 

0*972 

0*974 

0*976 

0*978 

0*980 

0*982 

0*984 

0*986 

0*988 

0*990 

0*992 

0*994 

0*996 

0*998 

1*00000 
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oompfeiientiTd sod id the xeaearchee 

hitlMCto mede in the ield of aleoholome^. 
Mendd^ff obtained alooho^ of a a^itio 
079425 at 15V16*» wh ih at 15*6Vl5-6<» 
w equivalent to 079^ in a vaonum, or to 
079369 in air» and he assigned to Drinkwater's 
al^hol an aloohdio content of 90*95 p.o., and to 
the strong spirit of Bla^^en and Gnlpin 80*06 
n.a by weight. The results of Tralles* and Oay- 
Lussao’s experiments, being based on alcohol 
less ddiydrated than that <» Drinkwater, com- 
pare less favourably with those of Mendel4eff. 

Mendddei! was so well satisfied with the 
work of Blagden and Oilpin, and Drinkwater, 
that, for spirituous mixtures of low strength, he 
included many of their results in his tables of 
spirit-densities, and after a critical investigation 
and subsequent verification by the Kaiserliohe 
Normal Eichunn Kommission, his results have 
been substantudly adopted as the basis of the 
present system of German alcoholoroetry in place 
of the relatively less accurate data of Tralles. 

'^e results of the work of these four autho- 
rities have been incorporated in the accompany- 
ing table of spirit-densities, which may serve 
for the pyknometrioal determination of the true 
strength of spirits. In the assessment of duty 
and in commercial transactions, the standard of 
strength is termed * proof.* Spirit of proof 
strength is defined as ^that which at the tem< i 
perature of 51*F. (10*6*C.) weighs exactly |}ths 
of an equal measure of distilled water * also at 
10*6*. According to the best available data 
this mixture of idcohol and water has a specific 
gravity of 0*01976 at contains 

49'28 p.o. by weight and 57*10 p.c. by volume 
of anhydrous alcohol. Spirits wmeh contain a 
greater proportion of alcohol than is contained in 
proof spirit are said to be of overproof strength 
(o.p.), and those which contain a smaller propor- 
tion are said to be of underproof strength (u.p.). 
Variations of temperature are deem^ not to 
affect the fiscal strength of spirits. Spirits 
which are of proof strength at 10*6^ are conse- 
quently deemed to be of proof strength at other 
temperatures, and the same applies to spirits of , 
any other strength, provided that no change in j 
composition has occurred. In computing thei 
strength of a spirit mixture reference is made 
to the volume of proof spirit it contains, if under- 
proof, or will produce if overproof, at the 
dominant temperature, which for revenue pur- 
poses in this country is fixed at 10* (60*F.). 
Mendel^ff's alcohol is thus found to be 75*35 
overproof, or 100 volumes at 10*, when diluted 
with water to proof strength, yield 175*36 
volumes at that temperature. 

in the annexed table specific gravities of 
aqueous alcoholic mixtures are correlated with 
peroentages of alcohol by weight and by volume, 
and fiscal proof spirit. The specifio gravities 
are leducea to air values and represent the 
ratio of the weight of a given volume of spirit 
to the weight ot the same volume of water at 
15*6* under the same atmospheric conditions ; 
they may be converted to specifio gravities in 
vacuum by means of the expression— 

8 - 1 - 0*0012 

“ 1*0012 " 

Although it is probable that the deWty of a 
spirituous liquid can be determined more accu- 


rately by the use of a pyknomster than by othei 
means, in nraotioal operations where regard 
must had to convenience, it is preferabfe to 
emj^oy one of the many hydrometers or alcoholo- 
meters, the stems of which are variously graduated 
to show densities, percentages of alcohol by 
weight or by volume, or again arbitrary indica- 
tions which can bo interpreted by suitable 
tables. 

Since the year 1810, Sikes* hydrometer has 
been the legal instrument for ascertaining the 
strength of spirits for revenue purposes in Great 
Britain and Ireland, as well os in most of the 
British Colonics. It is made of brass, gilded, 
and consists of a hollow sphere provided at one 
pole with a graduated rectangidar stem uniform 
in section, and ^ at the othih with a conical 
spindle terminating in an oval counterpoise to 
give stability to the instrument when floating 
m a liquid, and also to serve as an attachment 
for various poises. The gratiuatcHl portion of 
the stem contains ton principal divisions, which 
are equal in length, and marked * 0 * at the 
upper, and * 10* at the lower end, and between 
these points the stem is again subdivided to 
2 tenths of a division. When the instrument is 
floating at the * 0 mark in spirit at a tempera- 
ture of 15*6*, it indicates a strength of 66*7 
overproof, or 02*50 p.o. of alcohol, whilst the 
‘ 10 * mark corrospoiids to a strength of 58 
overproof, or 80*11 p.c. of alcohol (by weight). 
For strengths weaker than these a series of nine 
poises or weights are used, numbered consecu- 
tively from 10 to 90. The i)oi868 are made of 
hammered brass, gilded, and can be attached by 
means of a slot in the poise to tiie spindio of 
the hydrometer. The series of principal divi- 
sions can thus bo repeated ten tiroes, reading 
from * 0 * to * 100,’ which latter indication repre- 
sents distilled water. Bikes* hydrometer inmoa- 
tions refer to readings on the stem at the surface 
of the liquid in whidi it is floating, the capillary 
meniscus being disregarded, and are interpreted 
into proof-strengths by means of tables which 
are arranged so as to identify a sample of 
spirits at any temperature between — 1 *1* (30*F. ) 
and +37*8* (100"F.). 

The hydrometer which is used for strong 
spirits beyond the range of the ordinary Sike^ 
instrument is known an the * A ’ or * Light hydro- 
meter,* and tables proper to this instrument are 
also issued. It is m^e of brass, gilded, and 
graduated on the stem similarly to Sikes* hydro- 
meter. When floating at the *0’ mark in 
spirit at a temperature of 15*6*, it indicates a 
strength of 73*5 overproof, or 98*24 p.o. of 
alcohol, whilst the * 10 ’ mark correspond to 
66*7 overproof, or 92*50 p.o. of alcohol by wei^.t, 
the strength proper to the ' 0 ' mark on Sixes* 
hydrometer. 

In the United States of America Tsalles” 
tables are legalised, and, as in England, revenue 
is raised witk reference to a mixture of alcohol 
and water termed * pro^.’ American proof 
spirit is defined as containing one-half Si its 
volume of Trallee* alcohol at 15*6*. For Excise 
purposes a series of alcoholometers are employed, 
each having a limited range, and inoicatmg 
percentages of proof spirit— ^0* representing 
water, ' 100 * proof spirit and * 200 * alcohol— 
and iMdings at temperatures other than 15*6* 
are corrected by means of tables to what they 
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FercenUgeof || IndloaUont of hydrometer of 


Indication of 
SikM* hydio- 
oMtor at 16*6^ 

British proof 
suirft 

— — 

A’^crican 
proof 
spirit at 
16*«« 

Alorhol 

by 

Alcohol by volume 

n 


Spain 

fOartler) 

Switsor- 

weight 

(Ger- 

many) 

at 150° 
(France) 

at 15*5° 
(Tralles) 


Holland 

land 

(Beck) 

A.10r:63 

Overproof 

8-7 

124*2 

64*2 

61*0 

62*1 


10*1 


17 

64 

7-3 

1220 

63*4 

61*1 

61*3 

45*6 

— - 

23*1 

— 

66 

6*8 

120*9 

62*6 

60*2 

60*4 

— 

— 

— 

— 

66 

4-4 

119*2 

61*7 

69*4 

590 

43 6 

9*4 

— 

16*0 

67 

2*0 

117*6 

600 

68*5 

58*7 

— 

— 

22*2 

— 

68 

1*4 

116*7 

600 

67*7 

570 

41*6 

0 

— 

16*1 

60 

Underproof 

0*2 

1140 

49*2 

66*8 

67 0 

_ 


— — 


60 

1*7 

112*2 

48*3 

65 9 

56*1 

39*6 

— « 

21*3 

— 

61 

3-3 

1106 

47*5 

65*0 

66*2 

— 

8*3 

— 

14 

62 

4 ‘8 

108*7 

46 6 

64 1 

543 

370 

— 

— 

— 

63 

6-4 

106*9 

46 8 

63*2 

63*4 ! 

— 

7*0 

— 

13*3 

64 

81 

1050 

44*9 

62*3 

62*5 1 

360 

— 

20*1 

— 

66 

9*7 

103*1 

440 

61*3 

61*6 

— 

— 

— 

— 

66 

11*4 

101*2 

43*1 

60*4 

600 

330 

7*2 

— 

12*2 

67 

13*1 

00*3 

421 

49*4 

49*6 

— 

— 

— 

— 

68 

140 

97*2 

41*1 

48*4 

48*6 

310 

6*8 

19 

— 

60 

16*7 

951 

40*2 

47*3 

47*5 

— 

— 

— 

11 

70 

18 6 

93*0 

39 2 

46*3 

46*6 

29*7 

— 

— 

— 

71 

20-6 

00*8 

38*2 

45*2 

45*4 

— 

6*1 

18*1 

— 

72 

22*4 

88 6 

37*2 

44*1 

44*3 

27*7 

— 

— 

0*0 

73 

24*4 

86*4 

36*2 

430 

43-2 

— 

5*7 


— 

74 

26*4 

84*2 

36*2 

41*9 

42*1 

25*7 


— 


76 

28*6 

81*8 

34*1 

40*7 

40*9 

— 

— 

16*0 

8*8 

76 

30*7 

79*4 

330 

30*5 

39*7 

23*7 

6*1 

— 

— 

77 

32-9 

76*9 

31*9 

38*3 

38*6 

— 

— 

— 

8*1 * 

78 

36*3 

74*3 

30 7 

36*9 

37*1 

21*8 

— 

16*1 


70 

37*7 

71*4 

20*6 

36*6 

35*7 

— 

4*4 

. — 

— 

80 

40-3 

68*6 

28*2 

340 

31*2 

10*8 

— 

— 

7 

81 

42*9 

65*4 

26*9 

32*5 

32*7 

— 

40 

— 

— 

82 

46*7 

62*3 

260 

31*0 

31*2 

17*9 

— 

16 

— 

83 

48-6 

68*9 

24*2 

29*3 

29*5 

— 

30 

— 

6 

84 

61-7 

66*4 

22*7 

27*6 

27*7 

159 

— 

— 

— 

86 

64-8 

61*7 

21*1 

266 

25*8 

— 

— 

14*1 

— 

86 

68-2 

47*9 

19*6 

23*7 

23*9 

13*9 

30 

— 

4*9 

87 

61*6 

44*1 

180 

21*8 

220 

— 

— 

— 

— 

88 

660 

40*2 

16*4 

19*9 

20*1 

11*9 

— 

13*3 

— 

89 

68-4 

36*2 

14*7 

180 

ia*i 

— 

2*3 

— 

3*8 

00 

710 

32*2 

131 

160 

16*1 

9*9 i 

-- 

— 

— 

01 

76 2 

28*4 

1 11*6 

14*1 

14*2 

— 1 

1*9 

12*4 

31 

02 

78-4 

24*7 

lOO 

12*3 

12*4 

7*9 

— 

— 

— 

03 

81*4 

21*3 

80 

lOO 

10*7 

— 

1*5 

— 

— 

04 

84*4 

17*9 

7*2 

80 

90 

1 6 

— 

no 

2*1 

06 

87*3 

140 

6*8 

7*2 

7*3 ' 

— 

— 

— 

— 

06 

90*0 

11*4 

4*6 

5*6 

67 1 

4 

0*9 

— 

— 

97 

020 

8*4 

3*4 

4*1 

4*2 , 

— 

— 

10*8 

1 

08 

96*1 

60 

2*2 

2*7 

2*8 1 

2 

— 

— 

— 

00 

97 6 

2*8 

M 

1*4 

1*4 I 

— 1 

— 

— 

— i 

100 

lOOO 

OO 

0*0 

OO 

0*0 j 

0 

0 

10*1 

0*1 


would be in the same spirit at that temperature. 
In comparing American with Britibh pro(jf it w 
necessary to remember that the American gallon 
is smaller than the British Imperial gallon^ 
100 British being equivalent to 120 American 
gallons. Consequently, 100 British proof gallons 
are equal to 137 American proof gallons. 

Similarly, in Holland a proof standard Is 
recognised. Dutch proof contains 00 p.c. by 
volume of anhydrous alcohol at 16^ As in 
the United States, a series of alcoholometers 
are emfdo^, diff^ng only in regsrd to the 
range of their strength indications. The alco- 


holometer scale is di*'ided into 2S principal 
divisions or degrees, which ate equal in length, 
and again suMivided, each principal division 
representing of the volume of the instru- 
ment below tho zero mark. Spirit tables based 
on the results of Baumhauer's investigations 
accompany tho instruments and translate 
degrees on the scale into percentages of alcohol 
at 16* on which the revenue charge is based. 

In Italy Tralles* alcoholometer is used 
officially, lliis instrument is made of gless. 
and at the standard temperature of 16*6* 
directly indicates tho volume of alcohol con- 
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toined in 100 viAnmm of spirit when measured 
at the same temperature. Indioatioiia at other 
temperatures are corrected by means of tables 
to true percen^es by volume at 15*6*. 

In Austria-Hwsary an alcoholometer closely 
resembling IValles^ and indicating percenta^ 
of alcohol by toJuric at 15* is us^ Its m- 
dioations are uniformly higher than those of 
Tralles’ to the extent of from one or two tenths 
per cent. Readings on this instrument are taken 
at the highest point of the capillary meniseus, 
which extends 1-2 mm. on the stem above the 
normal surface of the liquid. 

Tralles* alcoholometer and tables are used 
commerciallv in Russia, but for Revenue purposes 
a metal hydrometer with nine poises similar in 
character to Siket* hydrometer is official. On 
this instrument, however, Sikes* indications are 
reversed, so that * 100 ’ is made to represent 
strong spirit, and * 0 * distilled wa^r. The hydro- 
meter scale is arbitrary, and indications are inter- 
preted into porcentagos by volume of Tralles* 
alcohol at the standard temperature of 15*6*. 

Previous to the year 1887, Tralles* instrument 
was also used in Germany. It has now been 
replaced by a system of weight alcoholometry, 
based on Menool^eff’s data, whereby the pro- 
portion by weight of alcohol is determined. The 
official alooholomotors arc made of glass, and 
grt^uated to show percentages of alcohol by 
weight at 16* — apparent percentages at other 
temperatures being converted into true percent- 
ages by means of tables. Duty is, however, 
cnarged on the volume of anhydrous alcohol pre- 
sent in a spirit when rneasurod at 16*6*. This 
system is therefore analogous to the British, with 
the^ exception that the dominant tora[)crature at 
which British proof-strengths are coni])tited is 10*. 

In IVanoe Gay - Lussao’s original volume 
alcoholometer and tables have been corrected 
to the new values for densities of mixtures of 
alcohol and water determined by the * Bureau 
national dos poids et mesuros * (1884). The 
density of anhydrous alcohol at 16*/] 6* is given 
as 0*70433 in vacuum, as against 0*7947 assumed 
by Gay-Lussac, and the difference between 
the graduations of the old and now official 
instruments reaches a maximum of 0*4 p.c. for 
spirits containing from 20 to 21 p.o. of alcohol 
by volume. Thus 20* at a temperature of 
16* on the new legal centesimal alcoholometer 
indicates spirit containing 20 p.c. by volume 
of alcohol, and corresponds to 20*4* on Gay- 
Lussac's original instrument. The French spirit 
tables indicate, at temperatures extending from 
0* to 30*, the percentage by volume of alcohol 
which a liquid contains at 16*. 

Previous to the adoption of Gay-Lussac’s 
alcoholometer and tables by the French Govern- 
ment, Cartier’s areometer was used as the 
Revenue instrument. Its stem is graduated from 
10 to 45 in divisions of emial length, and in- 
dicates the concentration of a spirituous liquid 
by arbitrary degrees, which serve as spirit- 
strengths for charging duty. Cartier’s areometer 
is still used in Spain and ^uth America. 

In SwiUerland, Beck’s hydrometer is used 
for spirit assaying, and, like Crier’s instrument, 
of which it is a modification, floats at the lowest 
indication in distilled water at 12*5* (10*R.). 

By means of the above tahle the indica- 
tions of any one of these instruments at 16*6* 


I eaa be fonTirted mto degrees of any other, and 
Britidi fiscal strengths compared with thoee of 
othei^ countries. 

An indispens ble step to a correct essay of 
spirit is the lemovid of any foreim matter which 
may be in solution in the alcoholio mixture. In 
the esse of potable spirits, wines, liqneun, Ac., 
the spirit is freed from saccharine and other 
dissolved matter by distillation. The distilla- 
tion of a strong spirituous liquid into its own 
volume so as to obtain an accurate detennina- 
tion of the amount of alcohol present is im- 
practicable with the apparatus and the methods 
of distillation commonly used, so that although 
it is possible to distil without loss spirits of 
underproof strength into the same volume, it u 
necessary to dilute overproof spirits and distil 
into two, three, or four times the original 
volume. The amount by which the true alco- 
holic strength of brandy or rum differs from the 
apparent strength, as indicated by the hydro- 
meter or a density determination, is termea the 
‘ obscuration.* 

In the case of medicinal preparations, flavour- 
ing essences, Ac., which yield distillates con- 
taining essential oils and volatile substances, 
special treatment is necessary befora a py^o- 
metrioal determination of spirit is possible. 
In these circumstances the sample or dis- 
tillate is mixed with water in a separator so 
that the mixture shall contain not more than 
20-25 p.c. by volume of alcohol, and common 
salt is added in quantity sufficient to saturate 
the liquid. The mixture is then shaken vigor- 
ously with 60-100 o.c. of light petroleum, and 
after remaining a short time, the aqueous layer 
is extracted, if necessary, a second time with 
petroleum (for instance when chloroform or 
ether is present), and finally drawn off into a 
flask and distilled. In the case of soap lini- 
ments and similar preparations, dilute sulphuric 
acid is used instead of salt, and the aliphatic 
acids and volatile matters removed by petroleum 
before distilling (Chera. Soo. Trans. 1W3, 314). 
Preparations containing iodine are decolourised 
with sodium thiosulphate, and excess of caustic 
soda added to prevent decomposition of the tetra- 
thionate during distillation. Similarly, volatile 
acids must be neutralised, and ammoniacal liquids 
distilled from dilute sulphuric acid solution. 

For the estimation of ethyl alcohol in fusel 
oil, or liquids containing fusel oil, the salt- 
petroleum process may be employed, but as 
the higher alcohols cannot be wholly elimi- 
nated by this method, the specific refraction 
! of the distillate is determine by the Zeiss 
; Immersion Rofractometer. The refractions of 
! mixtures of ethyl alcohol and water have been 
; determined at various temperatures by Wagner 
and Sohultxe (Zeitsoh. anal. Chem. 1907, 608) 
and others, and a near approximation to the true 
alcoholio content of a fusel oil mixture, treated 
as above described, can be obtained by applying 
to the apparent percentage by volume of ajcohol, 
as indicated by the density of the distillate, a 
subtractive correction of 0*6 p.o. for each de|m 
of difference between the refmtometer readhig 
as found at 16*6*, and that required for a 
mixture of ethyl alcohol and water correspond- 
ing to the ascertained density. This method of 
eliminating foreign mattecs in spirit aasayh^ 
from a knowledge of their influeiioe on thespecino 
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Mnctioiui of aqueoiia oloobolio mixtor^ is 
capable of wide application* ftPd has been utilisedL 
for instance, by Leach and Ly (Amer.Chem. 

J. 1905* 964) for determining i we proportion of 
methylated spirits in a sj^tuous liquid (e. 
RsnUOTOMBTIB). J. H. 

ALOORNIN or ALCORNOL. An alcohol, 
C|tH, 40 , of the nature of phytosterol, found in 
Aloomoco bark (Hartwich and Diinnenber^er* 
Arch. Pharm. 1900, 341). 

ALCOVINOMETER. An instniment for de- 
termining the alcoholic content of a wine by 
observing its ascent in a capillary tube. 

ALDEHYDE* Afdaldehyde or 

CH,'CHO. A product of the oxidation of 
ordinary (ethylic) alcohol. Aldehyde occurs, 
together with its polymerides metaldehyde and 
paraldehyde* in tne * first runnings * from the 
stills in the rectification of alcohol which has 
been &ltered through charcoal (Kramer and 
Pinner* Ber. 2, 403 ; 4, 787 ; Johnson, J. Soc. 
Chera. Ind. 8, 57 ; Hewitt, ibid. 21, 07) ; the best 
yield is obtained from the alcohol manufactured 
from potatoes and from the sugar beet. It 
is also present in crude wood spirit (Kramer 
and Grodzki, Ber. 0, 1921) ; in crude petroleum 
(Robinson, J. Soc. (Jhem. Ind. 18, 232) ; in wine 
during the process of ageing (Trillat, Compt. 
rend. 130* 171 ; tdem. Ann. Inst. Pasteur, 22, 
704, 753, 876 ; idem. Bull. Soc. chim. 6, 546, 
550; 7, 71); and in certain circumstances in 
the fermentation products of alcohol (Tnllat, 
Compt. rend. 146, 045 ; Trillat and Souton, 146, 
006 : Kayscr and Domolon, 146, 783 ; Trillat 
and Souton, Bull. Soc. chim. 7, 244 ; Ann. Inst. 
Pasteur, 24* 302 ; Kostychev, Zeitsch.' physiol. 
Ohem. 70* 130 ; 83, 03 ; 80* 367 ; 02, 402 ; 
Biochera. Zeitsch. 64, 237 ; Kostychev and 
Hiibbenet, Zeitsch. physiol. Chem. 70, 359 ; 
85, 408 ; Neubey ana Kerb, Biochem. Zeitsch. 
43, 404 ; 64. 251 ; Ber. 47, 2730 ; Grey, Bio- 
chem. J. 7, 350 ; Buchner, Langheld, and Skraup, 
Ber. 47* 2550 ; Muller-Thurgan and Osterwald, 
Am. Chem. Abstr. 1016, 2274, 2474). According 
to Battclli and Stern (Compt. rend. soc. biol. 68, 
5) it is produced in animal tissues by oxidation 
of alcohol through the action of alcoholase. 
It occurs in poplar blossoms (Kostychev* 
Hiibbenet, and Sheloumov* Zeitsch. physiol. 
Chem. 83, 105), and by oxidation of certain 
substances, such as ihamnose (Roscnthaler, 
Arch. Pharm. 251* 587). Kerbosch (Rec. trav. 
chim. 34, 235) showed the presence of traces of 
acetaldehyde in the latex of Ileuea braztlien^ifi. 
It is possibly also a degradation product of 
glucose in the animal body, and may oe reduced 
to alcohol by the liver (r/. Embden and Baldes* 
Biochem. Zeitsch. 45, 157). 

Aldehyde is also formed when calcium formate 
is heated with calcium acetate (Limpricht* 
Annalen* 97, 369)* and when lactic acid and the 
lactates are distilled with manganese dioxide 
and sulphuric acid (Stadeler* Annalen* 70, 333) ; 
or by the action of dilute sulphuric acid alone 
on lactic acid 

CH,CH(OH)COOH = CH,CHO+HCOOH 

(Erlenmeyer* 2Seit8ch. f. Chemie* 1868* 343), a 
process used commercially at one time for the 
production of aldehyde for the preparation of 
Aldehyde Green. It is also one of the products i 


of the dry distillation of sugar (Vblokel* Annalen* 
87* 303). 

PreftaraUon , — Aldelwde is formed by the 
oxidation of alcohol by means of platinum 
black (Dobereiner, Gm. 8, 274)* of manganese 
dioxide and sulphuric acid (Liebig. Annalen* 14, 
133), of potassium diohromaie and sulphurio acid 
(Stadeler, J. 1850* 329), of metallic catalysers 
(Bouvcault, Bull. Soo. chim. 1008* 3, 117; 
Sabatier and Senderons, Compt. rend, 130, 738/, 
or when alcohol is passMl through an iron tube 
heated to 7l0®-750* (Ipatieff, Ber. 34* 506). 

According to Lang (J. Soo. Chem. Ind. 22* 
571), the most useful oxidising agents for 
converting alcohol to aldehyde are the manganic 
salts. When prepared by Liebig^s method, 

2 parts of 80 p.o. alooh^ are heated with 

3 parts of manganese dioxide, 3 parts of 
sulphurio acid, and 2 parts of water, and 
the distillation carried on until the distillate 
begins to show an acid reaction; this point 
is reached when about three parts have col- 
lected in the well-cooled receiver. The dis- 
tillate containing alcohol, acetal and ethereal 
salts is then distilled with an equal weight of 
calcium chloride, and 1 ( parts colleoted ; this is 
again rectified with an equal weight of calcium 
chloride and f part distilled over. The product 
so obtained is nearly anhydrous, but still contains 
alcohol and small quantities of ethereal salts; 
to free it from these, it is dissolved in 2 vols. of 
etlior, saturated with ammonia in the cold, and 
the aldehyde-ammonia which separates is col- 
lected, dissolved in water, distilled with dilute 
sulphurio acid in a water-bath, and the distillate 
rendered anhydrous by rectification over calcium 
chloride at as low a temperature as possible. 

Improved methods and apparatus for oxi< 
dising alcohol into aldehyde are desoribed by 
Bouit, Eng. Pat. 3008, 1806; J. Soo. Chem, 
Ind. 16,668; Fournier, Eng. Pat. 7887* 1807 i 
J. Soc. Chem. Ind. 16, 606. 

Ethylene o.xido ((3 h,), 0 (the anhydride ol 
glycol) yields acetaldehyde on heating (Nefj 
Annalen, 335, 201), particularly in presence ol 
aluminium oxide at 200*^ 0. (Ipatieff and Leonto< 
witsch, Ber. 36, 2017). 

It is also produced by treating ethylene 
glycol with Fenton’s rcaf^ent, or by treating 
ethylene diamine with nitrous acid (Neuberg 
ancl Rewald, Biochem. Zeitsch. 67, 127). and 
from pyruvic acid by heating to 150® 0. with 
dilute sulphuric acid (Beilstein and Wiegand, 
Ber. 17, 841) 

CH. CO COOH =» CH, OHO+CO, 

A process claimed by the Fabrique de Pro- 
duits de Chimie Org. de Loire (Eng. Fat. 5533, 
1013) consists in heating ethyl Mlide with 
hexamethylenetetramine or formaldehyde and 
ammonia. 

Various aliphatic acids, such as succinic* 
glyceric, maleic, fumaric, tartaric* crotonic, Ac., 
yield acetaldehyde on treatment with Fenton’s 
reagent in sunhght (Neuberg* Biochem. Zeitsoh. 
67* 50). Behrens (D. R. P. 276764) describes 
the production of acetaldehyde by mixing the 
gases obtained by distilling coal* wood, turL Ac,* 
with 6-6 p.c. of carbon dioxide and heating the 
mixture for some time. Snelling (U. S. Pat. 
1 124347) claims the production of aldehyde by 
passing the vapour of ethyl alcoh(d into a porous 
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earthenware tube, which may be lined with 
platinum or palla^um, heated to about 800^, and 
drawing off the hydrogen produced in the reaction 
which diffuses through the walls of the tube ; 
the emoval of the hydrogen allows the reaction 
to raoceed more nearly to completion. 

The most convenient laboratory method is 
<hat of Sabatier and Senderena (l.c.), by passing 
ilcohol vapour over metallic copper heated to 
ibout 300*^0. (cf. also Eng. Pat. 17259. 1911). 
Aldehyde is also formed to some extent by 
mating charcoal, saturated with acetylene, to 
150® ( 3 . with water (Degrljz, Ann. Chim. Phys. 
.7] 3. 210). 

Commercially, aldehyde can be obtained 
from the ‘ first runnings ’ of the alcohol stills. 
A special form ofr stiH in which the separation 
of aldehyde from alcohol is brought about during 
the rectification of the latter is figured and 
described by Qalland (Dingl. poly. J. 259, 226). 

ProdwctioKi from Acetylene . — ^Within the last 
few years the commercial production of acet- 
aldehyde from acetylene has become increasingly 
important, thereby offering new routes for the 
production of ethyl alcohol, acetic acid, acetone, 
and so on. 

This process depends on the discovery of 
Kutscherow (Ber. 14. 1640; 17, 13), that in 
the presence of mercury salts, such as mercuric 
chloride, acting as catalysts, acetylene reacts 
with water to give acetaldehyde : 

CH: CH+H,0 = CH3CHO 

This result appears to be due to the inter- 
mediate formation of a compound 


(ClHglaiCCHO 

(triohlormercuriacetaldehyde), which is split up 
by water to form mercuric chloride and acetalde- 
hyde (Kutscherow. l.c. ; 42. 2759 ; Keiscr, 
Amer. Chem. J. 15, 637 ; Biginelli, Chem. Zentr. 
1898. i. 026; Hofmann, Ber. 31. 2212, 2783; 
32, 874 ; 37, 4459 ; 38. 063 ; Hofmann and 
Kirmreuther, Ber. 41, 314 ; 42, 4232 ; Biltz and 
Mumm, Ber. 37. 4417 ; 38. 133 ; Annalen, 

404, 219 ; Brame, Trans. Chem. Soc. 87. 427 ; 
Erdmann and Kothner, Zeitsch. anorg. Chem. 
18, 48; B4hal, Ann. Chim. Phys. [6] 15, 267). 

According to Hofmann (l.c.) the compound 
formed has tne structure : 


Cl— Hg/^\ci 


and is formed by the addition of two molecules 
of mercuric chloride to one of mercuric carbide 
HgC,. which is then split up by water : 

(QHg), : 0~C : C1,+2HC1+H,0 

«3HgCl|+CH,CHO 




Soo. Anon, nouvelle TOyonnith, Fr. Fat. 
436). (For further details see Acittlbne ) 
The first English patent dealing with the 
matter is by the Chem. Fab. Griesheim Elektron 
(Eng. Pat. 29073, 1910), according to which alde- 
hyde and its polymerisation products, such as 
paraldehyde and orotonio aldehyde, are produced 
p y the reaction of acetylene with a solution of a 
merenry salt in an organic dr inorganic acid at 
a temperature below 70® 0. Such suitable acids 


are sulphuric, phosphoric, acetic, ohloraoetic. Ac., 
the use of 46 p.c. sulphuric acid mixed with 
mercuric oxide u, dso recommended at tempera- 
tures below 70®. The Consortium f. Elektroohe- 
misohe Industrie (£1^. Pat. 6000. 1913) describe 
a modification consisting in passing acetylene 
through sulphuric acid solutions of mercury 
oxides containing not more than 60 parts SO 4 
in 1000 parts of water, and working at tempera- 
tures over 70® C. The aldehyde formed (ustils 
off. and merouiy is deposited at the bottom of 
the liquid ; the patent also describes an electro- 
lytic process for reoxidising the mercury which 
is gradually deposited by reduction during the 
process. The same firm later (Eng. Pat. 16848. 
1913) claim a process in which an excess of 
acetylene is pass^ through the catalytic solution, 
the aldehyde formed is carried away in the gas 
stream, from which it is then rqpioved, and the 
acetylene passed back to the catalyst. 

Bayer & Co. (Eng. Pat. 6627, 1914), (void) 
claim a process similar to the foregoing, but in 
which the sulphuric acid is replaced by an omanic 
sulphonic acid, such as the sulphonic acids of 
benzene, o-chlo^hcnol, naphthalene, or the 
corresponding di- or tii- sulphonic acids. &.C. 
The chief purpose of using such acids is to avoid 
the condensation and polymerisation of the 
acetaldehyde caused by prolonged action of 
stronger acids such as sulphuric. 

Chem. Fab. Griesheim Elektron (Eng. Pat. 
16669, 1914) describe the use of a 20-35 p.c. 
acid mixed with a mercu^ salt, the temperature 
being kept below the boiling-point of the acid ; 
sulphuric, phosphoric, or organic sulphonic 
acius are specified as suitable. 

G. Boiteau (Eng. Pat. 15910. 1014), in dealing 
with the production of a catalytic liquid, pro- 
duced by mssolving a mercuric salt in a suitable 
solvent and then forming the sulphate in aiiu 
by the addition of sulphuric acid, is chiefly 
concerned with the production of ethylidene 
diacetate. 

A further improvement claimed by the Con- 
8ortium(Eng. Pat. 16957. 1914) consists in passing 
an excess of acetylene through a hot solution 
containing mercury compoun£ and so adjusting 
the conditions that a state of thermal equilibrium 
is approximately attained. This is carried out 
by ^justing the rate of flow of the gas and the 
temperature of the reaction vessel, so that the 
heat evolved by the reaction is balanced by 
the heat lost by evaporation of water and by 
addition of fresh water to keep the volume of 
liquid constant; the reaction may be carried 
out in thermally insulated vessels surrounded by 
a water jacket ; a temperature of 80’ is said 
' to be suitable, using sulphuric acid of 6-35 p.c. 
strength. 

H. W. Matheson, of the Canadian Electro- 
products Company, describes a process which 
consists in passing acetylene in excess into 
Bulphurio acid of 6 p.c. strength containing 
mercuric oxide in suspension, at 40-66® 0. and 
at pressures varying from atmospheric to 3-4 lbs. 
above : the process is made continuous by the 
periodic admtion of the necessary amounts of 
water, acid and mercuric oxide. (Eng. Pat. 
132667.) 

To overcome the difficulty caused bv the 
gradual separation of mercury as a heavy sludge, 
which is difficult to deal with, Meister, Lucius, 
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andBriining (Eng. Pat. 2415J, 1014) suggest the 
introduotion of suitable oxidis^ a^^ts to the 
reaction liquid, such as feVo aalta, o^mio 
acid, or ohromatea, to preven] the separation of 
metallio mercury (c/. U.S. Pat. 1161928, 1161929; 
D. R. P. 293070). 

A method for overcoming this trouble is 
given by T. P. Hilditoh and J. Orosfield and 
Sons consisting in the periodic addition of small 
amounts of suitable oxidising agents such as 
manganates, j^rmanganates or hydrogen per- 
oxide to reoxidisc the sludge to merouno oxide. 
(£ng. Pats. 124702, 126926.) Lead peroxide, 
ceric oxide and manganese dioxide arc also 
claimed (Eng. Pat. 131086). 

The Consortium (Eng. Pat. 6132, 1916) state 
that satiafactory results are obtained by the 
use of solvents, such as glacial acetic acid, mixed 
or not with vjnyl acetate, ethylidene diacetate, 
&c., in the presence of mercuric oxide and 
strong acids ; water is added in the theoretical 
proportions and the temperature kept at 80**- 
90°. The use of iron or nickel apparatus is also 
sugmted. 

The difficulty caused by the formation of 
the mercury slu&e is also discussed by theChem. 
Fab. Qriesheim Mektron(£ng:Pat. 10140, 1916), 
who claim the recovery of the mercury by 
carbonising the residue oy heat, or by mixing 
the sludge with caustic soda and electro- 
lysi^. 

&e Soc. Chem. Tnd. in Basle regenerate the 
catalyst by electrolysis in presence of a suitable 
oxygen-carrier such as an iron salt (Eng. Pat. 
130138) 

H. Dreyfus (Eng. Pat. 106064), in a somewhat 
lengthy claim, states that the production of 
acetaldehyde is conveniently carried out by 
observing one or more of the following condi- 
tions : — 

(1) Sulphuric acid is employed of 6-20 p.o. 
(2) Less than 20 p.o. of mercury compounds are 
used. (3) The temperature is kept below 60" 0. 
(4) The acetylene is rapidly introduced in such 
quantity thiat it is all absorbed. (6) The 
acetylene is at first introduced slowly until all 
the mercury compound becomes grey or greyish- 
black. (6) After a quantity of aldehyde has 
been formed the introduction of acetylene is 
stopped and the temperature raised to ^til oil 
the aldehyde, after which the temperature is 
again lowered and more acetylene introduced. 
(7) The acetylene is previously purified from 
sulphuretted hydrogen, phosphine, ammonia, 
&c. (8) Water is added throughout the reaction 
to keep the percentage of acid constant. (9) 
The absorbing solution is first heated up to 
dissolve all the mercury compounds and then 
cooled to the temperature suitable for the re- 
action. (10) The mixture of gas and liquid is 
strongly agitated, and the acetylene is intro- 
duced under slight pressure ; in place of sulphuric 
acid other aci£, such as benzene sulphonic acid 
or phosphoric acid, may be used. The aldehyde 
may be removed from &e solution by evacuation 
or by solvents such as acetylene or ethylene 
chlorides or benzene, instead of by distillation. 
The mercury residue may be regenerated by 
treatment with suitable oxidising agents; the 
process may be carried out in l^-Dned appa- 
ratus, the surface of which is previously coated 
with a layer of lead sulphate, or iron apparatus 


lined with acid resisting plates or earthenware 
may be used. The use of suitable heating and 
cooling pipes is also described. The same 
inventor, in a patent of addition to the above 
(Eng. Pat. 106483), claims a modification of the 
principal process, using sulphuric acid of over 
20 p.o. strength and extracting the aldehyde 
by means of a solvent such as derivatives of 
aceWlene, ethylene, or benzene. 

l^yfus also claims the use of iron-silicov 
alloy vessels for the process, which are resistant 
to hot dilute sulphuric acid and to the action of 
merou^ (Eng. Pat. 116899). 

In Eng. Pat. 107684, the Deutsche Gold and 
Silber Scheide Anstalt describe a distinctly 
different process, consisting in passing a mixture 
of acetylene and steam over contact agents, 
such as molybdic acid on asbestos, at high 
temperatures ; somewhat similar is the propo^ 
of Chemische Fabrik Rhenania (Eng. Pat. i09983), 
to pass acetylene and steam over bog-iron ore 
at400°-420°; in place of bog-iron ore, hydrated 
iron oxide, bauxite, hydrated aluminium uicates, 
or compounds of copper, nickel, cobalt, manga- 
nese, chromium, cerium, or vanadium may he 
used. {Of. aLo Kng. Pat. 107686.) 

Of later developments we may note that 
Hibbert and Morton (U.S. Pats. 1213486 ; 
1213487; 1247270; Can. Pats. 181666 ; 181666; 
181667) recommend the introduction into the 
catalytic mercury solution of a salt of a weak 
acid, specificaliy a borate ; the absorption ol 
the acetylene and the distillation of the acetalde- 
hyde is said to bo more rapid and complete, and 
the tendency to the formation of undesirable 
by-products is said to bo greatly reduced. Tho} 
also claim the use of several catalytic baths 
arranged in series so that the vapours pass 
through them all in succession. 

The Comp, des Produits chim. d’Alais, ir 
Eng. Pat. 130650, describe the production ol 
acetaldehyde from acetylene in an apparatus ic 
which the reaction liquid is subjected con< 
tinuously to a vacuum so as to remove thf 
aldehyde as formed. 

As actually carried out on the large scale a1 
the Shawinigan works of the Canadian Electro 
products Co., acetylene gas is led into diluti 
sulphuric acid containing mercuric oxide ii 
suspension, the oxide being led in continuouslj 
ana the acetaldehyde removed by the largi 
oxcvaa of acetylene used : the requisite oxide ii 
prepared by electrolysing mercury in large cast 
iron pots 6 ft. in mametcr and 16 ins. high 
using the mercury as the anode and diluti 
caustic soda as the electrolyte. (Can. Chem 
J. III. 260 (1919).) 

Substituted acetaldehydes applicable to per 
fumery can be obtained hy condensing a keton< 
with a halogen or amino substituted acetic este 
in the presence of sodium. The a-hydroxy 
acrylic ester thus obtained is saponified am 
decomposed by heat or distillation under reducec 
pressure (J. Soc. Chem. Ind. 23, 465). 

Propertua . — ^Aldehyde is a colourless liquu 
b.p. 20*8°, m.p. —120*7°, and sp.gr. 0*8009^ 
at 0° (Kopp, Annalen, 64, 214) ; 0*79609 at 10° 
0*79138 at 13°, 0*78761 at 16° (Perkin, Chem 
Soc. Trans. 46, 476). It has an extiemelj 
pungent suffocating odour; it is very inflam 
mame, and bums with a feebly luminoui 
flame. 
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li is soluble in «U jptporiions in alcohol, 
ether, and water, and is separated from the 
aooeous solution as an ethered layer on 
addition of calcium chloride. Tt possibly forms 
an addition compound with water 

CH,CH0+H,0 = CH,CH(OH), 

iflUkhydrcl; tikylident glycol) (Ramsay and 
Young, Trans. Boy. 8oc. 1886, i. 117; Perkin, 
Tirans. Chem. Soo. 61, 816 ; Binot and Hokering, 
tbid. 71, 774 ; Homfray, ibid. 87, 913 ; Oolles, 
ibid. 89, 1249). When heated with aqueous 
soda, Mtash, or barium hydroxide, so-called 
aldehyde resin is obtained as a brown mass 
(Liebig, l.c . ; Weidenbusch, Annalen, 66, 163 ; 
Lederer, Monatsh. 22, 636). Sodium amalgam 
converts aldehyde into ethyl alcohol, a smaH 
quantity of 6-bulyleneglyco], which is also 
formed by the action of magnesium amalgam 
(Meunier, Compt. nend. 134, 473 ; Tistschenko 
and Giifforeeff, J. Russ. Phys. Chem. Soc. 38, 
640; Voronkotf, ibid. 38, 647), being formed 
simultaneously (Kekul4, Annalen, 162, 310). 
With sodium, acetaldehyde reacts violently, 
producing the compound CH. : GH*ONa, which 
rapidly polymerises to a brown substance, 
whilst if the reaction takes place in presence 
of benzoyl chloride in ethereal solution aide- 


hydoaldolbenzoate CisHnO^, m.p. 86° -87®, is 
formed (Freer, Amer. Chem. J. 18, 662 ; Annalen, 
293, 326). Phosphorus pentachloride reacts 
with it, yielding ethylidene dichloride (Geuther, 
Annalen, 106, 323). With potassium cyanide 
alanine and a-imino dipropionic acid are 
formed (Franzen and Ryser, J. pr. Chem. 88, 
293). 

Redu/Ciion of Aldehyde . — ^In presence of 
reduced nickel hydrogen reduces aldehyde 
to ethyl alcohol, a good yield and pure 
product beinff obtained (Sabatier and Senderens, 
Compt. rend. 137, 301). Modifications of 
this process have been worked out and 
patented. Thus, H. Dreyfus (Eng. Pat. 108866) 
describes the production of ethyl alcohol by 
the action of hydrogen on acetaldehyde in the 
presence of suitable catalysts such as platinum, 
platinised asbestos, copper, iron, coromium, 
nickel, cerium, uranium, vanadium, and their 
oxides, Ac. The reaction is carried out by 
passing the mixture of hydrogen and aldehyde 
vapour through reaction vessels or tubes at 
temperatures ranging from the boiling-point of 
aldenyde to 400° €., and condensing the product. 
The Elektrizit&ts Werke Lonza (Swiss Pat. 
74129, 1917) claim the production of alcohol by 
passing aldehyde vapour and a large excess of 
hydrogen over a heated catalyst (Eng. Pat. 
120163; cf. also 128929). It is understood 
that the last-named firm has been granted 
a conoession from the Swiss Government to 
manufacture 7000 tons of alcohol a year from 
calcium carbide at their works at Visp in the 
Rhone Valley, and are to supply not less 
than 2600 tons alcohol to the Government 
J. Ind. and Eng. Chem. 1917, 903). An 
acetic acid factory is also being constructed at 
Wallis. 

For the production of one ton of alcohol by 
this process about one ton calcium carbide Is 
necessary, and 600 cubic metres of hydrogen ; 
the former requires some 8000 kw. hours and 
the latter about 3000 kw. hours. In addition 


each ton alcohol requires 2600 kg. of eoal 
and 4000 kg. limestone (Chem. Ind. 1017, 
336). 

O^^dcAion of Aldehyde , — With potassium 
permanganate, acetic acid is formed, but to 
presence of excess of potash, oxalic and carbonic 
acids are also fonuM (Denis, Amer. Chem. J. 
38, 661). 

It has been found possible to oxidise acetalde- 
hyde on a commercial scale by means of oxygen 
or air in the presence of a suitable catalyst. 
The various patented processors may be divided 
into two classes : — 

(1) Where air or oi^gen is passed into the 
liquid aldehyde containing a dissolved catalyst. 

(2) Where the two substances are passed 
over a heated catalyst. 

(1) The Consortium f. Elektrochcmische In- 
dustrie (Eng. Pat. 16849, 1913) claim the produc- 
tion of per-acetic acid by treating acetaldehyde 
with oxygen at a low temperature, preferably 
with the exclusion of injurious impurities, such 
as water and manganese compounds. The 
reaction is said to be facilitated by the use of 
chemically active rays. On allowing per-acetic 
acid obtained from acetaldehyde to attain the 
room temperature it is decomposed by the 
remaining aldehyde into acetic acid. 

(From this it would seem possible that in 
the various processes next to be described, tho 
first stage in the production of acetic acid is 
the addition of oxygen to form per-acetic acid 
CH,-CH04-0*:-^CH, CHO O„ wWch then reacts 
with acetaldehyde, yielding acetic acid : 

CHaCHOO,+CH,CHO=2CHaCOOH.) 

The same patentees next described (Eng. Pat. 
17016, 1913) the production of acetic acid by 
oxidising aldehyde by means of air or oxygen 
in the presence of a manganese compound acting 
as a catalyst. The catalyst is preferably 
employed in the dissolved or colloidal condition 
which may be prepared by introducing per- 
manganates into the aldehyde when remiction 
takes place to a catalytically active brown 
liquid. 

In Eng. Pat. 17018, 1913, the Consortium 
describe a modification of Eng. Pat. 16849, 1913, 
consisting in obtaiping per-acids by adding 
certain metal salts, other than manganese com- 
pounds, such as compounds of chromium, 
cobalt, iron, uranium, and vanadium. The use 
of ferric acetate is claimed by Th. Dreyfus to 
Eng. Pat. 130036. 

A further modification of Eng Pat. 17016, 
1913, is claimed by the Consortium (Eng. Pat 
7418, 1914), consisting in substituting for per- 
manganates the formate, acetate, butyrate, 
benzoate, lactate, or other oiganio salt of 
manganese. 

Moister Lucius and Briining (Eng. Pat. 10377, 
1914) assert that greatly improved results are 


obtained by passing in the air or oxygen under 
pressure; thus, for instance, oxygen at a 
pressure of two atmospheres is passed into 
aeetaldehvde containing 1 p.o. by wetoht of 
ceric oxide ; the temperature rises to 60^-60°, 
and cooling is necessary. Yields up to 96 p.o. 
are claimed; as catalysts are mentioned also 
ferric oxide, vanadium pentoxide, chromium 
oxide, and platinum black. A table is given, 
showing the influence of pressure : — 
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Aoano Acid obtained p.OI ot Thbobstical 
Yibld. 

w\i With BM8sim 

With catftlyst. prestore. and oatalytt. 

After 1 hour, 4 p.o. 5 p.o. 35 p.o. 

After 6 hours, 16 p.o. 20 p.o. 96 p.e. 

A somewhat different process is given in 
Eng. Pat. 14113, 1914, by the Chemisohe Fabrik 
Griesheim Elektron, consisting in manufacturing 
acetic acid bj passing acetylene and oxygen 
alternately or simultaneously into acetic, 
chloracetic, lactic, or other organic acid con- 
taining water, to which has been added a mer- 
cury compound with or without the addition of 
bisulphate, sulphuric acid, Ac. Aldehyde is 
first form^ when passing in acetylene, and is 
then oxidised to acetic acid by the oxygen 
subsequently introduced. This proceeding sounds, 
however, somewhat dangerous, and is probably 
less easily controlled than the others. The 
B.A.S.F. claim a process for carrying out the 
oxidation by means of air or oxygen in presence 
of iron compounds and organic salts of alkalis 
and alkaline earths, including magnesium and 
alifminium (D. R. P. 204724). 

(2) The second method is described by the 
Chem. Fab. Griesheim Elektron (Eng. Pat. 17424, 
1911), and consists in adding acetic acid, chlor- 
acetic acid, or acetic anhydride to the aldehyde 
before the commencement of the oxidation. A 
catalyst such as vanadium pentoxide, uranium 
oxide, or roasted ferrosoferric oxide, Fe, 04 , 
facilitates the reaction. The process may be 
conducted in tubes or towers, Ac., packed with 
glass or clay. In an addition to this patent 
(8076, 1912) an improvement is claimed con- 
bisting in treating small quantities of aldehyde 
with oxygen in vessels, tubes, towers, Ac., until 
the greater part is oxidised to acetic acid, and 
then adding further quantities of aldehyde and 
paAin^ a stronger current of oxygen, whereby 
oxidation proceeds rapidl]^. The process may 
be accelerated by the addition of a catalyst, such 
as those already mentioned. 

H. Dreyfus (Eng. Paf . 105066) claims the pro- 
duction of acetic acid by passing a mixture of 
aldehyde vapour with air or oxygen through 
vesseis or tuoes containing contact substances, 
such as platinised asbestos, preferably at a I 
temperature above the boiling-point of acetic ! 
acid ; the mixture of aldehyde vapour and air 
or oxygen may be preheated to a suitable 
temperature before entering the contact appa- 
ratus ; the heat of the gases issuing from the 
contact apparatus may be utilised for this 
purpose, the process bemg carried out in appa- 
ratus similar to that employed in the manu- 
facture of sulphuric anhydride by the contact 
process. 

The same inventor in a later patent (Eng. 
Pat. 108459) describes a further modification of 
the previous process consisting in oxidising acet- 
aldenyde by means of air or oxygen at temper- 
atures of l50°-250° 0. either in presence or 
absence of a catalyst. Suitable- catalysts are 
stated to be : platmum, copper, copper oxide, 
chromium oxide, uranium oxide, vanadium 
oxide, cerium oxide, iron, pumice, Ac. The 
gases are jpreferably caused to travel through a 
long path m the reaction apparatus, and the air 
employed is preferably in excess of the theoretical 


amount. Further improvements given in £im. 
Pat. 110645, by the same patentee, are chie^ 
concerned with minor details ; thus the mixture 
of aldehyde vapour and air may be obtained by 
passing air through liquid aldehyde and passing 
the mixture into the reaction chamber; or 
liquid aldehyde may be vaporised by a current 
ot air in the bottom of the reaction chamber 
itself, the latter being provided with suitable 
agitators. The temperature of the liquid 
aldehyde or of the air may be rcjgulated so as to 
control the composition of the mixture of vapour 
and gas, or the liquid aldehyde may be suitably 
diluted, witn acetic acid for the same 
purpose. The liquid acetic acid formed collects 
m a suitable part of the apparatus and flows 
away, while the issuing gas containing aldehyde 
may be treated again, or the contained aldel^e 
may bo recovers and re-used (cf. Fr. Pat. 
479656, and additions 20201, 20202). 

In Eng. Pat. 116279, S. Utheim claims the 
production of acetic acid from aldehyde by the 
action of oxygon under pressure, the aldehyde 
being supplied to the oxygen in a confined space 
in limited quantities, e.p. in a number of narrow 
tubes with suitable cooling. Whilst the Comp, 
des Prod. chim. d’Alais describe the oxidation 
as taking place in suitable towers by means of 
air or oxygen in absence of a catalyst, the 
product being heated continuously to destroy 
any peracetic acid formed (Eng. Pat. 130651). 

Tne process described in Eng. Pat. 109983 by 
the Ohemische Fabrik Rhenania falls into a 
somewhat different category, as it deals with the 
direct production of acetic acid from acetylene 
by passing the latter, mixed with steam, over 
partially reduced bog iron-ore ; the process 
does not, however, appear to be of much import- 
ance owing to the poor yield. 

Hibbert (U.S. Pat. 1230899 ; Can.Pat. 178237) 
recommends the use of wood charcoal previously 
saturated with strong acetic acid to promote 
the reaction between acetaldehyde and oxygen, 
using it as a packing for towers through wnich 
the mixture is passed. A 00 p.o. yimd of 70 
p.c. acid is obtained, working at 45*^ 0. 

W. H. Matheson, of the Canadian Electro- 
products Co., Shawinigan Fall, Quebec, states 
that the oxidation process carried out at these 
works is done in aluminium vessels, as copper, 
iron, etc , are unsuitable and have led to violent 
explosions (Can. Chem. Jour. III. 260 (1919). 
These works manufacturedsynthetic acetone and 
acetic acid for the British Government during 
the war, and from Nov., 1917» to Nov., 1919, 
about 10,000 tons glacial acetic acid were 
shipped to England, cniefly for the manufacture 
of acetylcellulose for aeroplane dope; at the 
time of the Armistice (Nov. 11, 1919), the plant 
had been enlarged to produce about 1600 tons 
per month at a total capital cost of about 
£800,000. According to A. F. Cadenhead (Can. 
Chem. Jour. III., 268 (1919)), one ton of carbide 
produces on an average about half a ton of 
acetic acid. 

When subjected to electrolysis in faintly 
alkaline or neutral solution it is decomposed into 
alcohol and acetic acids (Slaboszewicz, Chem. 
Zentr. 1903, i. 279 ; Law, Chem. Soc. Trans. 

I 1905, 198 ; Jackson and Laurie, ibid* 1906, 
! 156), whilst when heated alone to high tempera- 
tures carbon monoxide and methane are the 
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ihief products (Bone and. Smith, Chem. Soc. 
Trans. 1906, 910; Ipatieff, Chem. Zentr. 1906, 
i. 87 ; Nef, Ann. 318, 198). Action of silent 
ileotric discharge (c/. Besson and Fournier, 
yompt. rend. 160, 1238). Action of ultra-violet 
ays (Berthelot and Gaudechon, Oompt. rend. 
M, 233). 

Acetaldehyde and its dimethyl derivative 
lave antiseptic properties (Coblenz, J. Soo. 
Ihhm. Ind. 17, 728; Pasqumis, Chem. Zentr v 
897, ii. 10, 12). It is alro useful in photo- 
;raphio developing (Seyewe^, Bull. Soo. chim. 
9, (3) 134), and the vapour or solution in 
blcohol or benzene slowly nardcns dry gelatine 
ilms (Beckmann, Chem. Zentr. 1896, u. 930 ; 
X R. P. 116446; 116800). 

Production of synthetic rubber indirectly 
rom aldehyde, ^ee Dubose (Caoutchouc et 
lutta Percha, 9, 6608, 6713). In presence of 
klumina at 400** isopropyl alcohol condenses 
vith aldehvde to give a good yield of piperylene 
Ostromisslensky, J. Russ. Phys. Chem. Soo. 
e7, 1607). By passing aldehyde and alcohol 
'’apours over heated catalysts, such as alumina, 
ihosphorio acid, &o., butadiene is formed 
Ostromisslensky, J. Russ. Phys. Chem Soo. 
7, 1494, 1609). Precipitate alumina is 

peoially noted as, heated to 369^-460°, a 
6-18 p.o. yield of pure erythrene is obtained. 

Aloehyde readily polymerises in the presence 
if small quantities oi various substances, such 
.s sulphuric acid, phosgene, zinc chloride, 
lydrogen chloride, sulphur dioxide, the halogens, 
lartioularly iodine, &o., and two compounds 
re obtained the relative quantities of which 
lepend upon the temperature; the chief pro- 
uot beiim metaldehyde (021140)3 (Hanriot and 
leconomides, Ann. Chem. llys. [6] 26, 227 ; 
lolntosh, Chem. Soo. Trans. 1906, 790; 
[ecchini, Gazz. chim. ital. 22, ii. 686), when 
he action takes place in a freezing mixture; 
nd the isomeric paraldehyde (elaldehyde) when 
b occurs at the ordinary temperature. 

Paraldehyde (C3H40)a is prepared from 
cetaldehyde by the addition 01 a drop of con- 
entrated sulphuric acid, the liquid boiling up 
t once with almost explosive violence ; the 
roduct can be purified either by freezing out 
elow 0^ and removing the liquid portion, or 
y washing with a little dilute sodium carbonate 
slution, ^710^ over calcium chloride and 
setifying (Fehlmg, Annalen, 27, 319 ; Werden- 
usch, ibid, 66, 166; Geuther and Cartmell, 
nd, 112, 17 ; Geuther, Zeitsch. f. Chemie, 
B65, 32; Lieben, Annalen, Suppl. 1, 114 
B61-2 ; Kekul6 & Zinoke, Annalen, 162, 143 ; 
iruhl, ibid, 203, 26, 43; Franchimont, Rec. 
*av. chim. 1, 239 ; Desgrez, Bull. Soo. chim. 
1, [3], 362 ; Wachhausen, Chem. Zentr. 1897, 

» 493; Ciamioian and Silber, Bcr. 35, 1080). 
olymerisation is also caused by hal(^en 
ydracids (Macintosh, J. Amer. Chem. Soc. 
9, 688). In the latter case addition products 
re formed, e.g, (C3H40)8*3HC1, m.p. —IS®; 
:J,H.O),-3HBr, m.p. -16®; (CaH40)s*3HI, 
quid below —32®. Paraldehyde is a clear 
Lobile colourless liquid of pleasant odour and 
larp taste, b.p. m®, D30 0*994, m.p. 12*6®. 

; possesses the same molecular weight also in 
le vapour phase, and in solution (Patem and | 
asini, Ber. 19, 2629 ; Carrara and Terrari, ! 
azz. chim. ital. 36, i. 426). It is sparingly j 


12 parts paraldehyde, the solubility diminishing 
on warnung ; it does not show the characteristic 
aldehyde reaction ; thus it does not reduce 
ammoiiiacal silve nitrate, does not resinify on 
heati^ with aqueous potash, and does not 
unite with ammonia or bisulphites ; its formula 
is therefore assumed to be : 

0— CH;-CH, 

CH,CH< >0 
^0— CH-CH, 

On warming with a little sulphuric acid it is 
readily depolymerised completely into ordinary 
aldehyde; many other reagents also produce 
the same effect ; it may also occur on very long 
standing (Troeger, Ber. 25, 3317). Owing to 
the ease of depolymorisation paraldehycfo is 
frequently made use of in place of aldehyde for 
many reactions where the monomoleculw form 
is inconvenient to use owing to its low boiling- 
point. 

Thus it condenses with diacetoneamine to 
form vinyldiacetoneamine (E. Fischer, Ber. 17, 
1793; C. Harries, Ber. 29, 622); with aniline 
to form quinaldine (D. R. P. 24317 ; 28217 ; 
36133 ; Kng. Pat. 966, 1883 ; 4207, 1883), and 
with hydroxyquinol to form yellow dyes (laeber- 
mann and Lendenbaum, Ber. 37, 1171, 2728). 

Paraldehyde sets free iodine from alkali 
iodides (Wachhausen, Chem. Zentr. 1897, i. 
493). It is not attacked by pure nitric acid, 
but is readily oxidised if nitrous acid be present 
(Behrens and Schmitz, Annalen, 277, 313, 336). 

Smits and de Leeuw assume the existence of 
an equilibrium of a pseudo-ternary system of 
aldehyde-metaldehyde-paraldehyde, the values 
for the different components varying according 
to the catalyst (Smits and de Leeuw, K. Akad. 
Wetenschapen, 1910, 318 ; Amer. Chem. Abstr. 
1911, 1862 ; Zeitsch. physiol. Chem. 77, 268). 
Paraldehyde is used to some extent as a sopo- 
riffc. 

Metaldehyde crystallises in needles or tetra- 
gonal prisms, sublimes without previous fusion 
at 112-116®, and when heated m sealed tubes 
at 120® is entirely reconverted into ordinary 
aldehyde (Friedel, Bull. Soc. chim. 9, (3) 384). 
According to Troeger (Ber. 26, 3316), after 
standing for ten years a sample was converted 
into aldehyde and paraldehyde, but according 
to Hantzsch and Oechslin (Ber. 40, 4341), 
metacetaldehyde is not isomeric with paracet- 
aldehyde, and is quite stable when pure. 
Omdorff and White (Amer. Chem. J. 16. 43) 
state that when it is allowed to stand for 
some time the metaldehyde is converted into 
tetraldehyde (CgH40)4. 

Neither polymeride is resinised by aqueous 
soda or potash, but in other reactions they 
behave generally as ordinary aldehyde and yield 
similar products (Kekul6 and Zincke). 

Formation of Acetic Ester , — Another im- 
portant change of the nature of polymerisation 
takes place under certain conditions, causing 
the formation of acetic ester in excellent yield. 

Tischtschenko (J. Russ. Phys. Chem. Soc. 
38, 398-418 ; Chem. Zentr. 1906, ii. 1309, 1662) 
proposes the following method of working: 
Acetaldehyde is cooled down to —20® C., 
uncrushea aluminium ethylate is added, and 
the mixture allowed to stand for several days 
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decided that the yield of acetio eater incieaaea 
with the amount of olcoholate added but only 
to a certain maximum limit \namely 69^ p.c. 
of ester (using 16 p.o. of aluiunium ethylate), 
and that it is necessary to use the alooholate in 
lumps ; he also oonduded that by using small 
quantities of the catalyst the yield m ester 
is lessened, with increased formation of by- 
products, and when only about 4 p.o. alcoholate 
IS used the formation of by-products predomi- 
nates over the ester condensation. 

The Consortium f. Elektroohemische Indus- 
trie found later (Eng. Pat. 26826, 1913) that the 
various drawbacks could be overcome by adding 
to the aluminium alcoholate certain catalytic 
substances, such as tin ohlor-ethylate, which 
are without catalytic activity themselves but 
increase the power of the lUcoholate very 
greatly ; thus, in an example, 160 parts anhy- 
drous aldehyde were cooled down to 0^ C., and 9 
partsof aluminium ethylate previously fused with 
10 p.c. of tin chlorethylate (from 20 parts tin 
tetrachloride and 14 parts absolute alcohol) were 
added during half an hour, with vigorous stirring 
and efficient cooling. After ten hours the odour 
of aldehyde had msappeared and the product 
was distilled, 96 p.c. of almost pure acetio ester 
coming over between 74° 0. and 80° 0. A 
comparative experiment in which the stannic 
chlorethylate was omitted gave only a 19 p.c. 
yield. In Eng. Pat. 26826, 1913, by the same 
nrm, a further improvement is claimed, using 
instead of anhydrous aluminium ethylate, the 
same body treated with a small quantity of 
water or with substances containing water, in 
particular aluminium hydroxide. In an example 
the following figures are given : — 

Yield of 

Kind of alooholate. Al. content, ester. 

Untreated .... 17*7 p.o. 21 p.o. 

Fused with a little water 21*0 p.o. 87 p.o. 

Untreated . . * . 17*7 p.c. 23 p.o. 

Fused with Al(OH )3 . 24*8 p.c. 85 p.o. 

The further improvements claimed in Eng. 
Pat. 4887, 1916 {idem.) consist in increasing the 
aotivi^ of the catalyst by dissolving in the 
melted alooholate suitable substances such as 
dehydrated potash alum, dehydrated copper 
sulphate or camphor, or by supercooling the 
alooholate, 6.g. by melting and cooling rapidly 
by pouring into a solvent or on to a metal 
plate. Ethyl acetate is of special use as a 
solvent ; the mixture of melted alcoholate and 
added substances mentioned above may also 
be dissolved in ethyl acetate ; the solutions 
may be employed hot, or may be allowed to cool 
with partuu separation of the alcoholate from 
solution. 

Meister, Lucius and Bruning describe (Eng. 
Pat. 1288, 1915) the production of acetic ester 
from aldehyde by means of aluminium alcoholate, 
the latter being dissolved in a suitable organic 
solvent such as dry solvent naphtha. 

{Aluminium AleohoilcUe , — ^The production of 
this catalyst is described by Farbw. v. Meister, 
Lucius, and Bruning in D. B. P. 286596, and 
addition 293613, ana in 289167. According to 
those roecifications aluminium ethoxide is 
obtainedf in good yield from aluminium and 
anhydrous alcohol n, in presence or absence of 
hak^en alkyls or iodine, small amounts of 
meicurio chloride are added as a catalyst ; other 


alcohols may be substituted for ethyl alcohol, 
3 nielding the corresponding alcoholates. 

Upon subsequent vacuum distillation for the 
purpose of purifying the crude product, the 
muminium ethylate goes over rea^y without 
bumping, soli^ying to a snow-white mass, 
while mercury is not carried over with it. Or 
the ethylate may bo distilled undw atmospheric 
pressure without decomposition if the vapours 
are rapidly withdrawn from farther supaJ 
heating. This may be effected by employing 
a low form of distilling vessel whereby con- 
densation in the upper part of the vessel is 
prevented.) 

Reactions . — ^Aldehyde in aqueous solution 
very readily reduces an ammoniaoal solution of 
silver nitrate giving a bright metallio mirror. 
Acetaldehyde (and all aldehydes which are 
stable in aqueous soda solution) can be de- 
tected by adding to a solution of the suspected 
substance in dilute alkali a fresh solution of 
1 part of paradiazobenzenesulphonic acid in 
60 parts of water rendered alkaline with a little 
soda, and then some sodium amalgam ; if an 
aldehyde is present, a reddish-brown colour is 
developed after the mixture has stood for 10>20 
minutes (Penzoldt and Fischer, Ber. 16, 657). 

A solution of rosaniline decolourised by sul- 
hurouB acid ( Villiers and Fovolle, Compt. rend. 
19, 75), or magenta bleached by sunlight (Blaser, 
Ohem. Zentr. 1899, ii. 848), regains its original 
colour on addition of an aldehyde (Denigha, 
Compt. rend. 160, 629). This reaction is due to 
the formation of coloured compounds by the 
condensation of the aldehyde and magenta 
(Urbain, Bull. Soc. chim. 1896, iii. 16, 456). 
With salts of m-diamines aldehydes give coloured 
solutions with intense greenish fluorescence 
(Bitto, Frdl. 36, 369). With sodium nitro- 
prusside and alkali, acetaldehyde gives a 
ohorry-red colouration, whilst if tri-methylamine 
is first added a blue colour is produced (Bittoi 
Annalen, 267, 372; 269, 377; Uenighs, Bull. 
Soo. chim. 17, (3) 381 ; Simon, Compt. rend. 
125, 1105 ; Bull. Soc. chim. 19, (3) 297). Thio- 
semicarbazide mixed with an aldehyde in acetio, 
alcoholic, or aqueous solution yields character- 
istic thiosemicarbazones. Acetaldehydethio- 
semicarbazone hasm.p. 146° (Freund and Schan- 
der, Ber. 35, 2602). Phenylhydrazone a-form, 
m.p. 98°-101° ; fl-form, m.p. 67° (Lookemann 
and Liesche, Annalen. 342, 14; Laws an^ 
Sidgwiok, Trans. Chem. Soc. 99, 2086). 
Tosohi and Angiolani (Gazz. chim. ital. 45, 
i. 205) recommend the use of 4-4'-diphenyl- 
semicarbazide, the acetaldehyde derivative 
having m.p. 133°- 134°. 

Ower tests for aldel^des are described by 
Ihl, Chem. Zeit. 14, 1671 ; Doebner, Ber. 27, 
362, 2020 ; Lumiiire and Seyewetz, Bull. Soo. 
chim. 19, (3) 134; Rimini, Atti Real. Acad. 
Lincei, 1901, 10, 355 ; Murco, Compt. rend. 31, 
943; Riegler Frdl. 42, 168; Behrens, Chem. 
Zeit. 26, 1125 ; Sadtler, J. Soo. Chem. Ind. 
23, 387 ; Prud’homme, Bl. Soo. Ind. Mulhouse, 
1904, 74, 169 ; Leys, ,T. Pharm. Chim. 1905, 22, 
107 ; Auld and Hantzsoh, Ber. 38, 2677. 

Quantitative Estimation, — Cf, Rieter, Chem. 
Zentr. 1896, ii. 368 ; Rocques, Conmt. rend. 
127, 626, 764 ; Seyewetz and Bardin, Bull. 

I Soo. chim. [3] 33, 1000 ; Colies, Trans. Chem. 

I Soo. 89, 1249. Colorimetric estimation, Paul, 
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Zeitech. f. anal* Chem. 30» 649; Tolman, J. 
Amer, Cham. Soo. 28, 1624; by meana of 
pyrrole, Soboler and Saledd, Zeitaoh. phyaid. 
Chem. 09, 441. Estimation in presence of 
pmldehyde, Richter, Pharm. Zeit. 57, 125; 
Heyl, ibiJ. 28, 165, 720. In presence of acetone, 
Ba^limd, Zeitsch. anal. Chem. 53, 433. 

Condenaaiion Products . — Aldehyde readily 
yields condensation compounds ; thus when 
Lllowed tp remain in the cold with dilute Iwdro- 
chloric acid, or with aqueous aolutiona of 
chloride or of salts having an alkaline reaction, 
such as jpotassium carbonate, aldol is obtained. 

• ~ - crit 


Eibner, Annalen. b28, 121 ; Knoevenagel, Ber. 
37, 4461) ; with rhodanio and substituted zho- 
danio adds fomU tg stable dyeing compounds 
(Andreasch and 1 ipser, Monatah. 499 ; 26, 
1191; Zipser, ibid. 23, 592; Staohete, Odd. 
26, 1209; Bergellini, Atti Acad. Lincei, 
15, 35, 181 ; ^dreasch, Monatsh. 27, 1211 ; 
29, 399 : Wagner, ibid. 27, 1233) ; with methyl 
ketole forming leuco- bases of the dyes of 
rosaniline type (Freund and Lebaoh, Ber. 
36, 308; Freund, Ber. 37, 322); with indole 
dyes, also forming leuco- bases (l^w, Ber. 36, 
4326); with cyanides and cyanacetic esters 
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(Eng. Pat. 17259, 1911) the production of ace- 
taldol by means of a solution of alkali or alkaline 
carbonate, borate, phosphate, or cyanide ; the 
aoetaldol so produced may be extracted with 
ether; or the solution may be reduced by 
aluminium amalgam to yield butylene glycol. 
A further patent by the same firm (Eng. Pat. 
22621, 1912) claims the production of aldol by 
treating aldehyde with an alkalme substance, 
such as an alkali hydroxide or salt, sodium 
ethylate Ac., dissolved in a solvent containing 
little or no water. Ethyl alcohol is mentioned 
as a suitable solvent (c/. also Swiss Pat. 64032 ; 
U.S. Pat. 1151113). 

The Consortium f. Eletroohemisohe Indus- 
trie in Eng. Pat. 19463, 1913, claim the produc* 
tion of aldol by treating aldehyde in the absence 
of water with a small quantity of an alkali or 
alkaline earth metal, or alloy or amalgam thereof, i 
or with their compounds with aldehyde or with < 
other compounds of these metals that are soluble 
in aldehyae, such as the alcoholates or cyanides. 
By slow distillation in vacuo aldol is obtained, 
and by slow distillation at ordinary pressure 
crotonio aldehyde is formed. Organo-metallio 
compounds are formed by adding alkali and alka- 
line-earth metals to aldehyde in the absence of 
water (c/. also D. B. P. 269996). 

According to N. Griinstein (Eng. Pat. 101636) 
aldol and other condensation products are ob- 
tained from acetaldehyde by treating the latter 
with quicklime or strontia; the reaction is 
facilitated by the addition of a trace of water. 
The condensation can edso be effected by means of 
other condensing agents, such as alkaline earth 
metals or their carbides, such as calcium 
carbide, mixed or not with the oxides ; the 
aldehyde is preferably introduced during the 
process. The aldol produced can be distilled 
tn vacuo. Hibbert describes the production 
of aldol by dissolving aldehyde in gasoline and 
treating the solution, after cooling to —10°, 
with potash or caustic soda (U.S. Pat. 1086048). 

Grotonaldehyde is formed when it is heated 
with concentrated hydrochloric acid (Kekul4, 
Annalen, 162, 92 ; Kling and Roy, Oompt. rend. 
144, nil ; Zeisel and v. Bitto, Monatsh. 29, 
591), or with concentrated sulphuric acid (Del4- 
pine, Compt. rend. 133, 876 ; 147, 1316 ; Bull. 
Soc. ohim. 27 [31 7). 

Aldehyde has also been condensed with other 
aldehydes and ketones (Wallach, Chem. Zentr. 
899, ii. 1024; Schmakhoffer, Monatsh. 211, 
671 ; Wogrinz, ibid. 22, 1 ; Weiss, ibid. 25, 
1065 ; Schachner, ibid. 26, 65 ; Salkind, J. Russ. 
Phys. Chem. Soc. 37, 484; Rainer, Monatsh. 
25, 1035 ; Ehrenfieund, ibid. 26, 1003) ; with 
amines (Eibner and Peltaer, Ber. 33, 3460; 


Compt. rend. 120, 1269; Kohn, Monatsh. 19, 
519 ; Wade, Chem. Soc. Proo. 1900, 156 ; Bertini, 
Qazz. chim. ital. 31, i. 265 ; Fiquet, Bull. Soc. 
chim. 7, (3) 767); with phenyl hydrazones 
(Fischer, Ber. 29, 793 ; 30, 12^ ; Peefaman, Ber. 
31, 2123 ; Bamber£[er and Pemsel, Ber. 36, 85 ; 
Lockmann and Juesche, Annalen, 342, 14 ; 
Medvedeff, Ber. 38, 16646, 2283 ; Maurenbrecher, 
Ber. 39, 3583 ; Laws and Sidgwiok, Trans. Chem. 
Soo. 99, 2085) ; with o-hydroxy nitroso com- 
pounds pyrazine derivatives are formed (Lange, 
Ber. 42, 574). Substances capable of use in 
perfumery can be obtained by condensing alde- 
nydes with negatively mono- substituted acetic 
acids in presence of ammonia or a primary or 
secondary amine (J. Soo. Chem. Ina. 24, 689, 
1323). (For compounds of other substances 
with aldehydes, set Hooker and Camell, Chem. 
Soc. Proo. 1893, Fischer, Ber. 27, 165 ; Claisen, 
Annalen, 237, 261 ; Conneler, Chem. Zeit. 20, 
585 ; Kietreiber, Monatsh. 19, 735 ; Bamberger 
and Mil Her, Ber. 27, 147; Rassow, J. pr. 
Chem. 172, 136, 129; Betti, Gazz. ohim. itsA. 
30, u. 310 ; 33, i. 27 ; Koenigs, Ber. 34, 4330 ; 
Moureu and Desmots, Compt. rend. 134, 355 ; 
Knoevenagel, Ber. 36, 2136 ; Hann and Lap- 
worth, Chem. Soo. Trans. 1904, 46 ; Sipion and 
Conduch6, Compt. rend. 138, 977 ; Darzens, 
Compt. rend. 142, 214; Eissler and Pollock, 
Monatsh. 27, 1129; Bolla, Gazz. chim. ital. 
37, 623 ; Senior and Austin, Chem. Soo. Trans. 
1907, 1233 ; Wohl, Ber. 40, 4679 ; Braun, Ber. 
41, 2169 ; Zeisel and Bitto, Monatsh. 29, 591.) 

Additive compounds. — ^Aldehyde not oxdy 
shows a strong tendency to yield polymerides 
and condensation compounds, but unites directly 
with a large number of substonces. 

(1) Compounds with alcohols (v. Acetals). 

(2) Compounds with acids : — Geuther, 
Annalen, 106, 249 ; laeben, ibid. 106, 336 ; 178, 
43 ; Biibencamp, ibid. 225, 279 ; Schiff, Ber. 9, 
304 ; Ponzio, J. pr. Chem. 161, 431 ; Schroeter, 
Ber. 31, 2189; Annalen, 303, 114; DeMpine, 
Compt. rend. 133, 876 ; McIntosh, Amer. Chem. 
J. 28, 588; Wsgseheider and Spath, Chem. 
Zentr. 1910, i. 1421 (v. Acetals). 

(3) Compounds with alkaline sulphites: — 
Aldehyde forms definite crystalline compounds 
when dissolved in concentrated aqueous solu- 
tions of the acid sulphites (bisubhites) of the 
alkali metals. The po^sium salt GtH^O,KHSOs 
crystallises in indistinct needles; we sodium 
salt C,H 40 ,NaHSO.-f iHgO, in fine needles or 
nacreous plates. The emmonium compound 
has the formula CaH 4 (OH)SO|'NHt. These sidts 
are almost insoluble in excess of the sulphite^ 
and separate in the crystalline state ; from them 
aldehyde can be obtained by distillation with a 


ALDOL 


111 

■> 

st«Y»igeracid, analkaliiMoartonate, or by alkali Adams, Bull. Soo. ohim. 34, 29 Wohl and 
nitrites (Bunte, Annalen, 170, 306; Freundler Roth, Ber. 40, 212); <ricAloraMeAyde(v. Chloral). 
and Btmel, Compt. rend. 132, 1338; Seye- According to S. Uthcim chloroform is readily 

wets and Burdin, Compt. rend. >41, 269 ; Hosen* tormed acting upon aldehyde with bleaching 
heim, Ber. 38, 2005 ; Goppook, Chem. News, powder m the presence of water (Eng. Pat. 

1907, 225). With hyposulphites in neutral or 116094). * 

acid solutions aldehyde hyposulphites are The bromine derivatives, and the action of 

obtained ; 2RCH0,M|Ss04 (J. Soo. Chem. Ind. bromine on aldehyde, have been examined by 
25, 475) ; by varying the condition sulphoxylates Pinner (Ber. 7, 1499, and /.r. ; Bugarsky, 
of RCH,'SOsM can be formed (D. It. P. Zeitsch. phyaikal. Chem. 48, 63 ; Freundler, , 
1805&). Cxystalline thioaldehydes are obtained Compt. rend^. 140, 1693 ; Mauguin, Compt. rend, 
bv the action of hydrogen sulphide on an acidified 147, 747). Reactions of dibromoacetaldehyde 
alcoholic solution of aldehyde (Baumann and (r/. Mylo, Ber. 45, 646). 

Fromm; Ber. 22, 2600 ; Ber. 24, 1419, 1457 ; Aldehyde blue is obtained by treating para- 
Klinger, Ber. 32, 2194 ; Drugman and Stockings, rosaniline with aldehyde or, better, paraldenyde 
Chem. Soo. Proo. 19()4, 116; Vanino, J. pr. in aqueous acid solution, and precipitating the 

Chem. 185, 367). dve with sodium chloride. It is solubm in 

(4) Compound with ammonia : — Aldehyde- alcohol and ether, and when fleated with strong 
ammonia C^40‘NH4, obtained by leading dry hydrochloric acid is converted into a reddish 
ammonia into aldehyde in ethereal solution yellow base which shows all the properties of a 
(Liebig, Annalen, 14, 144 ; Jean, Bull. Soc. rosaniline (We (Gattermann and Wiohmann, Ber. 
chim. 13, (3) 474 ; Trillat, (bid. 13, (3) 689 ; 22, 227). By slightly varying the conditions in 
Del4pine, Compt. rend. 125, 051 ; 128, 105 ; the preparation of aldehyde Inue, aldehyde green 
137, 984 ; 14^ 853 ; Coninck, Compt. rend, can also bo obtained (Miller and Pluohl, Ber. 24, 
126, 1042 ; Tschitschibabin, J. Russ. Phys. 1700). F. A. M. 

Chem. Soc. 37, 1229 ; Duden, Bock and Reid, ALDEHYDE QREEN v. Triphenylmbthanb 
Ber. 38, 2036 ; Ciamician and Silber, Ber. 38, colourino matters. 

1671 ; 39, 3942), ciystallises in lame rhombo- ALDEHYDINE v. Bonb oil. 
hedra, melts at 70^-80**, boils at 100^ without ALDEHYDINES. Compounds formed by the 
decomposition, and is decomposed into its condensation of ortho-diamines with aldehydes 
constituents on distillation with dilute acids. (Ladenburg, Ber. 10, 1126) (v. Amines). 

When hydrogen sulphide is passed through a ALDER BARK. {A unCf Fr. ; Erie, Qer.) 
mixture of aldehycie ammonia and ether a Almte glutinosa (Gaert.). Used for tanning and 
crystalline substance SH‘CHMe*NH*0HMeOH, dyeing. The percentage of tannin varies from 
m.p. 60**>63'^, is obtained (Chabrid, C. R. Soc. 16 to 18 (Eitner, Zeit. f. d. Chem. Grossgew. 
Biol. 1896, 3, 72). 3, 668 ; 4, 279). 

(6) Compounds with hydrocyanic acid: — The tannin appears to be 'a methyl tannin 

(Tiemann, Ber. 14, 1965 ; Strecker, Annalen, like that of the oak ; it gives a recldish'blue 
91, 349 ; Erlenmeyer and Passavant, ibid. 200, precipitate with ferrous acetate, an olive-green 
120). precipitate with ferrous sulphate, and is precipi- 

(6) Compounds with metallic salts : — ^With tate(f by a gum solution, 
mercuric sulphate it forms the compound A solution of the bark is employed for ob- 
SO4 : (HgO)i : HgOaH^O (Denigis, Compt. rend, taining black, greys, and browns on linen ; in 
128, 429) ; with merourio nitrate, C.Hg,N04H Germany for reels ; and in Kamchatka for 
(Hofmann, Ber. 31, 2212); and with mercuric colouring skins a red tint, 
acetate alkaline solution at 0^ CMcHO'HgO ALDOFORM. A formaldehyde preparation. 
(Lasserre, J. Pharm. 1905, 22, 246). With gold ALDOL [fi-hydroxybutyric aldehyde ; buianoU 
chloride it forms a coloured colloidal solution 3-al) CHsCHOH’CHi'CHO was first obtained 
(Qarbowski, Ber. 36, 1215) ; and with magnesium by Wurtz in 1872. It is produced by the 
bromide, the compound MgBrs,3CH3CHO (Men- action of cold dilute hydrochloric acid or other 
schutkin, Zeitsch. anorg. Chem. 53, 26) ; with condensing agents, such as alkali acetates, 
calcium cyanide it forms 04Hio04N3Cla3 (Franzen carbonates or bicarbonates, or zinc chloride 
and Ryser, J. pr. Chem. 88, 293) ; compound in aqueous solution, on acetaldehyde, 
with KCN (c/. Eng. Pat. 19463, 1913). 200 grams acetaldehyde at O*’ C. are dropped 

Substitution Products, — ^The action of ohlo- into 200 grams water at 0^ C. and 10 grams 
rine on aldehyde has been studied W Wurtz potassium carbonate are gradually added. The 
(Annalen, 102, 93), Wurtz and Voigt (Bull. Soc. mixture is allowed to stand for 12-18 hours at 
chim. 17, 402), and by Pinner (.£malen, 179, 10^ C., then shaken, first with an equal volume 
21 ; Coblenz, lx, ; Freundler, BuU. Soc, chim. of ether, and again with half its volume of ether. 
1, (4) 66 ; ^undler, Compt. rend. 143, 682). The aqueous solution is exactly neutralised With 
Himer finds that when chlorine is passed into hydrochloric acid and again extracted with half 
ordinary aldehyde at lO*’, metaldehyae and par- its volume of ether. The ether extracts are 
aldehydle are first formed, and these subsequently then united, the ether distilled off, and the 
yidd substitution-derivatives, of which chloral residue distilled in vacuo. (Of. art. Aldbuyde.) 
u the chief product, butyric chloral and dichlor- Aldol is a colourless liquid which boils at 
aldehyde bemg formed in smaller quantity. The 83*^ (20 mm.), and has a specific gravity of 1*121 
foUowiim denvatives have been prepared : — at 0°. It is miscible with water and alcohol. 
ChdofOMshyde CHid’CHO+^HgO (Natterer, When distilled under atmospheric pressure it 
Monatsh. 3, 446) ; with potassium cyanide and loses water and passes into crotonaldehyde 
ammonium chloride, i9>chloro-a-hyaroxy pro- CH,‘CH : CH'CHO ; a similar result being 
picnic acid is form^ (Raske, BerJ 45, 725); obtained by heating it to 100° 0. with water 
aichloraldekyde, OHClg'CHO (Grimaux and containing a small amount of sodium hydroxide. 
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As an aldehyde, it reduces an ammoniaca! 
solution of silver nitrate. 

On stondina for some time aldol becomes 
viscous, and after some days solidifies, jMMsinff 
into the solid polymeric form known as 
This form melts at 82*’*C., and on reduction with 
aluminium amalgam yields /i-butylene glycol 
OHj5*CHOHCH,CH,OH. 

The above compound furnishes an example 
ei the so-called 'aldol condensation,’ which 
has been studied at length by von Lieben and 
his pupils (Monatsh. 1901, 22, 289), and the 
requisite condition for such a reaction is that 
the carbon atom adjacent to the carbonyl 
noup of the aldehyde should be united to at 
IMt one hydrogen atom, although this need 
not be the case when the condensation occurs 
between two different aldehydes, €.g. 

(OH.) jCCHO + RaCHCHO 

= (CH.),CCHOHC(R,)CHO 

A similar type of reaction is also possible 
between aldehydes and ketones, which fulfil the 
suitable conditions. 

As a class, the aldols are colourless liquids 
which readily polymerise on standing. These 
polymerides show the same chemical reactions 
as the liquid forms, and are partially recon- 
verted into such forms on distiAation in vacuo. 
When distilled under atmospheric pressure the 
aldols decompose, partly into the constituent 
aldehydes from which they were produced, and 
partly into the corresponding unsaturated 
aldehyde (1^ loss of water). 

ALDOSES V. GARBOHYDRaTES. 

ALE V. Brewing. 

ALEMBROTH, SALT OF. A compound of 
mercuric chloride and sal ammoniac 
2NH4Cl,HgCl„H,0 

formed by mixing the two salts in suitable 
proportions. Also called by too alchemists Salt 
of Wisdom. 

ALEUDRIN. Trade name for carbamio 
acid ester of aa-dichloro»>opropyl alcohol. 

ALEURITES CORDATA (Steud.). The seeds 
of this euphorbiaceous plant, which is found 
largely in Japan, yield Japanese wood-oil 

ALEUBinO ACID v. Lao, Art. Rssihs. 


ALEURONE CRADIB. Organised mnules 
deposited In the cells of many seeds of plants, 
generally near the extmor, in which the proteins 
are mw.imy conce' trated. They were so named 
by Hartig, who Srst described them. In many 
plants, the aleurone grains possess the shape of 
crystals. Botanists, indeed, regard them as com 
sisting of two parts: (1) a crystalloid, ciystal- 
like protein body, and (2) one or more rounded 
globoids mainly compost of mineral matter, in 
which phosphoric acid, lime, and magnesia are 
usuidly the largest constituents. 

Wnen the aleurone mins exhibit the form 
of crystals, it is generally found that they are 
soft and swell up if treaM with weak acids or 
alkalis. The term ‘crystalloid,’ as used by 
botanists in this connection, has reference to 
the appearance of the aleurone grains, and not 
to their property of difiFusion when dissolved 
through membranes. According to Tsohirch and 
Kritzier (Chem. Zentr. 1900, ii. 685), the aleurone 
grains of a variety of plants consist mainly of 
globulins. The oiystalloids consist of at Imt 
two globulins, which are soluble in dilute, but 
insoluble in concentrated saline solutions (e.g, 
ammonium sulphate, sodium chloride with ^race 
of acetic acid, potassium dihydrogen phosphate). 
A small amount of an albumose is also probably 
present. The globoids contain a globulin and 
mineral matter, especially calcium, magnesium, 
and phosphoric acid ; tney are soluble in con- 
centrated solutions of ammonium sulphate, 
acidified sodium chloride, or potassium dihy- 
drogen phosphate. The grains with their en- 
closures are reserve-food materials which are 
consumed when the seed germinates. They 
originate as liquid * vacuoles,’ in wliich an in- 
creasing amount of protein material is gradually 
deposited. The germinating power of seeds 
probably depends upon the solubility of the 
crystalloids in dilute sodium chloride solution. 

According to Posternak (Compt. rend. 1005, 
140, 322), aleurone grains often contain anhydro- 
oxymethylene diphosphorio acid, or inositol 
phosphoric acid CBHs(P 04 H,)e (phytin). He 
round the folloiving amounts of nitrogen and 
mineral substances in the aleurone grains of 
(1) spruce fir, (2) sunflower, (3) hemp, (4) white 
lupin ; — 



Sodium and ohlorino were not found. H. I. is poisonous. 

ALFA V . Halpa, Rhodymenia pedmata (Linn.) (dulse, dylish, or 

ALFALFA. The Spanish name for lucerne, dellish) and Alaria esculenta (murlins) are used 
Medicago saliva (Linn.). as food by the peasantry of the HighlATida and 

ALFORMIN, A 16 p.o. solution of basic of Ireland. Porphyra laoiniaia (Light!.) (laci- 
aluminium formate. niated purple laver), very abundant om the 

ALGA!. ( Varech or Algues, Fr. ; Algen, Ger.). British coasts, is eoid in tkigland as laver, in 
A class of oryptogamous plants including the Ireland as sloke, and in Scotland as slaak. 
green, brown, and red seaweeds and vegetable Chondrus crispus (Linn.) (carrageen, Irish or 
plankton growing in sea-water, and allied mainly pearl moss) is collected on the west coast of 
green fresh- water plants, including diatoms, Ireland, and is frequently used there by painters 
desmids, and ‘ oonlerva ’-like forms. Many of and plMtorers as a substitute for size. It is 
the salt-water species are edible ; none of them also used in making jelliei^ Ac., in medicine ; 
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•nd a thick mncOaga toented with some prepared 
spirit is sold as * bandolin/ *6xature/ or 
‘clysphitiqae,* and is employed ‘or stiffening 

Amongst other algaa having an economic 
value are Ceylon moss or edible moss {Qracilarta 
lichenoides), found in the Indian archipelago; 
the agar-agar of Malacca, or agal-^al pf China, i 
which is derived from Orttcilaria liihenoides, \ 
Euekeuma sjnnoaum (Linn.) and other algae I 
(see Agar). The substance is now much used 
in bacteriological research as a nutrient jelly ; 
ifor gumminf^ silks, paper, Ac., and for making | 
a paste not liable to be eaten by insects. i 

Manna, or mannite, can be obtained from 
Laminaria saecharina (Lamx.) or sugar wrack, 
found on sandy shores, attached to pebbles. 

In Yezo (Japan) different species of Laminaria 
and Arthrothamnus are collected for use as 
edibles, and in large quantities as raw material 
for iodine manufacture and potassium salts. 
Other varieties commonly usea as a source of 
iodine are Kcklonia cava and E, hicyclis. 

Alginic acid (Algin) is prepared from Macro- 
n/atis pyrifera, found on the Pacific coast of 
America, by treating a sodium carbonate extract 
with hydrochloric acid, redissolving in sodium 
carbonate and reprecipitating with acid several 
times, then dissolving again in sodium carbonate, 
purifying the sodium alginate by dialysis, 
decomposing it with hytfiochloric acid, and 
purifying the alginic acid by dialysis. Alginic 
acid dried at 100° will absorb 200~to 300 times 
its weight of water. Its optical activity is 
\ 1 69*2°. The sugars produced by hydro- 
lysis with 2 p.c. hydrochloric acid gave a yellow 
osazone, m.p. 164°- 155°, closely resembling 
/•xylosazone, and also a red amorphous osazone. 

Algin probably consists of a complex com- 
posed of compounds of the pentosan type and 
cellulose. It has weakly acid properties, and 
the sodium salt precipitates many metals from 
solution (Hoagland, J. Agric. Research, 1916, 
4, 39 ; J. Biol. Chem. 1916, 23, 287. See Iodine. 

The following table shows the composition 
of various species of algae ; the quantity 
of nitrogen in some of them is remarkably 
large : — 


Alga 


C/umdrutcriepus, bleached 
from Bewlay Evans . 
Chondruaerupus bleached 
second experiment . . 

( 'hondtus €f%apus, un- 
bleached Bally oas tic . 
Chondnts erispus, un- 
bleached, second ex- 
periment . 

Oigartina fnamiUosa^ Bal- 
lycastle 

Laminana digitaia, or 
dulse tangle 
Rhodymema palmata 
Pcephyra lanniata . . 

\Sareophylha) edvlU 
Almria eseuUnta 




Per 

cent. 

Protein 

Water 

Dry 

matter 

nitro- 
gen in 
dry 
matter 

con- 
tained 
In dry 
matter 

17 92 

82-08 

1-634 

9-687 

j 19-79 

80-21 

1 486 

9 281 

! 21 47 1 

1 78-53 

2 142 

12-387 

1 19 99 

80 04 

2-510 

16-687 

! 21-55 

' 78 46 

2-198 

13-787 

21 38 

1 78 62 

1-688 

9-925 

10 56 

83-44 

3-466 

21-666 

17 41 

82-59 

4 650 

29 068 

19-61 

80*89 

3 088 

19*800 

17-91 

80-09 

2 424 

15-160 


Certain of the Laminaria, after washing to 
remove salts, are found to be suitable as fodder, 
and when mixed with hay and straw in lieu of 
oats are readily eaten by horses. Although 
poorer in oarbohydrates than oats the seaweed 
IS much richer in protein. 

In addition to the large amount of chlorine 
in marine algn (up to 38 p.c. of the ash) there 
are often not inconsiderable quantities of iodine, 
the presence of which is responsible for the 
employment of seaweeds in the composition 
of certain ‘ anti-fat ’ speoifios. 

Certain algas are oharac'tcristio of water con* 
taining sewage and putrefactive substances in 
quantity, and some algss play an important r6U 
in the disinfection of polluted rivers. 

ALGAROBILLA. Algaroftlla consists of 
the pods of CcBsalpina wevifolia. The tannin, 
whion appears to be a mixture of allagetannin 
and gallotannin, lies in semi-resinous particles 
adhering loosely to the somewhat open frame- 
work of the fibre. It is one of the strongest 
tannin matters known, and contains on the 
average 45 p.c. In character it resembles divi- 
divi, and its extract is somewhat prone to 
fermentation. It is very suitable for tanning 
and also for dyeing purposes. 

ALGAROTH, Mw6eR OF. Pulvis Alga- 
rotht, Knqlish Posvdcr. A crystalline oxy- 
chloride of antimony, obtained by pouring anti- 
mony chloride into hot water. Used m the 
preparation of tartar emetic (t>. Antimony). 

ALGARROBIN. A natural dye product, 
obtained from the wood of the oarob tree, 6Vra- 
lonia stliqva, found in the Argentine. Accord- 
ing to a report of the United States Oonsul- 
Oeneral at Isucnos Ayres, it is'largely employed 
in the Argentine for dyeing khaki cloth for 
military purposes, and some quantity is also 
imported to the Continent of Europe. It is 
said to dye the textile fibres a light brown 
colour, though if these be previously mordanted, 
more varied shades may bo obtained. As it 
acts also as a mordant for the coal tar ooloiirs, 
it would appear to be a tannin, and may be 
allied to ellagitannin, as its name suggests (ef. 
Aloauouii.la, I.C.). A. G. P. 

ALGIN. A nitrogenous body obtained from 
seaweed, somewhat resembling albumen (v. 
Algae). Used in the sizing and finishing of 
certain textile fabrics as a substitute for Irish 
moss (carrageen) ; should contain from 4 to 9 
p.c. of alginic anhydride (?>. Iodink). 

ALGIRON {Alginotd iron). Trade name for 
an iron compound of alginic acid (from seaweed) ; 
contains 11 p.c. iron. 

ALGODONITE. A copper arsenide of a 
stecl-grey colour. Found m the Lake Superior 
copper- mining district. 

ALGOL COLOURS v. Alizarin and altird 
<’ ui.oiJHivu mattkrh; Vat dyes. 

ALGOLAVE. Trade name for the salicylic 
ester of propyl oxyiwbutyric acid. 

ALHAGtCAMELORUM (Fischer), JAWASA, 
or JAWANI. A leguminous thorny shrub, 
widely spread from Greece to dry parts of India, 
where a drug extracted from .it is used for 
rheumatism, and also as a laxative and diuretic 
(Pharm. J. [3] 9, 146). 

ALIVAL. lodo hydroxypropane. 

ALIZARIN AND ALLiro COLOURING 
MATTERS. See also articles on Antwraobne, 
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Ahtbbaqttxvoks. Chat Root Maodhb, Mbtrtl 
Ahtbbacbne, Vat Dyes. Madder, SvUa 
tincioria, which was for a Ions time need on a 
laige scale in the ‘ Turkey-red ’ industry, con- 
talEi two colouring matters, alizarin and pur- 
purin, of which the former is by far the more 
impodrtant 

Alizarin is not found ready-formed in the 
madder-root, but exists there as a glucosidc 
called * ruberythrio acid,* which when allowed 
to ferment, or when boiled with dilute acid, 
splits up readily into alizarin and glucose. 

The colouring matter itself was first isolated 
from the madder-root in 1827 by Colin and 
Robiquet, who obtained it by extracting ground 
madder with hot water and subliming the puri- 
fied extract carefully in a glass tube. 

This method of suldiination was not con- 
sidered sufficient proof of the oxistcncct of alizarin 
in madder, and it was not till Schunck suc- 
ceeded in isolating this substance by chemical 
means from the madder extracts used by 
dyers that this important point was definitely 
settled. 

In assiming the correct formula to alizarin, 
considerable difference of opinion existed at first, 
owing no doubt to some extent to the difficulty 
experienced in obtaining alizarin in a condition 
pure enough for accurate analysis. 

Schunck proposed the formula C. 4 HX. 0 ., 
whilst Strecker believed it to be C,oU,Oj and 
related to ‘ chloroxynaphthalio acid * (cnloro- 
hydroxynapUthaauinono), a derivative of naph- 
thalene, since both these substances on oxidation 
yield phthalic acid. 

Strockcr*s formula was the more generally 
accepted by chemists, and chloroxynaphthalio 
aoid was looked upon as being simply cUorinatod 
alizarin, the two bodies being thus related : 


Alizarin. 


c,oH,ao, 
Chlorinated alizarin or 
Ghloroxynaphthalic aoid. 


In order to prove the relation supposed to 
exist between these two substances, it was only 
necessary to replace the chlorine atom in 
cliloroxynaphthalio acid by hydrogen, when 
alizarin should result. 

This operation was eventually accomplished 
by Martius and Griess, who obtained thus a 
substance of the formula CioHsO,, which was, 
however, not identical with alizarin, and wa« 
therefore supposed to be isomerio with it. 

Following these experiments of Martius 
and Griess, Graebo, in 1868, commenced his 
researoh on quinones, the working out of which 
led not only to results which proved beyond a 
doubt what the chemical nature of alizarin 
really was, but also eventually resulted in the ' 
artificial production of this important colouring 
matter. In pursuing this investigation Graebe 
succeeded in preparing chloranil CgCliO^, by 
treating phenm with potassium chlorate and 
hydroohloric aoid, and in acting on this with 
caustic potash he found that two of the atoms 
of chlorine in this compound became replaced 
by (OK), producing the potash salt of chloranilio ' 
acid CeCl,(OK)gO|, a change the knowledge of ' 
which proved to be of the utmost importance ) 
in his subsequent ex^icriments on the artificial ' 
production of alizarin. ' 

Ghloroxynaphthalic acid was now oonsideied 


by Graebe to be related to naphthalin in nmeb 
the same way as chloranil was to beosene^ i.e. to 
be a derivative of naphthaqninone. 

kkx>n after * au the attention ^ Graebe and 
Liebermann was turned to alizarin, which they 
also thought mi^ht belong to the quinone series. 

In determining the constitution of ^his 
substance, the first step was to obtain some 
information as to the nature of hydro- 
carbon from which alizarin was derived, and 
this was done in the following way: Alizarin 
prepared from madder was mixed with zinc-dust 
anti heated strongly in a furnace, according to 
Baeyer *8 method of reducing benzenoid com- 
pounds, and in this way a crystalline hydrocarbon 
was obtained having the composition CjgHio, 
which on examination was found to be identical 
with anthracene, a hydrocarbon nreviously ob- 
tained by Dumas and Laurent from coal tar. 
Using the information already obtained in the 
research on quinone, Graebe and Liebermann 
now assumed that alizarin must be a dihydroxy- 
quinone of anthracene, the relation of these 
substances to one anotlier being seen from the 
following formulae : — 

. 

Anthracene. 


Alizarin. 


CuHgOg 

Anthroquinone. 

Haying thus obtained anthracene from ali- 
zarin, it was now only necessary to reverse the 
operation and convert anthracene into alizarin, 
and the problem of the artificial production of a 
vegetable colouring matter would be solved for 
the first time. 

In 1862 Anderson, while inve.stigating anthra- 
cene, obtained from it by oxidation a substance 
of the formula CigHgOg, which he named ox- 
anthracene. 

In this substance Graebe and Liebermann 
recognised the quinone of anthracene (anthra- 
quinone), the first step in the synthesis of alizarin 
from anthracene, and in order to convert this 
quinone into alizarin all that was necessary was 
to replace two atoms of hydrogen in it by 
hydroxyl, an operation which is easily done in 
I the following way ; — 

I Anthraquinonc when heated with two mole- 
cules of bromine in sealed tubes is converted into 
dibromantbraquinone, thus : 

U,4HgOg-f2Brg«Cx4H,Br,0,+2HBr. 

This Bubstanoe when heated with potash ex- 
changes each of its bromine atoms for (OK), yield- 
ing the potash salt of alizarin, C, 4 H,(OK);Og, a 
ruction which is precisely similar to the forma- 
tion of chloranilate of potash from chloranil as 
described above. The potassium alizarate thus 
obtained, when decomposed with hydrochloric 
acid, yiclilcrl alizarin, and thus the problem of 
the artificial production of alizarin was solved. 

In considering this synthesis, perhaps the 
most remarkable fact, from a chemical point of 
view, is that, in consideration of the number of 
possible isomers of alizarin, just that dibrom- 
anthraquinone prepared by Graebe and IJeber- 
mann should on treatment with potash have 
yielded alizarin. Had this not l^n so, the 
artificial production of alizarin would no doubt 
have been very much delayed. 

The great importance of alizarin as a dyeing 
agent induced Graebe and Liebermann to patent 
this process, inhioh proved, however, to be of no 
commercial value, owing to the gri^t expense 
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attending the me of bromine and it was there- 
fore dewable to find some new method which 
would render their disoovery important from a 
manufacturing point of view, i ’ 

This was first achieved by W. H. Perkin > in 
the following way : — Sulphuric acid, as is well 
known, forms with many organic bodies com- 
pounds called sulphonio acids, which in composi- 
tion simply correspond to the substance acted 
on plus sulphuric anhydride. 

Thus benzene CnH, when treated with sul- 
phuric acid yields bcnzcnesulphonic acid 
CjHjSOjH; naphthalene naphthalene- 

su I phonic acid CioH^OjH. VVhen fused with 
caustic potash these sulphonic acids are split up 
into the potassium salt of the corresponding 
phenol and potassium sulphite, thus : 
C,HjSO,HH 3K0H=CeH50K+K,S08+2H,0. 
Similarly disulphonio acids when fused with 
potash are converted into dihydrio phenols, thus : 

CrtHd80sH)2^6K0H=CflH<g^ + K<SOs+4H.O. 

In this second exanipio it will be seen that a 
body is formed which bears the same relation 
to benzene as alizarin does to anthraquinone, 
and it was therefore probable that if anthraqui- 
none were subjected to a similar series of re- 
actions, alizarin would result. 

The great obstacle to carrying out this 
synthesis, in the first instance, was the remark- 
able stability of anthraquinone in general and 
particularly towards sulphuric acid, which is so 
great that it dissolves in moderately hot sul- 
phuric acid without change, and crystallises out 
again in needles on cooling. 

When, however, n mixture of anthraquinone 
and sulphuric acid was heated very stronaly, 
reaction did eventually take place, the product 
becoming perfectly soluble in water, the solu- 1 
tion now containing mono- and disulphonic acids 
of anthraquinone. 

After removing the excess of sulphuric acid 
from the new product, it was mixed with caustic 
potash, and heated to about 180°. 

During the heating the melt became darker 
and darker in colour, and eventually almost 
black, and on dissolving this in water a rich 
purple solution was obtained which when acidi- 
tied with dilute sulphuric acid gave a copious 
pre^itate of alizarin. 

Ine great obstacle to the preparation of 
alizarin — viz. the use of bromine — was thus re- 
moved, and, as the future has proved, a process 
had hem. obtained by which this colouring 
matter could be manufactured in quantity ana 
at a price bo cheap as entirely to supersede the 
old method of dyeing with the madder root. 

Another process for the manufacture of arti- 
ficial alizarin shortly, afterwards discovered by 
W. H. Perkin, and largdy used by him on a 
manufacturing scale, is the following 

Anthiacene is treated with cnlorino and 
thus converted into a beautifully c^stalline 
oonmoimd called dichloranthracene CiiH.Cl,. 

Hiis substance combines with Nordhausen 
sulphuric acid, forming a bright-green solution, 
which contains a sulphonic acid of dichloran- 
thracene. When heated with sulphuric acid 
this Bubetanoe undergoes a remarkable change, 

' It should be mentioned here that while these ex- 
penments were In progress, Osro, Oraebe and Lleber- 
maon were investigating the same reaction In Germany. 


hydrochloric acid and aulphurouB acid are 
evolvedt and a disulphonio aoia of anthraquinone 
formed, thus 


CuH,Cl8(S08H),+ H 8 S 04 
Bichloronthracene-diEUlphonic arid. 

-C,4TI408(S0,H),-1-2HC1+S0, 
AnUirsQulnona dlsnlphonlc arid. 


This anthraquinone disulphonio acid when 
fused with potash yields alizarin. 

Although other methods for the production 
of alizarin have since been devised, there is 
little doubt that the bulk of the alizarin of 
commerce is still obtained from * silver salt,' the 
name given in the works to sodium anthrn- 
quinono-2-Bulphonato. 

Alizarin, purpurin and similar dyes will not 
dye unprepared fabrics ; tbeffit must first of all 
be mordanted. 

The mordants used in this case consist of 
metallic hydroxides — e.g. of aluminium, iron, 
and chromium, (hloriclo of tin (tin crystals) is 
also extensively employed. 

With alumina mordants alizarin produces 
shades of red and pink ; with iron mordants, 
shades of blaek and purple ; with chromium 
mordants, a dull purple ; and with tin crystals a 
bright yellowish orange. Those mordants may 
also bo mixed and thus a large variety of different 
shades produced. A description of the method 
of application of those various mordants and the 
procossoR omployod in dyeing with alizarin will 
DO found in the article Dyms^i, 

Since the first production of artificial alizarin 
on the large scale, the study of this substance 
and of the various colouring matters related to 
it has received a largo amoqnt of attention at 
tho hands of chemists, the result being that a 
considerable number of derivatives of anthra- 
quinono have been prepared and examined. 

Most of these are either colouring matters 
themselves, or easily converted into such, 
several of them being obtained on tho large scale 
in the manufacture of alizarin. 

These derivatives may bo divided under the 
following heads : — 

( 1 ) Sulphonic acids of anthraquinone. 

(2) Monohydroxy an throquinones. 

(3) Dihydroxyanthroquinones. 

(4) Trihydroxyanthraquinones. 

(5) Higher hydroxylated anthraquinones. 

In this article are included tho two dyeing 

matters, Galloln and Cfrruleln, which are very 
closely allied to alizarin in tinctorial properties, 
and also a brief description of some acid wool 
dyes derived from hydroxy anthraquinones. 


Sulphonio adds of anthraquinone. 

Anthraquinone-1- (or a-) sulphonio add 

C.H,^gg>C.H,SO.H (1) 

It is a remarkable instance of the influence 
of a catalyst that whilst anthraquinone ordi- 
narily sulphonatcB in the 2* position, yet in the 
presence of quite small amounts of mercury the 
1- position is almost exclusively attacked. 

In preparing anthraquinone- 1 -sulphonio acid 
100 parts of anthraquinone are heatM for three 
hours at 130° with 110 parts of sulphuric acid, 
containing 29 p.c. sulphuric anhydride, and 
0*5 part d mercury. 

tlie free acid is easily soluble In alcohol and 
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water, its lead, barium, and strontinm salts are 
insolnble in hot water. The oalcium salt 
is foirly soluble, but crystallises on heating the 
solution. The potassium salt occurs in glistening 
yellow leaflets. 

Anthraqalnone-l : 5- and 4 : 8-disulphonie 
acids 



The further sulphonation of the a acid in 
presence of mercury leads to the formation of 
I : 6- anthraquinone disulphonic acid, mixed 
with i : 8- and ](,: 7- acids. The same mixture 
is produced by the direct sulphonation of anthra- 
quinone (100 parts) with 200 parts of sulphuric 
acid containing 40 p.c. sulphur trioxide, in the 
presence of mercury (1 part) at 160° for one 
hour. The mixture of acids is converted into 
calcium salt and fractionally crystallised. The 
calcium salt of the 1 : 8- acid is least soluble, 
the middle fraction is the largest and consists 
of 1 : 6-, whilst the calcium salt of 1 : 7> is 
easily soluble. 

Alternatively and preferably the acids may 
be separated by taking advantage of their 
different solubifities in sulphuric acid. The 
reaction mixture obtained in the above described 
preparation would be mixed with 100>200 
parts of sulphuric acid (60° Be.), and the 1 : 6- 
acid is then obtained in the omtalline condition 
and collected on asbestos. The 1 : 8-isomoride 
is precipitated from the filtrate on the addition 
of half its volume of water. Both acids are 
converted into potassium salts by adding 
potassium chloride to their hot aqueous solu- 
tions. The success of these sulphonationa 
depends very largely on the even distribution 
of the mercury oatmyst throughout the mass, 
and to attain this end the mercury may be 
introduced in the form of yellow mercuric oxide, 
or a mercurous or mercuric salt, and intimately 
mixed with the anthraquinone employed in the 
operation. The discovery of a simple method 
of manufacture of these a-sulphonic acids of 
anthraquinone led to a creat development In 
the anthracene series of dyes, especially in 
connection with the production of acid wool 
dyes of the type of Alizarin Saphirol, and a whole 
series of vat dyes, for example, the Algol 
colours (see Vat Dyes). 

The a-Bulphonio acids may also be obtained 
by the oxidation of the sulpho-derivatives of 
antliracene. Tims anthracene a- and 6-disul- 
phonic acids yield anthraquinone- 1 : 8- and 
1 : .1-disulphonic acids reroectively on treat- 
ment with nitric acid. Onlorine or bromine 
atoms in the alpha position in the anthra- 
quinone nucleus may be displaced in favour of 
the sulpho-group by treatment of these halogen 
derivatives witli aqueous sodium sulphite. 
Neither of these methods possesses technical 
importance. 

Literature . — Liebermann and Dehnst (Ber. 
12, 1288), Iljinsky (Ber. 36, 4194), Schmidt 
(Ber. 1904, 37, 66 ; Eng. Pat. 10242 and 13808, 
1903 ; D. R. P. 167123, 164292, and 167169), 
Cain (Intermediate Products for Dyes, Mac- 
millan. 1918, 243). 


Aiitlinmiilnoite-2- (or $•) lalphoiiie a«M 

C.H^gO>C.H.(SO,H). 

This acid is formed together with a certain 
amount of anthraquinone disulphonic acid by 
heating anthraquinone with fuming sulphuric 
acid to 170° or with ordinary sulphuric acid to 
260°-260°. 

In preparing it a mixture of one part of 
fuming sulphuric acid (containing 40-60 p.c. 
anhydride) and 1-1^ parts of anthraquinone is 
gradually heated to about 160° and kept at this 
temperature for eight or ten hours, the whole 
being well stirred during the operation. 

The product thus formed consists chiefly of 
the monosulphonio acid together with a little 
disulphonic acid and unchanged anthraquinone. 
On diluting with water the anthraquinone sepa- 
rates out, and can easily be filtered off, leaving 
the Bulphonio acids in solution. In order to sepa- 
rate the mono- from the disulphonic acid the 
clear filtrate is neutralised with carbonate of 
soda for caustic soda). This causes the difficultly 
soluble sodium salt of anthraquinone mono- 
sulphonio acid to separate out, leaviif^ the 
I easily soluble salt of the disulphonic acid iq 
I solution. 

The pasty mass obtained on neutralising 
with soda is thoroughly pressed, washed with a 
little water, and then u required pure reciystal- 
lised from this solvent. In this way a beautiful 
brilliant white scaly crystalline mass is obtained, 
which consists of pure sodium anthraquinone 
monosulphonate, the so-called * silver salt ’ of 
the alizarin manufacturer. This salt crystal- 
lises with IHjO, and 100 parts of water dis- 
solve 6*59 parts at 18°, and 18*88 parts at 
100 °. 

The free acid obtained by the addition of an 
acid to the soda salt crystallises in plates. It 
is very easily soluble in cold water and alcohol, 
but almost insoluble in ether. 

Diinschmann has pointed out that acids 
other than the ^-acid are obtained in this pro- 
cess and that, after the greater part of the 
* silver salt ’ has separated, further concentra- 
tion gives a product containing the two mono- 
sulphonio acids of anthraquinone mixed with 
the 2 ; 6-disulphonio acid. The final mother 
liquor contains the 2 : 7-disulphonic acid. A 
hot saturated solution of the mixed acids is 
treated with one-tenth of its volume of a 46 p.c. 
solution of sodium hydroxide and cooled to 56°- 
60°, whereupon most of the 2 : 6-acid separates 
as sodium salt, whilst on cooling the motlier- 
liquor sodium anthraquinone- 1 -siilphonate ciys- 
talLses. To avoid the formation of these by- 
products Grandmougin employs as sulphonating 
agent an acid containing only 16 p.c. SO, at 
160°, and under these conditions it is stated 
that only the j9-aoid is produced. 

When fused with caustic soda, this acid* (or 
rather its sodium salt) gives first hydroxyanthra- 

quinone C 6 H 4 <^q>C*H,OH, and then 

alizarin ; and, as will be shown later on, alizarin, 
when prepared on a manufacturing scale, is in- 
variably rermed from the monosulphonio acid of 
anthraquinone, not from the disulphonic acid 
as might be expected. The reason for this is 
that on fusing hydroxyanthraquinone with 
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caustic cods, a oontmuous process of oxidation 
and reduction is carried on, the change being 
represented by the following cr^uation ^ 

Ci4H,(0Nn)0,+Na0H+0 
Sudiom monobydroxyanthraquinonate. 

“0“«*(onSo*+oh. 

Sodium alisarate. 


the oxygen being supplied at the expense of a 
part of the hydroxyanthraquinone which is 
thereby reduced to anthraquinono. On the 
large scale this reduction is prevented by the 
use of chlorate of potash in the fusion. 

Literature , — Qraebe and Liebermann (An- 
nalen, 160, 131 ; 212, 44 ; Ber. 7, 806) ; Grand- 
mougin (Lehrbuch der Farbon Chemie, 4th ed. 
1913, 260) ; Diinschmann (Ber. 37, 321). 

Antliraquinone-2 : 6- and 2 : 7-disulphonic 
acids (a- and jS-disulphonio acids respectively). 


(Y 

SO.hV\co/\/ 


§o.h/Y^Y^so.h 

V\coA/ 


In the presence of the mercury catalyst anthra- 
quinone-2-sulphonio acid is attacked in the 
positions 6 and 8, yielding anthraquinono- 1 : 6- 
and 1 : 7-di8ulphonio acids, the constitutions 
of which have Deen proved by conversion into 
the corresponding hydroxyanthraquinones by 
heating under pressure with milk of lime. On 
the other hand, sulphonation, m the absence of 
mercuy, of either anthraquinono or its i9-sul- 
phonio acid, yields a mixture of the 2 : 6- and 
2 : 7-acid8. The higher the temperature the 
greater the iiroportion of the a- or 2 : 6-acid 
which is formed. 


(1) A mixture of 10 kilos of anthraquinone 
and ^ to 30 kilos of fuming sulphuric acid, 
containing 45-dO p.o. SO^i, is heated to a tem- 
perature of 160^-170^ until a sample taken out 
ui found to dissolve oomplotely in water. The 
product is then heated another hour to convert 
any mono- into disulphonio acid, poured into 
water, neutralised with caustic soda, and 
evaporated. — (2) 10 kilos of anthraquinone, 12 
kilos of hydrogen sodium sulphate, and 40 
kilos of ordinary concentrated sulphuric acid 
are heated under pressure for five or six 
hours to 260*^, the product treated with water, 
and the acids converted into sodium salts as 
above. 

In concentrating the solution of the sodium 
salt obtained by either of the above methods, 
the sodium salt of the a-acid crystallises out 
first, the more readily soluble salt of the /8*acid 
remaimng in the mother-liquors, and thus by 
repeated recrystallisation, the two acids are 
easily separated from one another. 

The free acids obtained by decomposing the 
salts by an acid are both readily soluble 
in alconol and water, but insoluble in ether 
and benzene ; the a-aoid crystallises in small 
yellow crystals, the ^-aoid in beautiful yellow 
plates. 

The salts of the a-aoid are sparingly soluble 
in water and crystallise with difficulty ; those of 
the jS-acid are readily soluble and crystallise 
with the greatest ease. 

The sodium salt of the a-acid orysialliscs 
with 7H,0, that of the /S-acid with 4H4(). 

Literature, — Schult/. (Chomio des Stein- 
kohlentheers, 700, 712); Perkin (Chem. Soo. 
Trans. 1870, 133) ; Graebe and Lieiiermaiin 
(Annalen, 160, 134) ; Crossley (J. Amer. Cheni. 
Soc. 1916, 37. 2178). 

The relation of the various colouring matters 
of this group to anthracene, anthraquinono, and 
its sulpnonio acids is easily understood from the 
following table (Schultz) : — 


Anthracene 


Anthraquinone- 


I 


(a- & /S-) Anthracene disulphonic acids 


(a- A ^•) Monosulphonio acid (a- A $•) Disuiphonio acids 


(x* & P') Disulphonio acids 


a- A iS-Hydroxyanthraqnmones Anthraflavio acid iBoanthraOayic acid Chrysazin Anthrarufin 

1 I III 

Alizarin Flavopurpunn Isopurpurin Hydroxy- Hydroxyan- 

(Antbrapurpurln) chrysazin tbraruhn 


The behaviour of the anthraquinone disul- 
phonic acids on fusion with potash is exactly 
similar to that of the monosul^onic acid. J ust 
as this acid on fusion with potash Is first con- 
verted into monohydroxyanthraquinone and 
then by oxidation into dihydroxyanthraauinone 
(alizarin), so the anthraquinone disulphonio 
acids in the first place yield the corresponding 
dihydroxyanthraquinones, which then by the 
further action of the potash are converted into 
trihydzozyanthr^uinones. 

The wphonio adds of anthraquinone are 


important intermediates apart from their con- 
version into the various hydroxy derivatives. 
The Bulphonio group may be displaced by 
amino, alkylamino-, and arylamino- groups, 
usually by treatment with ammonia or an 
amine at a high temperature and occasionally 
in the presence of a copper compound, sodium 
carbonate, or an oxidising agent. Moreover, the 
ohbro- derivatives of anthraquinone are most 
oonyeniently pr^ared by the action of sodium 
chlorate on a solution of an anthraquinone 
sttlphonic acid in dilute hydrochloric add at 
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00*'->i00°. For example, 1 : S'dichloroonthia- 
quinone uaed tor the manufacture of Indanthrene 
violet B.N. is obtained in this way from 
anthraquinone-1 : C-disulphonic acid (D. R. P. 
205196J: 

Hydroxyanthraquinones. 

1. Monohydroxyanthraquinones 

«A<co>C*H.OH 

1- Hydroxyanthraqulnone. Erythroxyanthra- 
quinone. 

This substance is formed together with 2- 
h)rdroxyanthraqumone by strongly heating a 
mixture of phenol and phthalio annydrido with 
sulphuric acid 

o.h.<^>o+c'h.oh 

•=C.H.<^>C.H^0H)+H,0 

Also by heating l-bromanthraquinone with 
potash to or by acting on l-amidoanthra- 
quinone with nitrous acid in concentrated 
sulphuric acid solution. 

The most satisfactory method of prepara- 
tion consists in heating anthr^uinone-l-sul- 
phonic acid with water and an oxide, or hydrox- 
ide of an alkaline earth metal under pressure. 

. 1-Hydroxyanthraquinone oiystallises from 
alcohol in orange-red needles which melt at 
100°. When fused with potash it gives alizaiin. 
The substance does not dye mordanted fabrics. 

1-Aootoxyanthraquinone, prepared by boil- 
ing erythroxyanthroquinone with acetic anhy- 
dnde and somum acetate, crystallises in yellow 
needles from alcohol and melts at 176^-170°. 

1-Methoxyanthraquinone is obtained by 
the action of boilmg methyl alcoholic potash on 
^ 1 -nitroanthraquinone. 

This is the simplest example of a very general 
reaction in the anthraquinone series. The sub- 
stance is yellow, miorocrystalline, and melts at 
140°-145‘». 

Literaltire. — ^Baeyer and Caro (Ber. 7, 969) ; 
Pechmann (Ber. 12, 2128 ) ; Bonier (Ber. 15, 
1793), Liebermann and Hagen (Ber. 16, 1804) ; 
Hoechste Farbwerke (D. B. P. 97688). 

' 2- Hydroxyanthraqulnone. 

This substance is obtained synthetically (to- 
gether with erythroxyanthraquinone) by heatmg 
a mixture of phenol, phthalio anhydndo, and 
sulphuric acio. The mixed hydroxyanthra- 
quinones can be separated by means of baryta 
water, since the barium salt of 1- hydroxy- 
anthraquinone is insoluble, whilst the 2- hydroxy 
compound is easily soluble. It crystallises from 
alconol in yellow plates which melt at 323° and 
readily sublimes at a higher temperature. 

It can be obtained in various ways from 
anthraquinone or its derivatives. 

An easy preparation consists in melting 
anthraquinone sulphonic acid or 2- bromanthra- 
quinone with potash. 

The action of ammonium persulphate on a 
solution of anthraquinone in concentrated sul- 
phuric acid containinu sulphur trioxide leads 
to the production of 2-hyclioxyanthraquinone, 
alizarin, and puipurin. 

Alizarin is reduced to 2'hydroxyanthra- 
quinone by the aotimi of aJkmine stannous 
ohloride; or alkEaiin amide, obtained by the 


action of ammonia on alizarin, yields this sub- 
stanco when treated with ethyl nitrite. 

A f ve^ curioYS reaction of this hydrozy- 
anthraquinone, and one which involves migra- 
tion of an oxygon atom, is its conversion to 
quinizarin by treatment with nitrous acid in 
sulphuric acid solution and in the presence of 
bone acid. 

Literature . — Graebe and Liebermann (An- 
nalen, 160, 141) ; Baeyer and Caro (Ber. 7, 
969) ; Liebermann and Fisher (Ber. 8, 975) ; 
Liebermann (Annalen, 183, 208) ; Wacker ( J. Pr. 
Chem. [2] 64, 89) ; Bayer & Co. (D. B. P. 86830). 

Dlhydroxyanthraqulnones. 

Alizarin 

1 : 2-dihydroxyantliraquinone 



Alizarin occurs in madder as the glucoside 
ruberythrio acid, and also in Chay root {Olden- 
landia un0)dl(ita) and some species of rhubarb. 

It is obtained from its glucoside by the action 
of dilute acids or of ferments. 

. + 2H.0 - C,4H«0, + 2C.H, Jo,. 

Ruberytliriu acid. Alisarln. Qluoose. ' 

It may bo prepared artificially by many 
methods. 

Thus alizarin is produced by fusing dichlor- 
anthraquinone, dibrom anthraquinone, anthra- 
quinone, mono- or di-sulphotiio acids with 
potash. Riifigallio acid yields alizarin when 
reduced with sodium amalgam. 

On the other hand, anthraquinone may be 
directly oxidised to alizarin by the action of 
ammonium persulphate in concentrated sulphuric 
acid solution. 

Good yields of alizarin are said to be obtained 
by heating antliraquinone with sodium chlorate 
and a mixture of sodium and potassium hy- 
ilroxidcs in aqueous solution at 200°. Tliis 
process is used for the manufacture of alizarin, 
but it is not clear that it has entirely displaced 
the older process shortly to be described. 

Hystazarin undergoes isomeric change to 
alizarin when heated with concentrated sulphuric 
acid to 200° for two and a half hours. 

Alizarin may be synthesised by processes not 
involving the intermediate formation of anthra- 
quinone. 

Together with hystazarin it is produced when 
a mixture of catechol and phthalio anhydride is 
heated with sulphurio acid at 200°. 

C.H.<gg>0 + C.H.{0H). 

Phthalio anhydride. Catechol. 

- : 2 + H.O. 

Alizarin. 

A method somewhat similar in principle is 
the following : — 

Hemipinio anhydride condenses with benzene 
in the presence of aluminium chloride, yielding 
the methyl ether of dihydrozybenzoylbenzoio 
aoid. Thk latter substance, on treatment wi^ 
hot sulphurio acid, is converted into alizarin 
methjirl ether, which is hydrolysed by aluminium 
chloride to alizarin. The fallowing formubs 
represent this series of reactions 
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\/Nx/ 

f T I j + CH,Cl 

-» «yy"^A+».o. 

Alizarin methyl ether. 

Lagodzinski has oonverted 1 : 2-antliraqui- 
none into alizarin by reducing this o-quinone to 
1 : 2-dihydroxyanthracenOf the diacctyl doriva* 
tive of which yields diaoetylalizarin on oxidation 
with chromic acid in acetic acid solution. The 
diacetate is then hydrolysed. 

Finally, alizarin is frequently formed in 
relatively small proportion in the reduction of 
Lnitroanthraquinone, for example, by moans of 
todium sulpliide. 

Makufactubk of Alizaaik. 

1. Anthraquinoiie process. — Anthracene, the 
basis of alizarin, is obtained entirely from the 
coal-tar oils boiling above 300^, the so-called 
* last runnings* of the tar distiller. These 
heavy oils are redistilled and the anthracene 
oils collected as soon as the distillate on cooling 
commences to solidify. In this way a semi- 
solid greenish-looking mass is obtained, which, 
after roughly freeing from excess of oil by treat- 
ment in hydraulic presses, is the starting-point 
in the alizarin factory. This crude product con- 
tains only about 3(M0 p.c. anthracene, the re- 
mainder consisting of pnenanthrene, naphthal- 
ene, carbazol, and small quantities of other 
hydrocarbons. 

The first operation necessary in the manu- 
facture of alizarin is that of purifying the crude 
anthracene obtained from the tar distillers, in 
order to obtain a' product fit for the subsequent 
oxidation to anthraquinone. 

This process of purification varies consider- 
ably in different countries, but the following 
method may be given as having been used with 
much success. 

The crude anthracene is first nound betw^n 
od^e-runners, and then thoroughly agitated with 
bouing petroleum spirit in large iron vessels 
fitted with stirrers and heated with steam. 

About 1500 to 1800 lbs. of crude anthracene 
and 300 gallons of petroleum spirit are used in 
one operation, the amoimt of the latter varying 
slightly according to the quality of the anthra- 
cene employed. After boiling for an hour or 
two, the product is allowed to cool, filtered 
through coarse canvas, and the anthracene on the 
filter washed with a little clean petroleum spirit. 
The pasty mass thus obtained is next treated 
with steam to remove the excess of petroleum 
spirit, and then sublimed. The sublimation pro- 
cess is best carried out by melting the anthra- 
cene in an iron pot, called the * subliming pot,’ 
and then blowing in superheated steam. This 


carries the anthracene vapour forward through 
a long pipe, where it meets a spray of water, 
which serves to condense both it and the stear'. 
The anthracene is thus obtained in an extremely 
finely divided states much more suitable for 
oxidation than when simply ground under edge- 
runners as it used to be. Another process of 
puriiication of anthracene consists in washing 
in a neutral solvent, such as coal tar naphtha, 
with concentrated sulphuric acid. This treat- 
ment removes the basic impurities, and the 
anthracene is further purified by sublimation. 
The next step consists m converting the anthra- 
cene into anthraquinone by oxidation with 
bichromate of potash (or soda) and sulphurio 
acid — an operation which is usually done in the 
following way : — ^The anthraqpne is placed in 
lead-lined tanks with about twice its weight 
of the bichromate (dissolved in water), tho 
requisite amount of dilute sulphurio acid is 
Flowly added, and the mass kopt well boiled 
and agitated by a steam jet connected with a 
Korting*s injector. 

The whole is then transferred to settling 
tanks, the crude yellowish-brown anthraquinone 
well washed by decantation until free from green 
-chrome liquors, well drained, and freed from 
water as completely as possible by placing it in 
oanvas bags and exposing it to great pressure in 
a hydraulic press. The amount of oxidiser re- 
q^uired to convert the crude anthracene into an- 
tnraquinone is of course regulated by the purity 
of the sample employed, pure anthracene re- 
quiring about 1*60 times its weight of potassium 
bichromate to convert it into anthraquinone. 

Instead of potassium bichromate, the sodium 
salt is now very often used on account of its 
ohe^neas. 

T^he anthraquinone thus obtained is still veiy 
impure, and must be carefully purified before it 
can be converted into sulphonio acid. In puri- 
fying anthraquinone two methods may be 
employed : 

(1 ) The anthraquinone is sublimed, and then, 
if necessaiy, recrystallised from high boiling 
coal-tar naphtha. 

(2) The anthr^uinone is treated with con- 
centrated sulphurio acid. 

When the first process is employed, the an- 
thraquinone is molted in iron pots and subjected 
to the action of super-heated steam. The steam 
carries the vapour of the anthraquinone with it, 
and on condensation a fine, almost impalpablo 
powder is obtained, which, when dried and re- 
crystallised from high-boiling coal-tar naphtha, 
consists of nearly pure anthraquinone. 

In this country this process has now been 
almost abandoned ; method (2) having entirely 
taken its place. 

The working of this method is based on the 
fact that crude anthraquinone when treated with 
sulphuric acid at 100^ dissolves, but is not acted 
on. The impurities, however, become converted 
into sulphonio acids, which, ^ing easily soluble, 
can be removed by treating the pr^uctwithwater, 
when nearly pure anthraquinone is left behind. 

In carrying out this operation a mixture of 
1 part of crude anthraqimione and 3 parts of 
sulphurio acid is placed in large cirouiu lead- 
line iron pots, and heated by steam for twenty- 
four hours, the whole being oontinuously agitated 
by a stirrer. 
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The blaokuh-looking product is then run into 
shallow tanks, and exposed to the action of damp 
air, or a gentle current of steam, until the acid 
has become diluted. In a short time anthiaqui- 
none separates out as a l^ht-brown crystalline 
powder, which, after washi^ by dilute soda and 
by decantation, pressing, and thoroughly 
drying, is found to contain about 05 p.c. of 
pure substance. 

^ According to recent patents anthraquinone 
IS best puriled by crystallisation from liquid 
sulphur moxide or from aniline. 

The following account of the manufacture 
of anthraquinone is given by Cain (Manufacture 
of Intermediate Products for Dyes,^. 235) as an 
abstract of a communication by Grandmougin 
(Kev. prod. chim. 1917, 20, 20) : — * The oxidation 
is effected in lead-lined tubs of about 10-12 
cubic metres* capacity (about 2500 gallons), 
fitted with lead-covered agitators ana direct 
steam pipes, ako of lead. 160 kilos of sublimed 
anthracene are mixed with 3000-4000 litres of 
water, and the mixture is heated at 15** ; 2000 
litres of a solution containing 300 kilos of sodium 
diohromate and COO kilos of sulphuno acid 
(C6** Be.) are now run in slowly, the temperature 
being gradually raised to about 05^. The 
oxidation requires twelve to sixteen hours, and 
it is important not to add the chromic acid 
solution too quickly or to work in a too con- 
centrated solution, otherwise much frothing 
occurs. 

* Tests are made by filtering a sample, 
wuhing, and subliming It over a naked flame. 
With a little practice it is easy to distinguish 
the fine needles of anthraquinone from the 
silvery leaflets of anthracene. The absorption 
of the chromic acid can also be ascertained by 
titration with ferrous sulphate. When the 
operation is finished, the contents of the tub 
are run into an egg and blown through a filter 
press, where the anthraquinone is thoroughly 
washed, the filtrate being collected in order to 
recover the chromium. The yield from an 
anthracene of good quality is about 110 parts 
of anthraquinone from 100 parts of anthracene. 
The anthraquinone so obtained is purified by 
sublimation with super-heated steam ; the pan 
is heated by super-heated water and the sublimed 
anthraquinone condensed by means of a water 
let.’ 

Other processes for the oxidation of anthra- 
D^e have been suggested but have not yet 
displaced the chromic acid method. A brief 
lumma^ of these methods may be appended : — 

(1) Oxidation of anthracene by oxides of 
aitrogen and air or oxygen alone or in the 
presence of various catfdysts or substances 
sapable of absorbing the oxides of nitrogen. 
Dooaaionally the anthracene is mixed with 
leutral substances, such as powdered glass or 
3umioe. In one process anthracene is added to 
% solution of nitrogen peroxide in nitrobenzene 
uid the temperature gradually raised to 100”. 
Anthraquinone is formed, and the nitric oxide 
B recovered and converted into peroxide for 
ise in a further operation. 

(2) Oxidation of anthracene by nitric acid. 
Fhis is usually carried out in nitrobenzene 
nlution and sometimes in the presence of 
nercurio nitrate. 

(3) Oxidation of anthracene bv means of 


socilum nitrate in the presence of magnesium 
chloride between 125” and 145”. 

(4) Oxidation of anthracene by oxygen in 
the presence of tiqueous ammonia and copper 
oxide at 170”. Nickel, cobalt, iron, and 1^' 
compounds may be used as oabdysts instead ol 
copper oxide. 

(5) Klectrolytio oxidation of anthracene may 
be carried out in a chiomio acid bath or in 20* 
p.o. sulphuric acid solution in the presence of' 
cerium sulphate. 

(6) Oxidation of anthracene by means of 
ozonised air. In this case the hydrocarbon is- 
dissolved in sulphuric acid. 

(7) Oxidation of anthracene by means of a 
chlorate m aqueous solution m presence of aii> 
iron salt. 

The following patents deal with the oxida- 
tion of anthracene : Eng. Pate. ^39, 1892 ; 
17636, 1901; 759, 1882; 19178, f902 ; 8431, 
1887; 16312, 1909; 11472, 1910; 12055, 19M ; 
5514, 1915. Fr. Pats. 220621, 149017, 32806!>,. 
416735, 472216. U.S. Pats. 729602, 767136,. 
1083061, 1103383, 1119546. Ger. Pats. 68474,. 
137495, 21681, 109012, 152063, 215335, 207170. 
234289, 264710, 266623, 268049; Anm.* 11 
61262, 292681. 

The next stage in the manufacture of alizarii 
is the conversion of anthraquinone into it; 
sulphonio acid. 

This operation, which consists in heaiiiq 
anthraquinone with fuming sulphuric acid, ie 
conducted in lasge iron pots oapablo of holding 
from 30 to 40 gallons. The amount of fuming 
sulphuric acid employed depends on the nature 
of the sulphonio acid required. In preparing 
the monosulphonio acid, 1 part of fuming aciu> 
(contained 40-60 p.o. SOg) and 1 to'lj parts ofi 
anthraquinone are used. 

The mixture is gradually heated by means of 
an oil-bath to 170”, or oven to 190”, and kept at 
this temperature for eight or ten hours, the< 
stirrer being kept constantly in motion. 

^ The product, which contains, besides anthra- 
quinonemonoBulphonio acid, a little disulphonic 
acid, and some unacted-on anthraquinone, is- 
diluted with water, passed through a filter-press- 
to remove the antliraquinone, and neutralised* 
with caustic soda. 

^ In a short time the whole becomes quite* 
thick owing to the separation of the spar ingl y 
soluble soda salt of anthraquinonemonosui' 
phonic acid, the easily soluble salts of the di- 
sulphonio acids remaining in solution. 

The crystalline salt is collect^ in filter- 
presses, washed with a little very dilute sul- 
phurio acid, and thus obtained practically pure' 
in beautiful, brilliant, pearly scales. 

In preparing the disulphonio acids of anlhra- 
^inone, the operation is similar to the above, 
the only difference being that more fuming 
sulphurio acid is used and the sulpbonatioD- 
conducted at a much higher temperature* 
(about 260”). 

The next operation oonsiste in the conversion* 
of the product just described, and called * soda 
salt,' into colouring matter, a change which is> 
accomplished by heating it strongly with caustic 
soda and a little potasuum chlorate. 

If the potassium chlorate is not added, a- 
considerable loss is incurred owing to the re- 
ducing action of a large quantity of nascent 
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always formed dariiis the fuaion, 
which converts the soda salt parually into an- 
thraquinone and hydroanthraquinone. The 
fusion is conducted in large wVought-iron^cylm- 
ders fitted with stirrers and heated with hot air. 
'ITie usual charge is 700 lbs. caustic soda (70 p.o.) 
dissolved in water, 1300 lbs. of a concentrated 
solution of *soda salt/ and 13 to 16 p.o. of 
potassium chlorate, the amount of this latter 
substance varying slightly with the nature of 
the salt used, the monosulphonio salt requiring 
more chlorate than the dismphonio salt. 

The temperature is maintained at about 180" 
for at least twenty-four hours and often much 
longer, the progr^ of the decomposition being 
controlled from time to time by extracting smaB 
quantities of the melt and examining them in 
the laboratory. 

The product thus obtained is an Intense 
pur^ple fluid, becoming thick on cooling and con- 
taining the colouring matter as sodium salt 
besides sodium sulphite and an excess of caustic 
soda. 

To separate the colour the melt is run into 
large wooden tanks, diluted with water, and 
boiled with dilute sulphuric acid. 

^ This causes the solution to become oraiTge in 
colour owing to the precipitation of artificial 
alizarin. 

After being allow'ed to settle, the supernatant 
liquor is run off, the alizarin forced into filter- 
presses and carefully washed until free fiom 
acid and saline matter, llio colouring matter 
is then made up to a definite strength (10 p.c. or 
20 p.o. paste as required) by transferring it to 
large wooden tuba fitted with powerful stirrers, 
and thoroughly mixing it with water. 

. Pure alizarin thus prepared produces a blue 
shade of Turkey-red, and anthrapurpurin (pro- 
duced by fusing sodium anthraqumonedisulpho- 
nate with caustic soda) a red shade, so that by 
varying the amounts of these two constituents 
any intermediate shade required by the market 
can be obtained. 

The foregoing may be now supplemented by 
a description oi the manufacture of alizarin 
which 18 given by Ullmann. The sulphonation 
of anthraquinone is carried out in acid-resisting 
cast-iron vessels heated by super- heated steam. 
The pots have a diameter of 1166 mm., and 
height of 1236 mm., and are surmounted by 
covers which are fitted with a manhole, stirrer, 
pipe for introducing pressure, plunging tube for 
thermometer, and a contrivance for wo automatic 
registration of temperature. 300 kilos of 
sublimed anthraquinone and 200 kilos of 
recovered quinone (the portion of the substance 
which is recovered from the sulphonations) are 
mixed with 400 kilos of oleum (20p.c. SO,) and 
200 kilos oleum (60 p.c. SO^i), ana the mixture 
heated at 146" during eight hours. This pro- 
cedure may be moditied by introducing halfthe 
amount of acid and heating four hours, after 
which the remainder is introduced during three 
hours more, and in one or two portions. Before 
the reaction mass cools it is forced into a lead- 
lined vat containing 1*5-2 cbm. water with 
omitinuous stirring. Further dilution to 6 
ohm. is then ma£, and the mixture heated 
by the introduction of steam. Between 80 and 
l20 kilos of anthraquinone remain unattached 
and are recovered ‘fcy filtration through a press. 


The filtrate is mixed with 86 kilos caustic soda 
an amount which still leaves the liquor strongly 
acid, being only about three-eightbs of that 
bheoretioalTy required for neutridisation. The 
difficultly soluble ' silver salt * separates, and is 
collected in a press. The filtrate is submitted 
to vacuum evaporation to 22"-23" Bd. (measured 
while hot), and underneath the evaporator 
there is a vat provided with stirring apparatus, 
and into which the liquor is allows to run fqf 
crystallisation. The process is facilitated by 
providing the vat with a double jacket for 
cooling. The ‘ silver salt * is collected in a 
filter press and washed with brme, in which it 
is sparingly soluble. The yield of dry salt 
amounts altogether to 460-600 kilos. It 
requires no further purification for the prepara- 
tion of alizarin of oluish slftide. The mother- 
liquor from the monosulphonate is neutralised 
with lime, and the gypsum separated, after 
which the calcium ^ts are converted into 
sodium salts by means of sodium carbonate and 
the solution again filtered from chalk. Evapora- 
tion yields the 2:6- isomeride, and finally the 
2:7-, but it IS perhaps more usual to blow the 
concentrated mixture directly into the alkali 
fusion apparatus. The fusion of silver salt with 
alkali is carried out in a series of horizontally 
placed cylinders provided with stirring gear and 
heated by means of super-heated steam. They 
have to be capable of resisting a pressure of 12 
atmospheres. The capacity is about 3660 litres, 
and they are about 2000 mm. long and have an 
inside diameter of 1400 mm. The following 
example of a fusion may be regarded as typical ; 
1687 cbm. of caustic soda solution (46" Bd.) 
containing 1030 kilos NaOH, together with 125 
kilos saltpetre, are introduced into the pot and 
heated to about 126", after which 626 kilos of 
moist silver salt (66*4 p.c.), corresponding to 416 
kilos of the dry substance, are gradually added. 
The temperature is then raised to 180", and the 
pressure roaches 4-4*6 atmospheres. After 36- 
48 hours the process is usually complete. This 
is confirmed by testing a sample by boiling with 
milk of lime, filtering from the sparingly soluble 
calcium alizarate and acidifying the filtrate, 
when an incomplete operation is indicated by 
the separation of golden flakes of oxyanthra- 
qninone. The melt is diluted down to 6" Bd. 
in large lead-lined tanks, and acidified at 60" 
with sulphuric acid. For alizarin of especially 
blue sh^e the diluted alkali fusion melt u 
treated in boiling solutipn with milk of lime 
until a drop of the liquid placed on filter- paper 
gives a clear red rim. The calcium salt is then 
separated and decomposed with hydrochlorio 
acid. The precipitated alizarin is collected in 
filter presses and washed until the filtrate is 
free from acid. The press-cakes are analysed for 
content of anhydrous ash-free alizarin, and on 
the basis of the analysis a 20 p.c. paste is mode 
in a special mixer made of piten pine. The 
paste has a thin appearance, but if it should be 
desired thicker it suffices to add 0*6-1 p.c. of 
salt. The thickening of the paste which follows 
is a most singular ^enomenon, and resembles 
in appearance the suting out of a dye although, 
of course, the suspended solid is not increased 
in amount. For some Eastern markets a stUl 
thicker paste is prepared by the addition of 
glycerin, dextrin, molasses, or starch. Alisarin 
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io lumps ol SQth a ciisracter that paste may bo 
prepare from them as desired is made by mixing 
20 p.o. paste with starch, and then filtering off 
and very carefuUv and gradually drying the 
mixture. As much water as possible is removed 
by pressure, and the remainder in a vacuum at 
a temperature not exceeding 60°. During the 
whole process of alizarin manufacture it is most 
important that the water used should bo soft 
dbd as free as possible from iron. Iron in the 
water will absolutely ruin the value of a batch 
of alizarin from the point of view of purity of 
shade. If through some defect in the apparatus 
a batch should become contaminated it is 
useless to attempt to purify the dye by solution 
in alkali, and reprecipitation with acid in view 
of the circumstancff that the objectionable iron 
derivatives (c/. the alizarinferrates below) are 
reprecipitated along with the colouring matter. 
The best treatment is with hot dilute hydro- 
chloric acid and just sufficient potassium chlorate 
to produce a clear yellow colour. 

2. Dichloranlhracene process . — In manufac- 
turing alizarin by this [irocess, which appears 
to have been abandoned in favour of that already 
described, it is necessary, in the first place, 
to purify the anthracene used much more 
thoroughly than is the case in the anthra- 
quinone process. 

For this purpose the anthracene, after washing 
with petroleum spirit as described in the last 
process, is submitted to distillation with potash. 
This removes the carbazol and the phenolie sub- 
itances present in the crude anthracene, and as, 
besides this, a considerable quantity of the other 
impurities are charred during the distillation, 
the anthracene resulting, although still very im- 
pure, is found to be greatly improved in quality. 

In carrying out this operation 100 parts of 
washed anthracene, 30 parts of potash, and 6 
parts of powdered lime are thoroughly ground 
together under edge-runners, the mixture intro- 
Juced into iron retorts and distilled. The dis- 
tillate, which consists of pale-yellow cakes con- 
taining about 50 p.c. of pure anthracene, is now 
mfficiently pure for conversion into dichlor- 
mthracene. 

In chlorinating anthracene, leaden chambers 
ire used, teohnioaliy known as * chlorine ovens.’ 
These are 10 ft. long, 4 ft. 6 in. wide, and 1 ft. 6 in! 
Icep, and are used in pairs, connected at one 
md in order that any chlorine escaping from the 
Qrst oven mav come in contact wi^ a fresh 
imount of antnracene and thus prevent loss. 

400 lbs. of anthracene are put into each oven, 
&nd subjected to the action of a rapid current of 
chlorine for about five or six hours. 

The anthracene first fuses and gets dark in 
colour, hydrocliloric acid being evolved in abun- 
ianoe ; but after a time this fluid product begins 
’A) deposit crystals and soon becomes a semi- 
>olid mass. In order to purify this crude pro- 
duct, it is freed from hydrochloric acid by 
washing with dilute caustic soda, and then 
pressea between linen cloths in a hydraulic 
press, by which means a considerable quantity 
it a thioK dark oily product, technically kno\in 
Eus * chlorine oils,* is got rid of. 

The yellow cakes of dichloranthracene thus 
obtained are still not pure enough for use; they 
must next be soaked in ooal-tar naphi^ for 
Bome time and pressed, this operation being re- 
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peated until a product is obtained which con- 
tains 84 p.c. of pure substance. 

Th« next prooevsB consists in converting the 
dichloranthracene into the sulpho- acids of 
anthraquinonc by treating it with ordinary con- 
ccntratkl sulphuric acid. This deedbn position 
is accomplished in iron pots capable of holding 
about 30 gallons and fitted with iron covers in 
which there is an opening for the escape of the 
acid vapours formed during the reaction. 

These pots are charged with 350 lbs. of con- 
centrated sulphuric acid and heated to 140°-160* 
by means of an ordinary fire, the dichloranthra- 
cene (70 lbs.) being shovelled in in small quanti- 
ties at a time. After all the dichloranthracene 
has been added and the frothing due to the 
evolution of the hydrochloric and sulphurous 
acids produced during the decomp5sition hns 
subsided, the temperature is gradually raised 
to 260° and then maintained at this point until 
a sample taken out on a glass rod and diluted 
with water forms a nearly clear solution devoid 
of fluorescence. 

The product contains now the mono- and 
disulphonic acids of anthraquinone, the latter of 
which greatly predominates. 

These crude sulphonio acids are next diluted 
with water in a large wooden tank and boiled 
with slaked lime until neu trained. The neutral 
product is then forced into filtiT presses to sepa- 
rate the calcium sulphate, the clear filtrate mixed 
with the washing of the calcium sulphate, evapo- 
rated until it contains about 15 p.c. of lime 
salts, and then treated with sufficient sodium 
carbonate to precipitate all the lime as carbonate. 

The solution of the sodium salts of the sul- 
phonio acids is siphoned from the precipitated 
calcium carbonate, concentrated until it contains 
30 p.c. of soda salts, and then converted into 
colouring matter by fusion with caustic soda, as 
described in the last process. 

3. Direct conversion of anthraquinone into 
alizarin . — In the preparation of anthraquinone- 
jS-sulphonic acid it is very difficult to avoid the 
production of some disulphonic acid, and even 
if the alizarin is purified as described below, the 
shades obtained on mordanted fabrics arc nut 

pure dyestuff. The BaJische Anilin und Soda 
Fabrik claim (D. R. P. 116526) that a remarkably 
pure alizarin dyeing bluish shades of alizarin 
red on the usual alumina mordant may be pre- 
pared from anthraquinone under the followup 
conditions: — ^Anthraquinone (1(X) parts) is 
heated with a solution of sodium or potassium 
hydroxide (300 parts) and sodium chlorate (20> 
30 parts) in water (1()0 parts) at 200° in an open 
vessel or autoclave until the oxidising agent is 
expended. The product is dissolved in water 
and air blown in order to oxidise anthi'auols, 
and the alizarin is then precipitated by the 
addition of milk of lime. The precipitated salt 
is decomposed by hydrochloric acid, and the 
alizarin is separated from accompanying anthra- 
quinone by solution in dilute aqueous sodium 
%droxide and acidification of the filtered solu- 
tion. Other processes have been suggested in 
which anthraquinone is heated with sodium or 
potassium hydroxides in the presence of sodium 
sulphite, with or without an oxidising agent 
Btton M sodium chlorate, 

Purlfloatloii of artiflclil allttriii. Com* 
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meroial alizarinoontaioB as impuritiae hydruzy- 
anthraquinone, aiithrapuq>unn, flavopurpurint 
and small quantities of other oolouring matters. 

In order to separate the alizarin from these, 
the orude oommeieial product is dissolved in 
dilute oaustio soda, and the solution treated with 
carbonio acid untQ two*thirda of the colouriDg 
matter has been precipitated as acid sodium salt. 
The precipitate is collected, washed with water, 
decompose with hydrochloric acid, the crude 
alizarin thus obtains dissolved in caustic soda, 
and the treatment with carbonio acid repeated 
twice more. 

The purified product is then boiled with 
baryta water to remove hydroxyanthraquinone 
and anthraflavio acid (which dissolve), the oarium 
salt of alizarin is collected, washed, decomposed 
by hydrochloric acid, and the alizarin either 
sublimed or recrystallised from alcohol. 

Another method of separation is based on 
the temperatures at which the various con- 
stituents of the mixture sublime. Alizarin itself 
sublimes at 110°, flavopurpurin and anthra- 
purpurin at 160° and 170° respectively. 

Alizarin crystallises from alcohol in red 
needles or prisms, which melt at 282°. With 
care alizarin can be sublimed in magnificent 
deep-red prisms, which, if the operation bo per- 
formed on a large scale, may bo obtained over 
an inch in length. 

It dissolves in alkalis with a purple colour, 
and is completely precipitated from this solution 
by the addition of lime or baryta in the form of 
a blue precipitate of the calcium or barium salt. 
Heatea with acetio anhydride to 160° alizarin 
forms a diacotyl compound C,.H,0,(C,H,0),0„ 
which crystallises from alcohol in long vcilow 
needles, melting at 160°. When treated with 
nitrous acid, alizarin yields anthr^uinone. 
Nitric acid acts violently on alizarin with evolu- 
tion of red vapours and formation of phthalio 
and oxalic aoi(&. Distillation with zinc reduces 
alizarin to anthracene. 

Alizarin is converted into purpurin by 
means of sulphuric acid at 226°. In Kneoht 
and Hibbor^s titanous chloride reduction 
method for the estimation of reducible substances 
it is found that one molecule of alizarin requires 
for reduction four atoms of hydrogen. On the 
other hand, Alizarin Orange (see below) is 
reduced to aminoalizarin under similar condi- 
tions. 

When fused with alkaline hydroxides at a 
fairly high temperature, protocatechuic acid and 
benzoic acid are formed. 

Salts of aUzarln. Calcium alizarale 

CaCuH« 04 ,H ,0 

is precipitated by adding calcium chloride to an 
ammoimmal solution oi alizarin as a purple 
mass. Barium cUizaraU BaCuHe04,H20 is 
prepared, like the calcium salt, by mixing an 
alkaline solution of alizarin with barium chloride. 
It is dera-violet when moist, almost black when 
dry, and^very sparingly soluble in water. Alum- 
inium alizanUe (Ci4H402)sAl20«(?) is obtained 
by precipitating an alkaline solution of alizarin 
with alum or aluminium hydroxide. It is a veiy 
fine red or rose-red precipitate. Lead alizarate 
is obtaiiuMi by mixing an alcoholic 
acdution of alizarin with an alo(molio solution 
of sugar of lead. 


Potassium hydrogen alizarate forms a com- 
pound with alizarin, orown-red crystals 
C..H,O.K; 0..H,0.. 

and a Himilar b^tpotassium dializarate has been 
described. These substances are analogous to 
the quadroxalates. 

Alizarin can readily be detected by means of 
the spectroscope, as it gives in alkaline solution 
two sharp absorption bands, one at o and one 
near o, as will readily be seen from the accom- 
panying figure, which shows the absorption 
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spectrum of a solution of alizarin in alcoholic 
potash. 

Alizarin ferric acid Fe(CuH404)8H, yields 
well-crystallised sodium, ammonium, and potas- 
sium salts. The latter crystallises with oHiO, 
and is obtained by the addition of alcoholic 
potassium hydroxiae to a mixture of alcoholic 
solutions of alizarin and ferric acetate. 

Literature. — Anderson (J. 1847-48, 749) ; 
Stenhouso (J. 1864, 643) ; Bochledor (Ber. 3, 
295) ; Perkin (Chom. Soc. Trans. 23, 141) ; 
Graebe and Liebermann (Aimalen Suppl. 7, 300 ; 
Ber. 3, 369) ; Baoyer and Caro (Ber. 7, 972) ; 
Liebermann (Annalen, 183, 206) ; Liebermann 
and Dehnst (Ber. 12, 1293) ; Schunok (Annalen, 
66, 187) ; Wolil and Strecker (Annalen, 76, 8) ; 
Lagodzinski (Ber. 28, 1428) ; Widman (Ber. 0, 
856) ; Liebermann and Hohonemser (Ber. 36, 
1779); D. R. P. 116626; Porkin (Chem. Soc. 
Trans. 75. 453) ; Knecht and Hibbert (J. Soc. 
Dyers and Col., Dec. 1915) ; Weinland and 
Binder (Ber. 47, 977) : Hofmann, Quoos and 
Schneider (Ber. 47, 1992) ; Heller (Zeitsch. 
Angew. Chom. 1906, 19, 669; Ber. 41, 361); 
Tyrer (Trans. 97, 1778) ; Hildebrand, Eilefson, 
and Beovo ( J. Amor. Chem. Soc. 1917, 39, 2301). 

Other derivatives of alizarin. When treated 
with the ordinary re-agents, such as bromine, 
nitric acid, &c., alizarin forms a variety of 
valuable substitution products, some of which 
are used to a considerable extent as dyeing 
agents. The most important of theso are the 
following : — 

Alizarin a-metbyl ether 

/«Vyh 

may be synthesised by the action of diazo- 
methane on an ethereal solution of monoacetyl- 
alizarin. Owing to the fact that monaoetyl- 
alizarin is really a mixture of the two possible 
isomerides, the process results in a mixture of 
the two isomeric methyl ethers. Addition of 
alcoholic potassium hyi&oxide to the mixture 
precipitates the 3*ether as potassium salt, the 
a-methyl ether remaining in the solution. The 
substance crystallises from aqueous methyl 
alcohol in slender orange-yellow needles melting 
at 178°- 179°, and identical with a constituent 
of chav root (q.v.) (Oesch and Perkin, Proc. 
Chem. Soc. 1914, 30). The methoxy gr^ps in 
aromatic (kimpounds (except the niuophenol 
ethers) ate almost always resistant to alkaline 
hydrolysis, but this substance may be hydrolysed 




124 


ALIZARIN AND ALLIED OOLODRTNG MATTERS. 


to alizarin by the prolonged action of boiling 
aqueous baryta. Acetylalizarin o-methyl ether 
occurs in yoAow needles, melting at 212°. 

AUzarln-iS methyl ether 

OOC” 


The synthesis of this substance from hemipinic 
acid has already been described. 

It can also be produced by treating the 
monopotassium salt of alizarin with methyl 
iodide or methyl sulphate. 

The substance crystallises from alcohol, and 
has the melting-point 224°-226°. 

The dimethyl ether is not obtained by acting 
on the potassium salt of the monomethyl ether 
with methvl iodide. 

The substance can, however, be obtained bv 
reducing alizarin to desozyalizarin and methyl- 
ating the latter by means of methyl sulphate 
and sodium liydroxide in the usual manner. 
On oxidation of the resulting product with 
sodium chromate and acetic acid alizarin 
dimethyl ether is obtained in golden yellow 
needles. It is identical with a product obtained 
from 2-hydroxyanthraquinono by successive 
mothylation, nitration, and treatment with 
methyl alcoholic sodium mothoxide. 

Oesch and Perkin (/.c.) have also obtamed 
the substance by the mothylation of alizarin 
a- methyl ether with methyl sulphate and 
potassium hydroxide. 

Alizarin diethyl ether 

fi -IT p t| ^01j3t(I) 


can be prepared bv heating alizarin with potash 
and potassium ethyl sulphate at 1(30° (Haber- 
mann, Monatsh. 5, 228). 

Monobromallzarin 

C.H.<CO>o.HBr<OH(>) 

This derivative can be prepared by heating 
alizarin with bromine and carbon disulphide to 
180°-i90° for four or five hours. 

It is better pi'epared, however, by sul- 
phonating alizarin with fuming sulphuric acid, 
and subsequently treating the solution with 
bromine. 

It crystallises from glacial acetic acid in 
orange-coloured needles, which, when heated, 
first melt to an orance-coloured liquid and then 
sublime in orange-rea needles. 

As a dyeing agent, monobromalizarin retains 
all the properties of combining with mordants 
possessed by alizarin, and the colours produced 
appear to be equally fast. The shade of colour 

g roduoed is, however, not the same, the reds 
eiiig less purple, and the purples less blue than 
those proauoed by alizarin. 

Literature . — ^Perkin (Chem. Soc. Trans. 27. 
401). 

3 - Bromo - 1 : 2 • dihydroxyanthraquinone 
(D. R. PP. 77179, 78643) is obtained by the 
action of bromine on a solution of alizarin-3- 
sulphonio add at 96°. It may or may not be 
identical with the above-descried bromoalizaiin. 
It forms brown-red needles, melting at 260°- 
261®, and yields a pale yellow diacetyl derivative, 
melting at 204°-205°. The solution of the 


substance in dilu1% sodium hydroxide is blue- 
violet. 

3-Gliloro-l : 2-dUiydroxyanthraquinone ie 
similany prepared and melts at 270°-271°. On 
benzoylation in pyridine solution a dibemoyl 
derivative, melting at 184°, is obtained. On 
oxidation by means of sulphuric add it yields 
3-cAZoro-l : 2 : ^-trikydroxyanthraquinane (chloro- 
purpurm), melting at 242°-244°, and on nitra- 
tion in acetic acid solution Z-dUoroA-nitro-l : 2- 
dihydroxyanthraquinone is the product. The 
latter occurs in orange-yellow needles, which 
decompose at above 220°. The nitroxyl may 
be displaced by anilino on heating the substance 
with anilino, and the product crystallises in 
nearly black needles or plates meltmg at 223° - 
224° (Heller and Skraup, Ber. 46, 2703). 

a-NltroalizarlD, Alizarin brown, • 

/OH (1) 

C,H*<^g>C,H^OH (2) 

^NOa (4) 

This substance is obtained by treating diacetyl 
or dibenzoyl alizarin with nitrio acid. 

It is manufactured by dissolving alizarin in 
fuming sulphuric acid and after cooling to 
—5° to —10°, treating with the calcumted 
quantity of nitrio acid dissolved in sulphuric 
acid. 

a-Nitroalizarin crystallises from alcohol or 
glacial acetic acid in golden-yellow needles, 
melting at 194°- 196°. It dissolves in caustic 
alkali with a blue-violet colour, but if only a 
minute quantity of alkali is employed the solu- 
tion is of a fine crimson colour. The alkaline 
solution gives two absorption bands similar to 
alizarin. Nitroalizarin is easily reduced in 
alkaline solution with sodium amalgam or 
ammonium sulphide and amidoalizarin is the 
product. 

On warming with sulphuric acid 1 : 2 : 3 : 4- 
tetrahydroxyanthraquinone is produced. 

a-Amlnoallzarln. Alizarin garnet, Alizarin 
cardinal 

PO /OH (1) 

C4I.<gg>O.H^OH(2)^ 

This valuable dye-stuff is obtained by the 
reduction of a- nitroalizarin. It crystallises 
from alcohol m small needles of a nearly black 
colour, but possessing a slight greenish metallic 
reflection. 

Its alcoholic solution gives two absorption 
bands ; the first is a little beyond d and the 
second near c. There is also a faint line close 
to F. 

An excess of acetic anhydride at the boiling- 
point converts a-aminoalizarin into a diaeetyl 
derivative, which crystallises in red-brown leaflets 
meltmg at 246°, whilst it appears that the mode- 
rated action of the rea|;ent produces an isomeric 
diacetate crystallising m lustrous yellow needles. 
The mondbemo^fl derivative is obtained by heating 
a suspension of the substance in nitrobenzene 
with benzoyl chloride. It occurs in brown 
needles, melting at 310°. Further action of 
benzoyl chloride produces the dibenzoyl deriva- 
tive — flight brown needles, melting at 266°. 
a-Aminoalizarin yields a sulphonm acid on 
treatment with fumh^ acid, and this may be 
chfi^ed into purpurin sulphonio acid by the 
action of nitrous acid. The diazoniosi deriva- 
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tivM obteined from a-amiil(>alizariTi are rela- 
tively stable, and on strongly heating pnipurin 
is obtained as a sublimate. Aliza&-a-mazo- 
chloride does not couple with known* inter- 
mediates with formation of azo- compounds. 

Dyeing Properties of a-Nitro- ana a-Amino- 
allzarln. These colouring matters possess the 
power of dyeing ordinanr madder mordants. 
a-Nitroaliza^ gives with alumina mordants 
very clear orange-red colours, not unlike some 
of the colours produced with aurin, and with 
iron mordants reddish-purple colours. Amino- 
alizarin gives with alumina mordants purple 
colours, and with iron a bluish or steel-like 
colour. 

It is used for wool-dyeing and calico-printing. 

Alizarin Maroon is a mixture ot amino- 
alizarins apd purpurins obtained bv the reduc- 
tion of the product of nitration of commercial 
alizarin in sulphuric acid solution. On alumina 
mordants it produces a garnet red, maroon on 
chrome. 

Literature . — Perkin (Chem. Soc. Trans. 30, 
678); Brasch (Ber. 24, 1610); Schunck and 
Romer (Ber. 12, 687) ; D. R. PP. 06811, 74431, 
74598 ; Schultz and Erber (J. pr. Chem. 74, 
276). 

/S-Nltroalizarln. Alizarin Orange 

yOH (1) 

C.H,<CO>c.H^OH (2) 

\nO. (3) 

/8-Nitroalizarin s prepared by the action of 
nitric acid on alizarin and also by boiling dinitro- 
2'hydroxyanthraquinone with caustic soda of 
20 p.c. 

It is manufactured in large quantities by the 
action of nitric acid on alizarin dissolved in 
sulphuric acid containing boric acid. The in- 
fluence of the boric acid on the position attacked 
by the nitric acid is probabl]^ due to the forma- 
tion of a boric ester of alizarin. 

The crude iS-nitroalizarin is purified by 
crystallisation from glacial acetic acid. 

/3-Nitroalizarin crystallises in orange-yellow 
needles which melt with decomposition at 244®. 
When carefully heated it sublimes, with a good 
deal of deconmosition, in yellow needles. Dis- 
solved in alkaus it forms a purple solution ; the 
sodium salt is insoluble in an excess of caustic 
soda. The calcium salt is an insoluble violet- 
red precipitate, which is not decomposed by 
carbonic acid (cUstinction from alizarin). Treated 
with glycerol and sulphuric acid, jS-nitroalizarin 
is converted into alizarin blue. 

The diacetate of /3-nitroalizarin crystallises 
in yellow needles melting at 218°. 

j3-Nitroalizarin is prepared on the large scale, 
and comes into the market under the name of 
‘ Alizarin orange.’ In dyeing it is applied to 
the various fibres in the same way as alizarin ; 
but although it yields fast colours, it has as yet 
found only comparatively limited employment. 
Applied to wool, it ^ives the following shades : — 

With an aluminium mordant it yields a very 
good orange ; with stannous chloride mordant, a 
reddish or yellowish orange, according to the 
/imount of mordant used ; with copper sulphate 
mordant, a good radish-brown is obtained; 
with ferrous sulphate, a purplish-brown ; and 
with bichromate of potash, a dull brownish-red. 
The dye may also be applied to unmordanted 
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wool in a bath containing acetic or oxalic 
acids. 

Literature. — Rosenstiehl (Bull. Soo. ohim. 26, 
63) ; Sohunok and Romer (Ber. 12, 684) ; Simon 
(Bor. 16, 692) ; Bayer & Co. D. R. P. 74662 ; 
Barnes (J. Soo. Dyers & Col. 16, [1] 11). 

fl-Aminoalizarin is changed by benzoyl 
chloride into a dibemoyl derivative, yellow needles 
melting at 262°, and this may be hydrolysed 
by sulphuric acid to a monebenzoate melting 
275®. In contradistinction from the ooire- 
sponding a-derivative, alizarin-j8-diazochloride 
couples with R-salt in alkaline solution, but 
the product has feeble tinctorial power. 

Alizarin Imide. This derivative of alizarin 
is obtained by heating the substance with 
ammonia under pressure (^ycr), and also by 
reducing freshly precipitatocf alizarin in ammo- 
niacal suspension witn zinc dust followed by 
air oxidation of the resulting solution. Accord- 
ing to Prud’homme, alizarin and other hydroxy- 
anthraquinones may be converted into con- 
densation products with ammonia by heating 
in glycerol with ammonium carbonate. Scholl 
and Partheg prepare the substance by heating 
alizarin with aqueous ammonia at 140®. It 
may be crystallised from pyridine and decom- 
poses with evolution of ammonia at 250®. It 
IS regarded as I -hydroxy -ft^aminoanthraquinone 
imide. 

Literature. — ^Prud’homme (Bull. Soc. chim. 
[iii.] 35, 71 ; ibid. 666) ; Scholl and Partheg 
(Ber. 39, 1201). 

Leueoalizarin, 1 : 2-Dihydroxyanthranol. This 
substance is easily prepared by warming alizarin 
with a dilute alkaline solution of sodium hydro- 
sulphite. It crystallises from acetic acid in 
brown leoflets melting at 150®, and is easily 
reoxidised into alizarin (Grandmougin, Rev. 
Gen. Nat. Col. 21, 44). 

Alizarin Red S, Alizarin Powder W (By.), 
Alizarin Red WS (M. L. B.) 

/OH (1) 

This dyestuff is the sodium salt of the mono- 
sulphonic acid of alizarin. It is easily prepared 
by the action of concentrated sulphuric acid on 
alizarin. 

It yields brilliant scarlet red shades with an 
aluminium mordant, bordeaux red with chro- 
mium. 

Like many alizarin derivatives, this substance 
is an indicator. It is more sensitive than 
methyl orange, the colour change occurring 

between PH=3’7 (yellow) and PH*®4*2 (pink). 

Literature. — Graobe and Liebermann (An- 
nalcn, 160, 144) ; Walpole (J. Soo. Chem. Tnd. 
1915, 163). 

1 : 2-Dihydroxyanthraqulnone-3 : d-disulphonlo 
acid is obtained, together with quinizarin-a- 
Bulphonic acid, when anthraquinone-l-sulphonio 
acid or its potassium salt is heated with Aiming 
sulphuric acid (40 p.c. SOs) and boric acid at 
130®-136°. The alizarin derivative is separated 
by taking advantage of its more sparing 
solubility. On heating with 70 p.o. sulphuric 
acid the disulphonic acid is changed into an 
isomeride of Alizarin Red S, namely 1 : 2- 
dihydroxyanthraquinone’6-Bulphonic acid. 



126 


ALIZARIN AND OTHER 
Alizarin Bliii» | 



This important colouring matter, discovered 
il>y Prud’homme, is obtained by treating )3-nitro> 
alizarin with glycerol and sulphuric acid or by 
treating /S-amino alizarin with glycerol, nitro- 
benzene, and sulphuric acid, its chemical 
constitution was first demonstrated by Graebe, 
who showed that this substance was related to 
alizarin in precisely the same way as quinoline 
is to benzene, i.e. {Jiat alizarin blue is a quinoline 
of alizarin. 

Preparalion. — 1 part of )S-nitroalizarin, C 
parts sulphuric acid, and glycerol (of sp.gr. 
J *262) are mixed and gently heated. 

At 107^* the reaction commences and soon 
becomes very violent, the temperature rising to 
200®. After the frothing has subsided, the mass 
is poured into water, trie product well boiled, 
filtered, and the residue extracted three or four 
times with very dilute sulphuric acid. The 
combined extracts on cooling deposit the crude 
alizarin blue sulphate in brown ciystals. These 
are collected, washed with water till neutral, 
mixed with water, and borax added until the 
solution becomes brownish-violet. The precipi- 
tate thus formed is filtered off, washed with 
water, and decomposed with a dilute acid, the 
crude alizarin blue thus obtained being purified 
by recrystallisation from benzene or glacial 
acetic acid. 

A more recent method of preparation, also 
duo to Prud’hommo, consists in heating formyl- 
/3-aminoalizarin with glycerol and sulphuric 
acid at 100®. 

Alizarin blue crystallises from benzene in 
brownish -violet needles which melt at 270®, and 
at a higher temperature give off orange-red 
vapours which condense in the form of blue 
needles. 

It is insoluble in water, sparingly soluble in 
alcohol and ether, more readily soluble in hot 
benzene. It dissolves in ammonia, potash, or 
soda, forming blue solutions which become green 
when mixed with an excess of alkali. 

Alizarin blue combines with both bases and 
acids. 

The barium salt BaCi7H7N04Ba0+iHj0 is 
a greenish-blue precipitate. The following salts 
of alizarin blue with acids have been prepared : — 

Ci 7 HqN 04,HC1 is a red crystalline precipitate 
form^ by passing dry hydrochloric acid ^as 
through a solution of alizarin blue in boiling 
benzene. When treated with water it is com- 
pletely decomposed into its constituents. The 
sulphate crystallises in rod needles. The acetate 
crystallisos in blue plates. 

Alizarin blue also combines with picric acid 
forming a compound C77H,N04-C4rf8(N03)aO, 
which crystallises from benzene in long orange- 
red prisms melting at 245®. This compound is 
completely decomposed by water. One of the 
most important compounds of alizarin blue is 
the sodium bisulphite compound 

Ci 7 H,N 04 * 2 NaHS 0 , 
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This product is dianufactured on a laise scale 
and sold under the name of * Alizarin Blue S.* 
It dissolves readily In water, with a brownish-red 
ooIoiA*. Alizarin blue is met with in commerce 
in two forms, viz. as a paste containing about 
10 p.c. of dry substance, and as a powder. 
The former is nearly insoluble in water, while 
the latter, which is the bisulphite compound 
(described above), dissolves readily. This 
soluble kind is now almost entirely used in 
dyeing. In dyeing cotton with alizarin blue a 
chromium mordant is used, but in the case 
of wool, bichromate of potash gives the best 
results. 

Alizarin blue with an alumina or iron mordant 
is also used for dyeing silk. 

Alizarin blue is used largely as a substitute 
for indigo in calico-printing works. , It is one of 
the most stable colouring matters, and is even 
said to be foster than indigo itself. 

lAtefraXure. — Prud’homme (Bull. Soc. chim. 
28, 02) ; Graebe (Annalen, 201, 333) ; Auerbach 
(Ghem. Soc. Trans. 35, 800) ; Prud’homme and 
ilabaut (Bull. Soc. Tnd. Mulhouse, 1893, 223). 

Alizarin Green S (M) 

/CO. 

\co/Y^ 

\/ 

This dyestuff is prepared from a-aminoalizarin 
by treatment with glycerol, nitrobenzene, and 
sulphuric acid, and it may also be produced 
from formyl-a-aminoalizann by the action ot 
glycerol and sulphuric acid at 100°. Its pro- 
duction and properties resemble those of alizarin 
blue. It is employed in printing, and is used 
with a nickel magnesia mordant. 

Purpuroxanthin. 1 : 3-Dihydroxyanthraqui- 
none 

Purpuroxanthin exists in small quantities in 
madder. It can be prepared by heating purpurin 
C,4H8(0H)30, with iodide of phosphorus and 
water, or more readily by boiling purpurin with 
caustic soda and chloride of tin. 

Preparation. — Purpurin is dissolved in a 
boiling solution of caustic soda (10 p.c.), and 
chloride of tin added until the solution loses its 
deep-red tint and becomes of a yellow colour. 
Hydrochloric acid is then added, the precipitate 
washed with strong hydrochloric acid, disrolved 
in baiy ta water, reprecipitated with hydrochloiio 
acid and crystallised from alcohol. 

Purpurin is also readily reduced by means 
of an alkaline solution of s^um hydrosulphite. 

Purpuroxanthin crystaUises in reddish-yellow 
needles which melt at 262®-263®. It dissolves in 
alkalis with a reddish colour. If the solution 
in caustic potash be boiled in the air, it absorbs 
oxygen, the purpuroxanthin being reconverted 
into purpurin. 

It is not a mordant dyestuff, 
i Literature. — Schutzenbe^er and Schiffert 

i (Bull. Soc. ohim. 4, 12) ; Liebermann (Annalen, 
1 183, 213) ; Sohunck and Romer (Bar. 10» 172). 
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Qolllliaiin* 1 : i-Dihydi^zyMK^hraquinone 

P TT Ff (1) 

(4) ^ 

is obtained by heating a mixture of quinol or 
p-ohlorj^henol and pnthalio anhydride with 
snlphuno acid. 

C.H.<gg>0+0.H.<g| HI 

=C,H.<^>0,H,<q^ HI+HfO 

Together with alizarin and purpurin, it is 
obtained by the action of ammonium ^rsulphate 
on anthraquinone in sulphuric acid solution; 
also on heating anthraquinone in sulphuric acid, 
containing boric acid, with nitrous fumes. 

PreparcUion . — Equal parts of p-chlorphenol 
and phthuio anhydride are heated to 200 -210° 
for some hours, with ten times as much sul> 
phuric acid as chlorphenol used. The product 
18 poured in*o two or three times its volume of 
water, and after standing for twenty-four hours, 
the precipitate is filtered of!, washed and 
pressed. 

The crude product is then boiled with water 
to free it from phthalic acid, dissolved in caustic 
soda, precipitated with hydrochloric acid and 
recrystallised from alcohol. In order to remove 
a small quantity of purpurin, wliich is nearly 
always present, the crude quinizarin is then 
washed with cold dilute caustic soda as long as 
the solution is coloured rod, and the residue 
recrystalliscd from toluene. 

Quinizarin is also obtained by heating either 
the 1- or the 2-h3rdroxyanthraquinones with 
nitrites and boric acid in sulphuric acid solution 
at 180°-200®. The formation of quinizarin 
from 2-hydroxyanthraquinone is certainly re- 
markable, but the expected product, namely 
purpurin, is formed in traces only. A process 
of theoretical interest is that of Dienel (Her. 
1 fK)6, 39, 920), who converts a-anthrol by means 
of a hot aqueous alcoholic solution of sodium 
nitrite and zinc chloride into two isomeric 
nitroso-derivatives which may be reduced to 
amino compounds and oxidised to 1 : 2- and 
1 : 4-anthraquinones respectively. The latter 
crystallises from alcohol in long yellow needles 
wfiich melt at 206° (c/., however, Haslinger, Ber. 
39, 3637, who gives 190°) and by successive 
reduction, acetylation, oxidation, and hydrolysis 
may be changed to quinizarin. 

Quinizarin crystallises from alcohol in red 
needles which melt at 192°- 193°, and sublime at 
a high temperature with partial decomposition. 
It d&olves readily in benzene. The solutions in 
ether and sulphuric acid are characterised b^ a 
beautiful greenish -yellow fluorescence. Quini- 
zarin dissolves in baryta, forming a blue solution 
from which it is reprecipitated on passing car- 
bonic acid (distinction from alizarin). 

The tinctorial effects produced by quinizarin 
on fabrics mordanted with iron, cliromium, or 
aluminium are about one -tenth of those pro- 
duced by an equal amount of alizarin. 

When fused with potash it is converted into 
hydroxyohiyrazin O14H gO g. Quinizarin forms a 
diacetate which melts at 200°. 

Literature , — Baeyer and Caro (Ber. 8, 162) ; 
Schimok and Romer (Ber. 10, 664) ; Bayer & Co. 
P. R. P. 81246 {see also above). 


LdUCoqulAlzarin is obtained by the reduction 
of quinizarin with sodium hydrosulphite and 
sodium hydroxide. It is a -^ow crystalline 
substance melting at 136°, ana is of importance 
since it condenses with aromatic amines more 
readily than quinizarin itself, and is thus 
employed in the manufacture of some of the 
important acid dyes of this group. 

2-Nttroqttinizarin is the product obtained 
by the nitration of quinizarin in acetic acid pr 
nitrobenzene solution. It forma briok-red crys- 
tals whicli dissolve in sulphuric acid to a cerise 
solution and dyes wool nrown on an alumina 
mordant, violet- brown on chromed wool. 

Quinizarin sulphonio acid is obtained by the 
action of sodium sulphite on a hot aqueous 
suspension of quinizarin, preferably in the 
presence of an oxidising ifgent such as pyro- 
lusite. 

Fuming sulphurio acid (70-80 p.o. SOg) in 
largo excess converts quinizarin at 20°-40° into 
1:2:6: 8-tetrahydroxyanthraquinone (Sohmidt 
Bull. Soo. chim. 1914, (16) 12, 1). 

The hydrogen atoms in quinizarin are not 
readily displaced by halogens, but, on the other 
hand, an additive product, a hexahromide is 
formed at 0°. At 40° the product is bromo- 
quinizarin dtbromide, and even at temperatures 
between 100° and 230° only a dihromoderivaiive 
is produced. 

Dlchloroquinlzarines. 3:0,3: 4-, and 4 : 6- 
Dichlorophthalic anhydrides react witji quinol 
in presence of boric acid to produce dicfiloro- 
dihydroxybenzoyl benzoic acids which are 
changed by sulphuric acid into corresponding 
dichloroq uinizannos. 

6 : 8-DichloroqulnIzarin crystallises in brown- 
red needles melting at 206°, and forms an acetyl 
derivative melting at 170°. When its potassium 
salt is heated with potassium phenoxide during 
eight hours at 180° it is changed to 8-cAtoro-6- 
phertoxyquinizarin, light red needles melting at 
243°. The phonoxy derivative is transformed 
by p-toluidine at 160° in presence of potassium 
and copper acetates into S-p4oluidino-0’phenoxy- 
quinizartn (m.p. 278°). 6 : 8-Dichloroquinizarin 
reacts similarly with aniline forming 6 : 8- 
dianilinoqiiimzarin molting at 245°. 

6 : 0-Dlchloroquinlzarln molts at 208°, and 
its aceti/l derivative, at 140°. 

0 : 7-Dlchloroqulnlzarln melts at 288° and 
forms an or elate melting at 126°. 

Literature. — M. Frey (Ber. 46, 1368). 

Acid dyes derived from quinizarin or its 
derivatives. Quito a considerable sub-group of 
anthrsKiene dyes have been obtained by acting 
on quinizarin or its derivatives with amines 
usually in presence of boric acid. One or two 
of the hydroxyls of quinizarin may be replaced 
by arylamino groups, or if desired, one of the 
groups introduced may be amino or alkylamino. 
The products are sulphonated and are then acid 
wool dyes. The firm of Oassella occasionally 
condense leucoquinizarin with ready formed 
toluidine sulphonic acid in presence of boric 
acid. Friedlander and Schick (Zeitsoh. Farben 
u. Textil Chemie, 1902, 2, 429 ; 1903, 3, 218) 
have shown that the reaction leading to the 
formation of these dyes is reversible in the case 
of the condensation with leucoquinizarin, and 
have applied this observation in order to hydro- 
lyse some dyes found in commerce and so prove 
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their nature. They find that acid dyes of this 
series which contain a sulphonated anilino- or 
toluidino- nonp will usually yield leucMuini- 
zarin or similiur substance, t^ether with an 
aniline or tolnidine sulphonio acid by boiling 
with stannous chloride in aqueous alcoholic 
hydrochloric acid solution. 

Alizarin Emeraldol O, Alizarin Uranole R, 
Alizarin Geranol B, Alizarin Heliotrope R, BB, 
£nd Alizarin Marine Blue RG, W, are examples 
of acid dyes of similar typo to those described, 
hut of undisclosed constitution. 

Qulnlzarln Blue 



This dyestuff is prepared by heating quinb 
zarin and aniline in molecular proportions and 
sulphonating the product. From an acid bath 
it dyes wool a red shade of blue, and gives a 
greenish- blue with chromed wool. 

Alizarin Irlsol D (R) (Bayer, D. R. PP 
80)50 and 01140). 



Quinizarin or leucoquinizarin is condensed 
with p*toluidme and the product sulphonated. 
'Phe substance is isomeric with Alizarin Oyanol 
Violet (g.v.). 

Alizarin Gyanol Violet R (Cassella, D. R. Pl\ 
172464 and 181879). 



I.ieucoquinizarin is condensed with 4-amino> 
tolueno-2-Bulphonio acid and the product 
oxidised. 

Alizarin Pure Blue and Alizarin Blue GG have 
the respective formulte ; — 



Alizarin Gyanol B (Ca.'^sidla, 1). R. PP. 
183395, 114262, 119362). The mixture of 1 ; 5- 
and 1 : 8-anthraquinone disulphonic acids is 
changed by ammonia and sodium chlorate at 
170** to corresponding diamino anthnmuinones 
amd amtnoantnraquinonesulphonio acids. The 
latter are brominated to mixed dibromo- 


derivatives, and tl^Bse are condensed with aniline 
and sulphonated. 

Alizarin Astrol 



NHC,H,SO,H 

dyes wool greenish-blue from an acid bath. 

Alizarin Rnbinol G, 8G, GW (Bayer, D. R. P. 
201904) 


CO 



is obtained by the sulphonation of p-toluidino- 
N-methYlanthrapyridone. It dyes wool in red 
shades from an acid- bath. 

Quinizarin Green. 

Quinizarin is treated with an excess of • 
aniline and the product sulphonated. The dye- 
stuff is the sodium salt of the sulphonic acid, and 
has the constitution 


rn NH-Z'^V-SO.Na 
^C0^N-k-O-S0,Na. 


The green shades produced on wool from nn 
acid- bath are fast to light and milling. 

Anthraquinone Green is the corresponding 
monosulphonic acid. 

Alizarin Cyanine Green E, G Extra, K 

(Bayer) 

NH*C«H4(CH,)S0.H 




NH-C,H 4 (CH 3 )S 03 H 


This dye is obtained by sulphonating the 
product of the complete tolylation of quinizarin. 
It dyes wool from an acii bath a very vivid 
green. This dye has now displaced for most 
purposes the Alizarin Viridine which is similarly 
prepared from Alizarin Bordeaux. An isomeride 
with very similar properties is Alizarin Brilliant 
(Jreen G, SE {Casseua^ and the difference in 
constitution is the same as that between Alizarin 
Irisol end Alizarin (lyanol Violet. The dye now 
in question is obtained by carrying to the second 
stavo the condensation between leucoquinizarin 
ana 4-aminotoluene-2-sulphonic acid. 

Hystazarin. 2 : 3-Dihydroxyanthraquinone, 

C.H.<ro>C.H.<oS.?3) 

This substance is formed, together with alizarin, 
when a mixture of pyrocatechol and phthalic 
anhydride is treated with sulphuric acid — 5 
grams of pyrocatechol, 6*8 ^ms phthalic 
anhydride and 76 grams sulphuric acid are heated 
for 4^ to S'hours to 340-150* on a sand-bath. 



ALIZARIN AND ALT4FD COLOURING MATTERS. 120 


The resulting product, while still warm, is 
poured into | litre of water, heated to boiling, 
and filtered hot. • 

The dark-green precipitate thus obtained is 
well washed with hot water, dissolved in dilute 

E ot^h, and the dark-blue solution precipitated 
y 'dilute sulphuric aoid. The precipitate is 
washed with water, dried on a porous plate, and 
treated with boiling alcohol in an extraction 
apparatus, by which means a considerable por- 
tion is dissolved. 

The dark-red solution on evaporation yields 
an orange-red mass, which consists of alizarin 
and hystazarin. These two substances are 
readily separated by treatment with boiling 
benzene, which dissolves the alizarin and leaves 
the hystazarin ; the latter may then be further 
purified by recrystallisation from acetone. 

Yield 1| p.c. alirarin and 12 p.o. hystazarin 
of p™oatechol used. 

The following conditions for the preparation 
have aNo been published : 30 grams pyro- 

catechol are heated with 42 grams phthalio 
anhydride and 300 grams sulphuric acid at 
180°-200° for half an hour. Yield of hystazarin 
was 6 grams, and of alizarin I sram. | 

• Hystazarin mav he syndiesised by the 
following series of reactions : — Phthalio anhydride 
condenses with veratrol in carbon disulphide 
solution under the influence of aluminium 
chloride. 

\/OMo 

Phttiallc anhydride. Veratrol. 

COOH 

Co^A/OMb 
8:4: dlmethozybenzoyl- 
benzolo aold. 

The 3 : 4-dimethoxybenzoylbenzoio aoid 
thus produced yields 2:3: dimethoxyanthra- 
quinone on heating with concentrated sulphuric 
acid. This is hystazariiidimethyl ether and 
yields hystazarin on demethylation. 

Hystazarin crystallises from acetone in 
orange-yellow needles, which do not melt at 260°. 

It is almost insoluble in benzene, difficultly 
soluble in xylene, soluble in hot alcohol, ether, 
glacial acetic aoid, and acetone. 

It dissolves in alkalis with a blue (corn- 
flower) colour, in ammonia with a violet colour, 
and in concentrated sulphuxio aoid with a blood- 
red colour. The barium salt is a blue precipi- 
tate, the calcium salt a violet precipitate ; both 
are insoluble in water. 

Hystazarin possesses only very feeble tinc- 
torial properties. The faint red colour pro- 
duced with an aluminium mordant differs in 
shade from the alizarin red. The solution of 
hystazarin in dilute sodium hydrate absorbs 
the yellowish zed and violet rays of the spectrum. 
A very dilute solution shows two lines in the 
yellow, A«a610‘8, x,b 587’4. Distilled over zino- 
dust, hystazarin yidds relatively large quantities 
of anthracene. 

Hystazarin is changed by sulphuric aoid at 
200° dowly into alizann. It is i>robable that 
the reaction is one of hydrolysis into phthalio 
aoid and catechol and subs^uent condensa- 
Vnt T— 


tion in the ortho- position to the hydroxyl 
group. 

Literaiure, — Liebermann and Sohoeller 
(Ber. 21, 2001-2508) ; Lagodzinski and Lor^tan 
(Ber. 28, 118); Liebermann and Hohenemser 
(Ber. 35, 1778) ; Sohrubsdorf (Ber. 36, 

2036). 

Diacetyl hystazarin C,4H«0,(OC.HaO)| crys- 
tallises from acetic aoid in needles, which melt at 
206°-207°. 

2 : 3-di-Hydroxyanthranol is obtained by the 
reduction of hystazarin with zinc dust and 
ammonia. It occurs in yellow-brown needles 
melting at 282°, and forms a triacctyl deriveUive 
meltixm at 163°. 

l-Nltrohystazarln is obtained when hystazarin 
is nitrated in sulphuric acid solution by means 
of a molecular proportion of nitric acid. Further 
nitration loads to 1 : ^-dinitrohystazaririf and 
both these derivatives have only a slight 
tinctorial power on mordants. 

1 : 4-DibromohystazarIn is obtained By bromi- 
nating the substance at 150° in a sealed tube. 
It m^ts at 127°-129° and dissolves in alkaline 
solutions with a violet colour. 

Anthraflavio acid. 2 : 6-Dihydroxyantbra- 
quinone 

(6) HO O.H,<^g>C.H, OH. (2) 

Anthraflavio aoid is prepared bv fusing a-anthra- 
quinono disulphonio aoid with potash, and is 
therefore nearly always present in artificial 
alizarin. Synthetically it has been obtained by 
heating m- hydroxy benzoic aoid with sulphurio 
acid to 190°. 

20HC,Il4C00H 

-OHO,n,<^0>0,H,-OH 1 H,0. 

This mode of formation proves that this sub- 
stance contains the two hydroxyl groups in 
different benzene rings. 

Anthraflavio acid crystallises from alcohol in 
yellow needles which molt above 330®. The pure 
substance when carefully heated sublimes par- 
tially in yellow needles, leaving a considerable 
quantity of a carbonaceous residue. Anthraflavio 
aoid does not dye mordanted cloth. It dissolves 
in alkalis forming a yellowish-red solution, and 
in sulphurio acid forming a green solution, the 
absorption spectrum of which shows a broad 
band oetween the blue and the green. Anthra- 
flavio aoid forms a number of salts, of which the 
sodium salt is the most oharacteristio. This salt 
is sparingly soluble in water, and is remarkable 
for the ease with which it crystallises ; this dis- 
tinguishes it from isoanthraflavio acid, and gives 
a ready means of separating these two substances. 
When treated with acetic anhydride, anthraflavio 
acid forms a diaoetate melting at 228°-229°. 

Literature , — Perkin (Chem. Soo. Trans. 1871, 
24, 1109 ; 26, 19) ; Sohunck and Bomer (Ber. 9, 
379; 11, 070); Liebermann (Ber. 5, 068); 
Rosenstiehl (Bull. Soo. ohim. 29, 401-434) ; 
Barth and Senhofer (Ber. 170. 100). 

TetnnitroanthrafUvlc acid consists of yellow 
I needles exploding without fusion at 307°. 
It is obtainsd the action of nitric aoid on 
anthraflavio add By the employment of the 
cdculated amount of nitrio acid it is possible 
to obtain a dinitro derivative which dyes wool 
from an add-bath. 
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LiUraiure , — Schradinger (^r. 8, 1487). 
itfoAnthraflavIO add. 2 : 7-Dihydroxyanthra 


(7) HO C.H,<gg>C.H. OH (2) 

is formed when ;9-anthraquinone disnlphonio acid 
is fused with potash, and is therefore always'oon- 
bained in crude alizarin. In preparing it, crude 
alizarin is dissolved in dilute caustic soda, the 
solution precipitated with hydrochloric acid, and 
the precipitate dissolved in cold baryta water 
and filtered, (In this way tsoanthraflavic acid, 
which forms a soluble baryta compound, is easily 
separated from alizarin, anthrapurpurin, and 
anthraflavic acid, which yield insoluble barium 
compounds.) The filtrate is treated with hydro- 
chloric acid, and 'the precipitate recrystallised 
from alcohol, /soanthraflavic acid crystalliaca 
in long yellow needles, containing 1 mol. 1120, 
which can be driven off at 1 60®. It molts above 
330® and sublimes at a high temperature in 
lustrous yellow needles. It dissolves easily in 
alkalis forming a deep-rod solution, but it does 
not dye mordanted cloth. Fused with potash 
t/ioanthraflavio acid yields anthrapurpurin. 

The diacetato of i>oanthraflavio acid melts at 
196®. 

Literature . — Schunck and Romer (Bcr. 9 
379). 

Anthrarufln. 1 : fi-Dihydroxyanthrmiuinono 
(5) (1) 


Aathrarufln nfioiioethyl ether occurs in yellow 
ne3dle3 melting at 184® and yielding an acetyl 
derivative molting at 173®. 

Anthrarufln diethyl ether forma long silky 
nee^s melting at 178®. 

Alizarin Saphlrol B. Alizarin Delphinol. 


NaSO,- 



SO,Na 


IS an important blue acid wool- dye derived from 
anthrarufin by successive sulphonation, nitration, 
and reduction. This dyestuff excels in respect 
to its fastness to light. 

It may also be obtained by the reduction of 
1 : fi-dinitroanthraquinone in alkajino solution 
followed by acidification and sulphonation. 
The first product is a dihydroxylaminoanthra- 
quinone, and this rearranges into an amino- 
compound by the action of the acid. Dinitro- 
anthrarufin may also form the source of this 
or a very similar dyestuff into which it is con- 
verted by the action of sulphites. Alizarin 
SapJiirol SK is the monosulphonic acid. There 
are also dyestuffs of this type which contain a 
bromine atom m the anthraquinono nucleus. 

Alizarin Celestoi is obtained by the action 
of formaldehyde on Alizarin Saphirol. 

1 ; 0-Dihydroxyanthraqulnone 

(0) HOC.H,<gO>C.H,OH (1) 


Anthrarufln is formed together with anthrafiavie 
acid and metabonzdioxyanthraquinonc by 
heating fn-oxybcnzoic acid with sulphuric acid. 
(2) 0H 0.H4-C00H 

=OH-C,H,<^O^C,H,OH + 2HjO. 

It may also bo obtained by fusing o-anthra- 
quinono disulphonio acid with potash. 

Another process depends on the fact that it 
is the chief product when anthraquinone is 
oxidioed with sulphur trioxido under the following 
conditions : — Anthraquinone (50 parts) is heated 
with fuming sulphuric acid (1000 parts containing 
80 p.o. SOs) and boric acid (20 parts) for 36 
hours at lOO® under pressure. 

Anthrarufin is manufactured, mainly as an 
intermediate for alizarin saphirol, by heating 
anthraquinone- 1 : 6-disulphonio acid with milk i 
of lime under pressure. 

Anthrarufin crystallises in yellow needles 
which melt at 280® and sublime easily at a higher 
temperature (distinction from anthraflavic acid). 
It dissolves with difliculty in ammonia and soda, 
but more readily in potaiw. 

Anthrarufln dissolves in sulphuric acid, 
forming a deep-red solution, the colour of which 
is so intense that it is still easily apparent in 
solutions containing only 1 part in 10,000,000. 

Anthrarufln forms a diacetate which melts 
at 244®-246®. 

Antluranifln dimethyl ether is obtained on 
boiling 1:6: dinitroanthraquinone with methyl 
aloohwo oaustio soda. The substance forms 
deep-red needles of m.p. 230®. 

JAteralure. — Sohunok and Romer (£er. 11, 

1 176) ; liebermann and Dehnst (Ber. 12, 1289) ; 
Bayer and €o. D. R. P. 101220; Pleus (Ber. 
36, 2923). 


This was the last of the dihydroxyanthra- 
quinones to be obtained, it having been pre- 
pared by Frobenius and llopp in 1907 (Ber. 40, 
1048). 1-Nitroanthraquinone-O-sulphonic acid 
was converted by somum methoxide into l- 
methoxyanthmquinone-6'Sulphonic acid, and 
the latter’ hydrolysed to a hydroxyantliraqui- 
none sulphonic acid by heating with sulphuric 
acid. Tne sodium salt was then prepared and 
heated with milk of lime at 196® under pressure. 
The substance crystallises in orange-yellow 
needles melting at 271®-272®, and dissolving in 
ammonia or potassium hydroxide to a yellow 
solution. Oxidation by heating under pressure 
with a solution of sodium hydroxide and sodium 
nitrate results in the production of flavopur- 
purin. 

Metabenzdloxyanthraqulnone. 1 : 7-Dihy- 
droxyanthraquinone 

(7) (1) 

Literature . — Schunck and Romer (Ber. 11, 
1176) ; Liebermann and Dehnst (Ber. 12, 
1289). 

Metabenzdihvdroxyanthraquinone C , .H gO j 
is formed together with anthraflavic acid and 
anthrarufln by heating m-hydroxybenzoic acid 
with sulphuric acid (v. supra). It is separated 
from these by treatment with benzene and 
subsequent recrystallisation from dilute alcohol. 
Metabenzdihydrozyanthraquinone forms yel- 
lowish needles wmch melt at 291®-293®, and 
sublime at a higher temperature almost without 
decomposition. It dissolves in alkalis with a 
dark-yellow colour, and in concentrated sul- 
phuric acid, forming a brownish-yellow solution, 
which shows no absorption bandit 



ALIZARIN AND ALIPED 

The diaoetate of metaben^dihydroxyanthra- 
qainone melts at 199**. 

Literature . — Schunok and Romer (Bon 10, 
1226): Bosenstiehl (Ber. 9, 946). ^ 

Chrysazin. 1 : 8-Dihydroxyanthraqainone is 
formed by fusing x-ai^thraquinonedisulphonic 
acid with potash, or by treating hydrochrysainid 
Oi4Hg(Nilo)4(OH)^t with nitrous acid and 
alcohol. (N.B. — Hydrochrysamid is obtained 
by the reduction of chrysammio acid 
Ci 4H4(N04)404, which is the product of the 
action of nitric acid on aloes.) 

1 : 8-disulphonio acid with milk of li^ under 
pressure with or without the addition of calcium 
chloride. 

Chrysazin forms reddish-brown needles, 
which melt at 101°. It dissolves in alkalis and 
sulphuric acid, with a red colour. Its diaectate 
melts at 227°-232°. 

Crude dinitroanthraquinone contains a com- 
pound which is converted into chrysazin dimethyl 
ether on treatment with methyl alcoholic potash. 

Literature . — Liebcrmann (Annalen, 183, 184). 

Derivatives of Chrysazin. 

Monopotassium salt. Chrysazin is dissolved 
jn a little hot dilute potassium hydroxide solu- 
tion. The salt separates in orange-red needles 
which contain water of crystallisation, and on 
heating at 100° becomes anhydrous, the colour 
changing to violet. 

Cnrysanthranol, 1:8- Dihydroxyanthranol. 

This substance, which possesses therapeutic 
value similar to that which characterises 
chrysarobin, may be obtained by the reduction 
of chrvsazin with hydriodio acid and phosphorus. 
It melts at 177°, and forms a triacotyl derivative 
melting at 210°. 

4 : 6-Dlchlorochrysazin is obtained by passing 
chlorine into a suspension of chrysazin in sul- 

E hurio acid of such a concentration that the 
.p. is 120°. 

Chrysazinamlde, 1 - Amlno-8'hydroxyanthra- 
qulnone is obtained by saturating a chrysazin 
paste with ammonia at 0° and heating in a 
sealed tube. 

Chrysazin-disulphonio aeid is obtained by 
sulphonation of chrysazin with oleum (20 p.o. 
SO.). It is isolated os a potassium salt, and 
on fusion with alkali yields a dihydroxychrysazin 
melting at 292° (acetyl derivative, m.p. 233°- 
240°) and isomeric, but not identical with a 
tetrahydroxyanthraquinone obtained by fusing 
chrysazin with potassium hydroxide in a vacuum. 
The latter substance occurs in dark red needles 
melting at 217°, and forming a tetracetyl deri- 
vative melting at 195°. 

Dlnitrochrysazln (probably 4 : 5-dinitro-l : 8- 
dihydroxyanthraquinone). C^sazin dimethyl 
ether (obtained from 1 : 8-dinitroanthraquinone 
by the action of sodium methoxide) is nitrated 
by means of a mixture of nitric and sulphuric 
acids. The resulting dinitrochryeazin dimethyl 
ether crystallises from chlorobenzene in green 
needles melting at 232°-233°. It may be 
hydrolysed by not 10 p.o. sulphuric acid, and 
the dmitrochrysazin separates from chloro- 
benzene in orange-yellow crystals melting at 
232°-234°. Chrysazin is coming more and more 
into use as an intermediate for the preparation 
of dyestuffs, and, for example, the processes 
which are used to convert anthrarudn into 
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Alizarin Saphirol may also be applied to chry- 
sazin, and the product is a valuable wool dye. 
For this reason it is not the invariable pracuce 
to separate anthraquinone-1 : 5- and 1 : 8- 
disulphonic acids, but instead the mixture may 
bo converted into a mixture of antliraruliu and 
ohr3w^in, and by successive sulphonation, 
nitration, and reduction, either with stannous 
chloride or with sodium sulphide, a useful d} 
of Alizarin Saphirol type obtained. 

There is further a general similarity between 
quinizarin, anthrarufin, and chrysazin as regards 
the production of acid dyes by condensation 
with aromatic amines followed by sulphonation. 
Thus condensation of anthrarufin and 'p-tolui<line 
followed by sulphonation of the product leads 
to the dyestuff Anihraquinoue Wiolet^ and similar 
products may be prepared from chrysazin. 
('hrysazin is not a mordant dyestuff, ^but dinitro, 
dihydroxylamino, and diaminochrysazins can 
be applied to mordanted fabrics. The dinitro 
compound dyes chromed wool blue. 

Literature . — Schrubsdorff ( Ber. 30, 2930) ; 
Wobling (Ber. 30, 2941); Nblting (Cliom. Zeit. 
1910, 977 ; J. Soc. Chem. Ind. 1898, 372 ; 1900, 
342; 1900,314). 

Dihydroxyanthraquinone (7), described as 
isoohrysazin, has been obtain^ by Lifschutz 
(Ber. 17, 897) by treating dinitroanthraquinone 
with concentrated sulphuric acid. 

It crystallises from alcohol and ether in 
deep-red needles, which melt at 176°- 180°. It 
dissolves in alkalis and in ammonia with a 
reddish-violet colour, and in sulphuric acid with 
a reddish yellow colour. When heated it 
sublimes readily, and at a comparatively low 
temperature, in orange-red platos or needles. 
It does not dye mordanted cloth. 

The diacetyl compound melts at 100°-106°. 

In view of the fact that dinitroanthraquinone 
is a mixture of the 1 : 5- and 1 : 8-i8omoride.s, 
it appears very probable that this supposed 
dihydroxyanthraquinone is a mixture. 

Constitution of the dlhydroxyanthraqulnones. 
The synthesis of quinizarin from phthalio 
anhydride and quinol establishes its constitution 
as 1 : 4-dihydroxyantbraquinone 
OH 



OH 


Further alizarin and 
the condensation 
catechol. 

It follows that these ooloi 


d hystazarin are produced by 
of phthalic anhydride with 


matters are 


mrmg 

represented by the following formme 

\/\co/\/ 


The synthesis of alizarin from hemipinic acid Is 
conclusive evidence that the formula 1. represents 
alizarin, and consequently II. is the structure of 
hystazarin. 

Again, purpurin is produced by the oxidation 
of both alizarin and quinizarin, and must there- 
fore be 1 : 2 : 4-trihydroxyanthraqumone 
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On reduction it yields neither alizarin, nor 
quinizarin, but piirpurozanthin, which is 
obviously 2 : 4*dihydrozyanthraquinone (the 
««aino position as 1 : 3). 

Similar ai^uments can be developed with 
respect to the remaining isomerides of alizarin. 

Alizarin Indigo G (Bayer, D. K. P. 237199) 

0 

|/\/CO\A=c<«0>o.H.Br. 

This is a vat dye obtained by the condensation 
of dibromoisatin chloride with a-anthrol. The 
solution in sodium hydrosulphite is yellow- 
brown, and cotton is dyed in pure greenish- blue 
shades of excellent fastness. 

III. Trlhydroxyanthraquinones : Anthrapur- 
purin, /sopurpurin, Hydroxytsoanihraflavlo acid. 
1:2: 7-Trihydroxyanthraquinono 

CO 

ho/\/CO\/\oh 

This important colouring matter is contained 
in crude artificial alizarin, it is formed by fusing 
/9-anthra(|uinonedisulphotiic acid, isoanthra- 
flavic acid, inetabonzdihydroxyanthraquinone, 
or a-dibroraanthraquinone with potash. 

The preparation of this substance is a some- 
what teuions process, dependent on the fact that 
anthrapur])urin differs from alizarin in the 
behaviour of its alumina lake. The former, on 
treatment with an alkaline carbonate, is dis- 
solved, whilst the alizarin lake remains un- 
attacked. The solution containing the anthra- 
purpnrin is filtered from the alizarin lake, heated 
to toiling; and acidified with hydrochloric aoid. 
The anthrapurpurin thus obtained is purified by 
conversion into its difficultly soluble sodium 
compound, and from this, by precipitation with 
barium chloride, the barium salt is obtained, 
which is decomposed with hydrochloric aoid. 
The precipitate is collected on a filter, well washed 
with water and recrystallised from glacial ace- 
tic aoid. 

As already mentioned above, the manufacture 
of alizarin always implies the production of a 
certain amount of the anthraqumoue 2 : 6- and 
2 : 7-disulphonio acids, and the methods by 
which these substances are isolated have toon 
discussed. On fusion with alkali it is possible 
to obtain from these sulphonio acids eitner the 
corresponding dihydroxyanthraquinones or, on 
the other hand, to imitate the alizarin fusion 
and to introduce a further hydroxyl group. 
In this way anthrapurpurin and fiavopurpuim 
are prodnoed on a commercial scale. The 
temperatnxe of the fusion must be considerably 
higher than that which suffices for the conversion 
of * silver salt’ into alizarin. The conversion 
of anthraflavic acid and isoanthraflavio acid into 
oorrespondi^ tiihydro^anthraquinones ooours 
with very di&rent rapidity, the former substance 


(which yields anthrapurpurin) reacting sluggishly. 
Wedekind and Go. (D. R. P. 1949&) fuse 100 
partq of anthraflavic aoid with BO parts of salt- 
petre and 1500 volume parts of caustic lye 
(b.p. 185®) at 215®-225®. Bayer (D. R. PP. 
20w97 and 223103) employ only a 20 p.o. 
caustic soda solution and a temperature of 
180°-200®. If, however, in fusing the disul- 
phonio acids with alkali the temperature 
necessary is quickly reached, it is probable the 
reaction first leads to alizarin su^onio acids, 
which arc subsequently changedf to anthra- 
purpurin and flavopurpurin. The following 
example of the proportions used in the fusion 
may oe given : — 

Two cbm. of the disulphonio acids liquor 
(obtained as already described) containing 
solid in suspension and with a dry content 
amounting to 27 ‘65 p.o., equivalent to 553 kg. 
of the sodium salts, is mixed with 180 kg. 
saltpetre and 1012 litres of soda lye of 45° 
(containing 018 kg. NaOH). This mixture is 
heated nearly to boiling, and three drums of 
solid caustic soda then added (795 kg.). This 
procedure ensures the rapid heating of the 
mixture which is so necessary to obtain good 
results. The reaction is carried out in apparatus 
similar to that used for the preparation of 
alizarin, and the operation of fusion occupies 
48 hours. The product is worked up much 
in the same way as alizarin, and is brought into 
oommerce in the form of a paste. The impurity 
ptosent in these trihydroxyanthraquinones is 
usually anthraflavic acid, and this may be 
separated by taking advantage of the insolu- 
bility of the sodium salt of anthraflavic aoid in 
sodium hydroxide solution of 10®-12® B6 In 
order to separate the anthrafla\io acid it is 
accordingly merely necessary to dilute to this 
concentration and filter off the sodium anthra- 
flavatc. 

Anthrapurpurin crystallises in orange- 
coloured needles, which melt above 330°, and, 
when carefully heated, sublime in long red 
needles. It dissolves in alkalis with a violet 
colour ; the solution shows the same absorption 
spectrum as alizarin 

With acetic anlwdride anthrapurpurin forms 
a triacetate G, 4 H 5 (( 3 |H 30 )s 05 , which crystallises 
in yellow needles, melting at 220°. 

By careful hydrolvsis the triacetvl deriva- 
tive may be converted to a diacetyl derivative, 
a micro-orystallino pale yellow powder which 
melts at 175°-178°, and is also obtained by the 
moderated acetylation of anthrapurpurin. This 
substance possesses therapeutic value. When 
heated with ammonia, anthrapurpurin is con- 
verted into anthrapurpurinamide 

CuH4(NH3)(0H).0. 

Anthrapurpurin has the same affinity for 
mordants as alizarin; the colours it produces 
are also analogous to some extent, as it produces 
reds with alumina, purples and blacks with iron 
mordants. There is, nowever, a considerable 
difference in the shade of colour produced, the 
reds ^i]^ much purer and less blue than those 
of alizarin, whilst the purples are bluer and the 
blacks more intense. When used in Turkey-red 
dyeing it produces very brilliant colours of a 
scarlet shitoe, which are of remarkable per- 
manence. 
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rjieraiure, — Perkin (Chem. Soc. Trane. 25, 
650 ; 26, 425; 29, 861); Caro (Ber. 9, 682); 
Sohonok and Romer (Ber. 9, 679 ; 10, 972, 1823 ; 
13, 42) ; Rosenstiehl (Bull. Soc. chim. 29, 405) ; 
Auerbach (J. 1874, 488) ; Ullmann (Enzyk, 
der Tech. Chem. under Alizarin). 

Furpurin 1:2: 4-TrihydroxyanthraquinoDe 

CO 

/X/^°\/\OH 

1 


\/\co^ 


Furpurin occurs along with alizarin in 
madder, probably as a glucoside. In order to 
separate it from alizarin, the mixture of the two 
substances is repeatedly recrystallised from a 
hot solution *of alum, in which purpurin is more 
soluble than alizarin, or the mixture is dissolved 
in caustic soda and the solution saturated with 
carbonic acid. This precipitates the alizarin, 
but not the purpurin. 

Purpurin is obtained when alizarin or 
quinizarm (1 pt.) is heated with pyrolusite 
(1 pt.) and concentrated sulphuric acid (8-10 pts.) 
at 160^ The oxidation of alizarin to purpurin 

also effected by the action of ammonium 
persulphate in sulphuric acid containing sul> 
pliuric anhydride. a>Aminoalizarin is changed 
to purpurin by the action of nitrous acid in 
sulphuric acid solution, or by the action of 
sulphuric acid alone at 150^. Alizarin yields 
purpurin by the action of sulphuric acid at 
225°. Alizarin sulphonic acid is oxidised by 
heating with sulphuric acid and a nitrate to 
purpurin sulphomo acid, and the latter yields 
purpurin on heating under pressure with dilute 
mineral acids. Anthraquinone-1 -sulphonic acid 
if heated with oleum containing a high per- 
centage of is changed to a sulphuric ether 
which is hydrolysed by heating with sulphuric 
acid, and the product is purpurin- 1 -sulphonic 
acid. This dyes alum mordanted wool in red 
shades, and may be converted into purpurin. 

Purpurin crystallises from dilute alcohol in 
long orange-coloured needles, which contain 
1 mol. HgO. The pure substance begins to 
sublime at 150°, and melts at 253°. It is 
slightly soluble in water, forming a deep yellow 
solution ; in alkalis it dissolves with a purple- 
red colour ; in alkaline carbonates with a red 
colour. The solution in alkalis shows two 
marked absorption bands in the green. Purpurin 
also dissolves readily in ether, carbon disulphide, 
benzene, and acetic acid; these solutions give 
two absorption bands, one at v and the other 
near b; the solution in sulphuric acid shows 
another line in the yellow. When boiled with 
acetic anhydride it yields a triacetate, 

CuH.(C,H,0),0., 

which crystallises in yellow needles, melting at 
192M93° 

Aqueous ammonia at 150° converts purpurin 
into purpurinamide 

C.H,<^^,H(NH,)(OH), (OH:OH!NHs 
-1:8:4), 

which, when boiled with ethyl nitrite, yields 
purpuroxanthin. 


Purpuroxanthin is also the product when 
purpurin is reduced with either alkaline stannous 
chloride or sodium amalgam. If, however, 
zinc-dust be employed as the reducing agent in 
weakly alkaline, neutral, or acid solution, then 
the leuco- compound of quinizarin is obtained. 
Purpurin is converted into 2-anilino- 1 : 4- 
dihydroxyanthraquinone when heated with a 
mixture of aniline and aniline hydrochloride.^ 
A certain amount of dianilino-hydroxyanthra- 
quinone is produced at the same time. 

Purpurin dyes fabrics much in the same way 
as alizarin and anthrapurpurin, there being, 
however, a difference in the shades. The reds 
produced by purpurin are much yellower, and 
the browns (with chrome mordant) much more 
intense than are produced eiAier by alizarin or 
anthrapurpurin. 

The following figure shows the absorption 
spectrum of a solution of purpurin in aluminium 
sulphate : — 



Alizarin Biue Black B, 3B, 0 (Ba^cr), is 
obtained by the condensation of purpurin with 
aniline followed bv sulphonation of the product. 
The dye is applied on a chromium morrlant. 

Purpurin-3 : 8-disulphonlo acid is obtained 
by heating the potassium salt of anthraquiiiono- 
1 : 6-disulphonic acid with boric acid ana 40 p.o. 
oleum under 6-7 atmos. pressure. The pur- 
purin disulphonic acid so produced forms a 
potassium salt which crystollises from diliiio 
hydrochloric acid in yellow red leaflets whu li 
have a bronze lustre. Heated at 180° with 7l* 
p.c. sulphuric acid the disulphonic acid is changed 
to purpurin-S-sulvhonic acid, and in the presenc e 
of a mercury salt into purpurin itself (Bayer, 
D. R. P. 172*088). The action of alkali sulphites 
on pu^urin leads to the production of imr/ncrm- 
3‘8ulphonic acid, which may readily bo recon- 
verted into purpurin. 

3-Chloropurpurin is formed along witli 
dichlorojmrpurozanthin by the action of sul- 
phuryl chloride on a sulphuric acid solution 
of 2 : 4-dihydroxybenzoylbenzoio acid in the 
presence of boric acid. It crystallises in deep 
red nocillcs molting at 270°-273° (Mettler, Ber. 
45, 800). 

Flavopurpurln. 1 2 : 6-Trihydroxyanthra- 
quinono 

m 


Flavopurpurin occurs in commercial artificial 
alizarin, but is with difficulty isolated from this 
product, owing to the fact that its chemical 
properties am:^ so closely with those of anthra- 
purpurin, ^amich is also nearly always present 
in artificial alizarin, that it can only with difli- 
oul^ be separated from this substance. 

It is prepared by fusing /9-anthraquinone- 
disulphonio acid or anthroflavic acid with 
potash or soda with or without the addition of 
a nitrate or chlorate. The details of the teohnioal 
preparation have been discussed above under 
Afuhrapwrfmin. 
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It may be Byntheeised by the following series 
of reactions 

Hemipinic anhydride condenses with anisole 
in the presence of anhydrous aluminium tri- 
chloride, yielding the trimethyl ether of 4 : 6 : 6* 
trihydrosybenzoyl benzoic acid. 


PO 

- r^+o< Y^,om. 

MeO\/' ^CO "X/ 

Hemlpliiic anJiydrlde. 


no 

rr Y>= 


Anisole. 


>OMo 


MoO' 


PO 

.MoO\/' HOCOX/* 
Trimothoxybonzoylbenzolo acid. 
This benzophonone derivative is reduced bv | 
zinc-dust and concentrated hydrochloric acicl, 
and the product is 4 : 5 : G-trimethoxydiphenvl- 
methanccarboxylio acid, which is changed by 
sulphuric acid to 1 : 2 : 6-trimethoxyanthrone. 

OMe 

MeOl J HOCO! 

4:6: 6-triiiiethozydlphouylmothanecarboxyllc acid. 

OMe 

V/Nco/Y 

1:2: 6-trlmothoxyanthFone. 

1:2: 6<trimothoxyanthrono crystallises from 
benzene in small needles melting at 170^. It is 
oxidised by chromic acid in glacial acetic acid 
solution to the trimethyl ether of flavopurpurin, 
which consists of yellow needles, crystallises from 
acetic acid, and molts at 225^ The trimethyl 
ether is hydrolysed to flavopurpurin by the action 
of aluminium chloride at 210^. 

Flavopurpurin crystallises from alcohol in 
anhydrous yellow needles, sparingly soluble in 
water, but readily soluble in cold alcohol. Its 
melting-point lies above 330*. 

It dissolves in caustic alkalis with a purple 
colour ; the solution shows two absorption bands, 
one in the blue and the other near the red, 
but a little further removed than the alizarin 
band. 

Flavopurpurin dyes mordanted fabrics simi- 
larly to alizarin, there being, however, a slight 
difference in the shades produced. The red 
shade is somewhat duller and ^llow^er; the 
brown shade is also yellower. Flavopurpurin 
dyes wool mordanted with tin crystals and 
cream of tartar a bright yellowish orange. 

When heated wiui acetic anhydrioe, flavo- 
purpurin yields a triacetate 
which crystallises from alcohol in golden-yellow 
plates melting at 238*. 

Direct methylation converts flavopurpurin 
into a dimethyl other, but, as in the case of 
alizarin, a trimethyl ether is obtained by oxida- 
tion of the product of methylation of deoxy- 
flavopurpurin (Graebe, Ber. 38, 152). 

AliarinRedSW.S. is the sodium salt of the 
monosulphonic acid of flavopurpurin. 

Aliurill Onmgt G. Nitroflavopurpurin. 


is similarly constituted to jS-nitroalizarine. It 
is obtained by the nitration of flavopurpurin with 
ordinary nitric acid. Fast orange shades can be 
produced by applying this compound with an 
aluminium moraant. 

On treatment with glycerol and sulphuric 
acid a trihydroxyanthraquinone quinoline of 
the constitution 

“‘^/^coAA 




is produced, the bisulphite compound of which is 
the dyestuff Alizarin Black P. 

It is used for producing a fast violet grey to 
black in cotton-printing. 

Literature . — Caro (Ber. 9, 682) ; Schunck and 
Romer (Ber. 9. 679 ; 10, 1823 ; 13, 42) : Bis- 
trzyeki and Yssel de Schepper (Bor. 31. 2798). 

Anthragallol. 1:2: 3-Trihydroxyanthraqui- 


CO 


OH 


X/\OH 


\/\,o/\/ 


OH. 


Anthragallol does not itself occur in nature, 
but its three isomeric dimethyl ethers have been 
found in Chay root {Oldenlandia umbeUaia). 
Anthragallol is formed when a mixture of 
gallic acid (1 pt.), benzoic acid (2 pts.), and 
sulphuric acid (20 pts.) are heated to 125* for 
eight hours. 

^COOH 

+ -! loH 




Benzoic acid. 


HOCO 


Gallic acid. 


/\/ 


CO, 


OH 


,OH 

'oh 


+ 2Ha0. 


Anthragallol. 

The product is poured into water, well 
washed, and recrystaliised from alcohol. 

It is also obtained from 1 : 3-dinitro-2-hydro- 
xyanthraquinone (the nitration poduct of 2- 
hydroxyanthraquinone) by reduction in strongly 
aUcaline solution. Or 1 : 8-diamino-2-hydTO- 
xyanthraquinone may be converted to anthra- 
gallol by heating with hydrochloric acid under 
pressure. 

Anthragallol orystallisea in yellow needles 
which, when heatM to 290*, sublime without 
melting. It is sparingly soluble in water, 
chloroform, or carbon disulphide ; readily soluble 
In aloohol, ether, or glacial aoetio aoid. 

It dissolves in alk^ forming a green solution. 
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lU Mcetote Ci 4 H,(. 0 ^g 0 ), 0 , mdts at 171°- 
173 • 

With an ezoess of ammonia anthr|gallol 
reaotB, forming anthragallolamide« 1-amido- 
S : S-dihydiozyanthraquinone. 

LUerature . — Seuberlioh (Bar. 10, 39). 

By the action of dimethyl sulphate in boil- 
ing nitrobenzene and in presence of anhydrous 
sodium carbonate anthragallol yields the dimethyl 
ether which occurs in orange needles melting at 
169°- 160®, and forms an acetyl derivative 
melting at 167®. Concentrated sulphuric acid 
hydrolyses this substance at 100® and forms a 
monomethyl ether melting at 233® (acetyl 
derivative, m.p. 184®), whilst the action of a 
great excess of methyl sulphate and sodium 
carbonate at 180® converts either the mono- 
methyl ether or the dimethyl ether into anthra- 
gallol trimethyl ether, which is lemon-yellow 
and melts at 168° (Bock, Monatsh. 23, (0) 1008). 

Hydroxyanthrarufln, 1:2: 5-Trihydroxyan- 
thraquinone. This substance is readily obtained 
by heating anthrarufin with a mixture of 
sodium and potassium hydroxides at 180®-185® 
in the presence of water and sodium nitrate. 
It is also produced when alizarin is dissolved 
an 70 p.c. oleum to which boric acid has been 
added, and the mixture agitated at 30®-36® 
untU a pure violet solution has been obtained. 
The sulphuric ester so produced is then hydro- 
lysed in the usual manner. The two methods 
combined determine the constitution of this 
trihydroxyanthraquinone which crystallises from 
acetic acid in red needles melting at 273°-274°, 
and forms a triacetate molting at 227®. Hy- 
droxyanthrarutin is a valuable mordant dyestuff. 

Literature. — Lieborraann and Boeck (Ber. 11, 
1716) ; Liebermann and Dehnst (Ber. 12, 1289) ; 
M. L. B. (D. R. PP. 196028 and 196980) ; By 
(D. R. P. 156960) ; Ziegler (J. pr. Chem. 86, 
297). 

Hydroxychrysazln. 1:2: 8-trlhydroxyanthra- 
quinone. Chrysazin is converted into this sub- 
stance by fusion with aqueous sodium and 
potassium hydroxides in presence of sodium 
nitrate at 180®. It crystallises in orange needles 
melting at 2.30®, and forms ja triacetyl derivative 
melting at 219°. The dimethyl ether forms light 
yellow needles melting at 167°. 

1:4: 8-Trihydroxyantliraquinone. Oxidation 
of ehrysazin by means of 80 p.c. oleum and boric 
acid at 26®-36° yields the sulphuric ester of this 
isomcride, and on heating with ordinary sul- 
phuric acid the substance is obtained. It 
separates from pyridine in brown- red needles 
with green metallic rellox and dissolves in 
aqueous sodium hydroxide, and also in sulphuric 
acid to a violet solution (By, D. R. P. 161026). 
This compound is also obtained by the reduction 
of Alizarin Bordeaux. 

1:3: 8-Trlhydroxyanthraquinone. The tri- 
hydroxyanthraquinone obtained from rhein 
through its amide and dihydroxyaminoanthra- 
quinone (Oesterle, Arch. Pharm. 1912, 260, 301) 
is not identical with hydroxychrysazln, and 
since rhein must be either chrysazin-2- or 3- 
carboxylic acid, this fact favours the latter 
theory. 1:3: 8-Trihydroxyanthraquinone melts 
at 277®-278®, and yields a triacetyl derivative 
melting at 197®- 198®. 

1:4: 0-Trlbydroxyaiiihraquiiione is the chief 
product when 4-aminophthalio anhydride is 


heated with quinol and concentrated sulphuric 
acid at 170®-190®. 


IV. TeMiydroxyanthraqulnones. 
Anthnohrysone 1:3:6: 7-Tetrahydroxy- 
anthraquinone 

ro 

II i I 
\/VoA/OH 


The preparation of this body is effected by 
heating 3 : 6-dihydroxy benzoic acid with 10 
parts of sulphuric acid for 3 to 6 hours. 

The substance consists of silky yellow needles 
when crystallised from alcohol, or it can be 
sublimed with partial decomppsition in leaflets. 
It docs not molt at 360®. 

Anthrachrysone has a very feeble affinity for 
mordants. Its tetraacetate crystallises in 
yellow needles from acetic acid, and melts at 
263®. 

A solution of anthrachrysone in 33 p.o. 
aqueous sodium hydroxide ^posits a lustrous 
vivid red sodium salt which is converted into a 
crystalline ammonium salt by ammonium 
chloride. A crystalline potassium salt is also 
known, and when this is heated with methyl 
sulphate at 180®- 190° it Is converted into anthra- 
chrysone dimethyl other wliioh crystallises 
from nitrobenzene in golden brown columns and 
forms a sodium salt crystallising in orange-red 
needles. The diacetyl dorivative melts at 266®. 
The methvlation also results in the production 
of a small proportion of anthrachrysone tetra- 
methyl ether which crystallises in golden-yellow 

5 risms melting at 294® (Fischer and Ziegler, 
. pr. Chem. 1912, ii. 86, 297). Anthrachrysone 
condenses with secondary bases, such as diethyl- 
amino, and formaldehyde, with the production 
of tetraalkyldiaminodimethylanthrachrysones. 
The compound 




i JnTT 


HO 


is obtained from diethylamine (M. L. B.,D. R. P. 
188189). 

Literature. — Hohenemer (Ber. 36, 2306) ; 
Barth Senhofer (Annalon, 164, 109) ; Noah 
(Ber. 19, 755). 

1:3:5: 7-Tetrahydroxyanthraqulnone-2 : 6- 
disulphonic acid is obtained by heating anthra- 
chrysone with an excess of fuming sulphuric 
acid (D. R. P. 70803). It forms a characteristic 
sodium salt which crystallises in glistening 
coppery platelets. By the action of chlorine 
it IS converted into a dichhro- derivatite, whilst, 
on the other hand, sodium hypochlorite converts 
the sodium salt into dickhroanthrachrysone by 
elimination of the sulphonic groups. Dibromo^ 
anthrachrysone is obtained by bromination of 
anthrachrysone in acetic acid solution. It melts 
at above 290°. and occurs in orange-red needles. 
The action of bromine on a solution of the disul- 
phonic acid in dilute acetic acid is to produce 
tetrabromoanthrachrysone, dark-rod needles melt- 
ing above 300®. 

Various dyestuffs aie derived from anthia- 
chrysono. 
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Dinitroanthraehrysonedlsulpboiiie acid 

is pre^red by sulphonation, followed by nitra> 
tion of anthracbrysone. 

^ It is a fast brown wool dye. 

On reduction it yields diaminoanthraohiy< 
Bonedisulphonio acid, which dyes wool violet 
from an acid-bath, or blue on a chromium mor- 
dant. 

If, however, the reduction is carried out in 
alkaline solution with sodium sulphide, then the 
dyestuff Add Alizarin Green B and G results. 

The constitutidSi of this product is 
SH OH 

HO/\^ \/\S0.Na 

It dyes chromed wool a fast, pure green. 

Add Alizarin Blue BB and GR 

o: 

is obtained by boiling diaminoanthrachrysone 
disulphonio acid with alkali. A red shade is 
produced on wool from an acid-bath, which on 
chroming develops a beautiful blue, exceedingly 
fast to light milling, acids or alkalis. 

8-Nitro-4-anlllno-l : 3 : 6 : 7-tetrahydroxy- 
anthraqulnone-2 : 6-dlsulphonlo add is obtained 
in the form of its triso^um salt (dark bluish- 
violet crystals with coppeiy lustre) by heating 
a solution of 4 : 8-dmitro-l : 3 : 6 : 7-teirahy- 
drozyanthraquinone-2 : O-disuljphonic acid in 
aqueous sodium carbonate with aniline. A 
similar replacement of the nitroxyl by anilino 
occurs with the unsulphonated oinitro- com- 
pound (Heller and Skraup, Bor. 40, 2703; 
D. E. P. 71964). 

Ruflopln, 1:2:0: O-Tetrabydroxyanthra- 
qulnone. 

This tetrahydroxyanthraquinone is obtained 
by heating opianio or hemipinio acids with 
sulphuric acid at ISO*". 

Also by fusing the disulphonio acid of anthra- 
ruffn with potash. 

It forms a reddish-yellow crust from ether, 
and can be sublimed in orange needles. 

It gives a yiolet-red solution in dilute alkalis 
or in sulphuric acid. A curious property of 
rufiopin is its stability towards fusion with 
potash. 

The substance is of no value as a dyestuff, 
since it gives only dull-brown shades with 
mordants. 

lAteralure , — Liebermann and Chojnacki 

(Annalen, 162, 323) ; D. R. P. 103988. 

a- and i3-Hydroxyanthragallols. 

A mixture of these substances is produced 
when equimoleoular proportions of gallic and 
m-hydroxybenzoio acids are heated at 150^, 
with 10 parts of sulphuric acid for twenty 
hours. 


The product is poured into water and the 
dried precipitate extracted with alcohol. This 
extr^t is evaporated and the residue treated 
with not benzene. The a- compound passes into 
solution, whilst the /9- remains undissolved. 

a-Hydroxyanthragallol czystallises from 
alcohol in golden yellow micro- needles. It 
forms a green solution in alkalis, whilst that in 
sulphuric acid is violet, and shows two absorp- 
tion bands between f and d. With mordants 
It behaves similarW to rufigallio acid. 

Its tetraacetyl derivative melts at 207°- 
209°. 

i8-Hydroxyanthr^allol orvstallises from 
alcohol and occurs in red neeales. Its brown- 
red solution in sulphuric acid shows two absorp- 
tion bands between e and h. 

The tetra-aoetate crystallises kom glacial 
acetic acid in lemon-yellow tables of m.p. 
189°. 

Literature , — ^Noah (Annalen, 241, 270). 

1:2:3: 4-T6trahydroxyanthraquinone is 
obtained by heating anthragallol with sulphuric 
acid in the presence of boric acid at 200°-240°. 
It consists of green needles soluble in both 
alkalis and sulphuric acid with red colour. 
The tetraacetyl derivative melts at 205°. « 

Literature , — Bayer and Co. D. R. P. S6968. 

Alizarin bordeaux (Quinalizarin). 1 : 2 : 5 : 8- 
Tetrahydroxyanthraquinone 


OH 


OH 

X)” 


Ailzarm bordeaux is by far the most impor- 
tant of the tetrahydroxyanthraquinonos. 

It has been obtained by the hydrolysis of its 
dimethyl ether (see below) with a solution of 
hydrochloric acid in acetic acid at 200°. 

It is prepared by heating alizarin (1 pt.) with 
sulphuric acid (10 pts. containing 80 p.c. SO,) 
for four days at 26°-60°. This yields the 
sulphuric acid ester of alizarin boraeaux, to 
obtain which the reaction product is rendered 
alkaline and then boiled with an excess of 
hydiochloric acid. 

It is found that the oxidation of alizarin 
occurs more readily in presence of boric acid. 

Alizarin bordeaux can be obtained in deep 
red needles with green metallic reflect'on. 

On an aluminium mordant it produces 
bordeaux shades ; violet blue on chromium. 

The tetraacetate crystallises from chloroform- 
alcohol in micro- needles of m.p. 201°. 

Dimethyl ether. 

This substance is synthesised by heating 
hemipinic acid and quinol with sulphuric acid 
to 130°. 

The brown-red micro leaflets obtained by 
crystallisation from benzene melt at 225°-230°. 

Literature , — Schmidt (J. pr. Chem. [2] 43, 
239) ; Liebermann and Wenso (Annalen, 240, 
299). 

Alizarin Green S (B). 

Alizarin blue can be oxidised by means of 
sulphur trioxide, and the product on treatment 
with sulphuric acid gives a dihydroxyalizarin 
blue of the probable constitution 
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I to by wbioh purpuxin is produced irom 
I alizurin. The substance ox^staUises in bronze- 
oolou^ leaflets from nitrobenzene. The blue 
, solution in oonoentrated sulphuric acid exhibits 
red fluorescence. 

Alizarin cyanine R. yields a handsome blue 
chromium lake. 

Alizarin Indigo Blue 8« 


Alizarin Green S (B) is the bisulphite com- 
pound of this tetrahydroxyant^aquinone 
quinoline. It dyes very fast bluish-greens on 
chromed wool. 

1:4:5: S-Tetrahydroxyanthraquinont 


OH OH 

cxrx) 


OH OH 
This substance has been obtained by the 
action of sulphuric acid on pp-dinitroaiithra- 
rufin (By, D. R. PP. 126679, 162033), but the 
following method establishes the constitution of 
the substance : — 

• 6 : 8-Dichloroquinizarin is heated for 20 
hours at 250° witji milk of lime and copper. 
The product is acidified with hydrochloric acid, 
and the substance may then be collected and 
crystallised from a mixture of benzene and 
ligroin. The brown needles melt at 246®, and 
dissolve in alkaline solutions with a comfiower- 
blue colouration. The sulphuric acid solution 
exhibits two bands in the red and yellow 
respectively. 

It is interesting that this tetrahydroxy- 
anthraqumone has powerful mordant dyestuff 
properties (Frey, Ber. 46, 1361). 

The tetraacetyl derivative forms light yellow 
needles melting at 260° with decomposition, and 
the difficultly soluble blue potassium salt is 
converted by methyl sulphate at 180° into a 
totramethyl other, which crystallises in lustrous 
orange leaflets and melts at 317° (Fischer and 
Zei^er, J. pr. Chem. 1912, ii. 86, 297). 

Dlhydroxychrysazins. Two isomeric tetra- 
hydroxyanthraquinones have been obtained 
from chrysazin. The first (Schrubsdorff, Ber. 


OH OH 

ho/Y^°Y>u 

Lih 

V 

is the bisulphite compound of the pentahydroxy- 
anthra^uinone quinoline, obuainea by the further 
oxidation of alizarin Green S (B) with con- 
centrated sulphuric acid at 200°. It yields 
fast indigo- blue shades on crome mordanted 
wool. 

Dihydroxyanthragallol. 1 : 2 : 3 : 6 : 7-Ponta. 
hydroxyanthraquinone 


HO 


CO« 


OH 


OH 


CO 


\/\01I 


'OH 


Equimolecular amounts of gallic acid and 3 : 5- 
dihydroxy benzoic acid are heated to 160* for 
ten minutes with ton times their weight of 
sul phuric acid. The product contains dihydroxy- 
anthragallol, rufigallio acid, and anthraenrysone. 
In order to separate them, advantage is taken of 
the fact that only dihydroxyanthragallol penta- 
acetate is soluble in alcohol. The acetate so 
obtained is hydrolysed with cold sulphuric acid. 

Dihydroxyanthragallol crystallises from al- 
cohol in small red needles, wliicJi do not melt at 
360°. The substance is similar in tinctorial 
properties to rufigallio acid. 

The pentaacetate melts at 229°. 

Ltterature . — Noah (Annalen, 241, 276). 

VI. Hexahydroxyanthraqulnones. Rufigallol. 


36, 2936) by fusion of chrysazin with potassium , .y i o o «" a « xr u J' 

hydroxide. This isomeiide sublimes in vacuo, Hufigallic acid, 1 ; 2 : 3 : 5 : 6 : 7-Hexahydroxy- 
forms dark-red needles melting at 217°, and o^nthraquinone 


intensely colours ordinary mordants. Its acetat 
melts at 196°. The second compound (Wobling, 
Ber. 36, 2941) is obtained by fusing chrysazin 
disulphonio acid with alkali. This melts at 
292°, and also colours mordants. Its tetra- 
acetyl derivative melts at 233°. 

V. Pentahydroxyanthraquinones. 

Alizarin cyanine R. 1:2 4:6:8-renta 
hydroxyanthraquinone 

OH 


H0/\/^\/'\0H 

Rufigallio acid is produced when gallic acid 
is heated with concentrated sulphuric acid at 
140*. It may be sublimed in yellow needles. 
A violet solution is obtained with alkalis, red 
with sulphuric acid. Baryta produces a blue 
insoluble precipitate. Alizarin is obtained by 
the reduction of rufigallic acid with sodium 
amalgam. The substance is a good example of 
a polygenetic dyestuff, and yields with aluminium, 
iron, and chromium mordants, red, violet, and 
brown respectively. The colours are, however, 
not pure in tone. 

Anthracene Blue. 1 : 2 : 4 : 5 : 6 : 8-hexa- 
hydroxysnthraquinone 


OH 




OH 

'YSoH 
Y- 


(JH 

This valuable substance is obtained by the 
oxidation of alizarin bordeaui; with pyrolusite 
in sulphuric acid solution. The sulphonio acid 
ether so produced is hydrolysed by boiling with 
dilute acid. This oxidation is entirely analogous 
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HO' 

6tl G; 

Antliraoene blue is an important dyestufiP, and 
can be obtained from erytnrozyanthraquinone, 
anthrarufin, or anthracl^eone, by the oxidising 
cotion of B^phur trioxide in sulphuric acid in 
the prraenoe of boric acid. 

it is best prepared by the action of 40 p.c. 
oleum with or without the Edition of sulpiiur 
on 1 ; 6'dinitroanthraquinone, and treatment 
of the product with orainaiy su^huric acid. 

The solution in concentratoa sulphuric acid 
is violet- blue and^shows a brown fluorescence. 
The aluminium lake is violet and the chromium 
lake blue. 

Its disulphonlc acid is Acid alizarin blue 6 B, 
mentioned above, and prepared from anthra- 
ohrysone. 

Bemoln Yellow 

Ph 

I 

c o 

II 



I i( 
/\/ 


!OH 


by the condensation of benzoi'n with 
gallic acid under the influence of sulphuric 
acid. 

It dyes wool on a chromium mordant a fast 
yellow (except to light). 

Gallein CaoHijO, 

_ Oil ^ OH 

°\/\/°\ 





.on 


rCOOH 


Gallein is formed by heating pyrogallol with 
phthalio anhydride. 

Preparation . — A mixture of 1 part of phthalio 
anhydride and 2 parts of pyrogallol are heated to 
190^-200®, the product dissolved in alcohol, and 
the colouring matter precipitated by the addi- 
tion of water. The crude gallein thus obtained 
is dissolved in alcohol, reprecipitated with water, 
and, after repeating this operation a few times, 
converted into the acetate by heating with 
acetic anhydride. This is recrystaUised several 
times, and decomposed with potash. 

Gallein crystallises from alcohol in small 
greenish crystals. It is insoluble in chloroform 
and benzene, sparingly soluble in water and 
ether, readUy soluble m alcohol, forming a dark- 
red solution. It dissolves in cold concentrated 
sulphuric acid >vithout change ; on warming the 
solution coerulein is formed. 

Gallein dissolves in small quantities of potash 
or soda with a red colour ; excess of alkali pro- 
duces a blue solution. Heated to 150® with 
acetic anhydride gallein yields a tetraoetate of 
hydrogallein. 


Gallein (often called anthracene violet) is 
sold in the form of a reddish-brown powder, or 
a 10 |.c. paste ; not ve^ soluble in cold water, 
but readily so in hot. With all the usual aliza- 
rin mordants gallein produces purple colours, 
which are fast to light and soap ; those obtained 
by the use of chromium and iron are bluish, those 
with tin reddish, those with aluminium inter- 
mediate in tone. 

Literature . — Baeyer (Ber. 4, 457 and 663) ; 
Buchka (Annalen, 209, 261) ; Orndorfl and 
Brewer (Amer. Chem. J. 1901, 97). 



Coerulein is prepared by heating 1 part of 
gallein and 20 parts of sulphuric acid to 200®, 
and precipitating the colouring matter by adding* 
a large quantity of water. It is thus obtained 
as a bluish-blaok mass, which, when rubbed, 
acquires a metallic appearance. It is almost in- 
soluble in water, ether, and alcohol, more readily 
soluble in acetio acid. 

It dissolves in alkalis with a green colour, in 
acids with an olive-brown colour. With bisul- 
phite of soda ooerulcin forms an easily soluble 
compound. With acetic anhydride it forms a 
triacetate. Coerulein (anthracene green) is sold 
in two forms, cither as a bluish-black paste con- 
taining 10-20 p.c. coerulein, or as a blacl^ powder. 

The former is insoluble in water, the latter, 
known as coerulein S, is soluble in water, and is 
indeed a bisulphite compound of coerulein. 

Ccsnilein is mostly employed in calico-print- 
ing for producing very fast olive-green shades. 
Whatever the mordant used, only different 
shades of olive-men are produced. 

Ltfero/ure.— Baeyer (Ber. 4, 656, 663 ) ; Om- 
dorff and Brewer (Amer. Chem. J. 1901, 97). 

F. H. G., W. H. P. and R. R. 

ALIZARIN (Natural) v. Cuay boot and 


ALIZARIN AND METHYL ETHER o. Chay 


BOOT. 

ALIZARIN BLACK, -BLUE, -BORDEAUX, 
BROWN, -CARDINAL, -CYANINE, -GARNET, 
GREENS, -MAROON, -ORANGE, -REDS, -SA- 
PHIROL V. Alizarin and alibied coloubinq 

MATT BBS. 

ALIZARIN YELLOW v. Azo- coloubino 

MATTERS ; Ketones. 

ALKALI ALBUMIN v^Protetns. 

ALKALI BLUE. Nkhoison^a blue. Sodium 
triphenyl-roaaniline avlphonate {v. Trifhenyl 

METHANE COLOIJRTNO MATTERS). 

ALKAU BROWNS, -YELLOW v. Azo- co- 

LOUBINO MATTERS. 

ALKALIMETRY v. Acidimetry. 

ALKALI WASTE v. Soda manufacture, art. 
Sodium. 

ALKALOIDS. The alkaloids are nitro- 
genous basic carbon compounds occurring 
mostly in plants, but a lew animals, e.g. the 
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salamander, contcun baaea similar in every 
respect to tj^pioal veffetablo alkaloids. The 
exact demarcation of we group is difUbolt ; 
generally the alkaloids may be said to contain 
neterooyclio nitrogen, to be soluble in solvents 
immiscible with water and to have a complicated 
molecular structure. These characters are, as 
a rule, not possessed by the simpler amines and 
betaines derived from the amino- acids of pro- 
teins, nor by cholme and other bases of general 
biological importance, which, in contradistinc- 
tion to the typical alkaloids, are not limited to 
one, or a few, sjj^ies of plants or animals. For 
a full account ot these amines, betaines, choline, 
&o., V. Barger, The Simpler Natural Bases, 
Longmans, 1914. A list of books dealing with 
alkaloids is given at the end of this article. 

The discovery of the first alkaloid is duo to 
the German pharmacist Sertiimer, who, in 1805, 
isolated from opium a substance * morphium,’ 
which he described more fully in 1817 as a basic, 
salt-forming substance having the principal 
physiological action of the drug. The discovery 
of morphine was quicklv followed bv that of 
other idkaloids, made chiefly bv Pelletier and 
Oaventou. The first volatile alxaloid, coniine, 
*was isolated in 1827 by Giesecke, and nicotine 
in 1828 by Posselt and Biemann. 

Distribution and mode of formation. No 
alkaloids have been obtained from algae and 
mosses, hardly any from fungi, a few oiuy from 
vascular cryptogams and gymnosperms, more 
from monoootvmdons, but the vast majority 
from dicotyledons. Certain large orders, e.g. 
Composite^ Oraminece, are very poor in alkaloids, 
others such as the Ranunculacem, Solanacecn, 
PapavernceiB are typically rich. Generally an 
alkaloid is limited to a single genus or order; 
borberine, however, occurs in several orders. 
The total alkaloids of a plant usually consist of 
a mixture of several bases often closely related, 
which may be present in very different amounts. 

The older view that alkdoids are plastic 
materials capable of further utilisation by plants 
has been disproved by Clautriau (Ann. Soc. 
beige do Microso. 1894, 18 ; Ann. Soc. roy. Sci. 
m6d. nat. Bruxelles, 1900, 9), who concludes 
that they are waste products, only of use as a 
means of defence on account of their poisonous 
properties. The amount of alkaloid is generally 
greatest in the mature plant and in the periphery 
(bark) or in hibernating parts (root) ; it varies 
greatly in different organs. Weight for weight 
young shoots and leaves may contain more 
than older ones. For methods of microscopical 
localisation, see Errera, Maistriau, and Clautriau 
(Ann. Soc. beige de microsc. 1888, 12 ; Clautriau, 
ibid. 1894, 18). 

The mode of origin of alkaloids in plants 
is not understood a]^ has given rise to much 
speculation (Czapek, Biochemie der Pflanzen, 
1905, ii. 267 ; Windaus and Knoop, Beitr. chem. 
Physiol. Path. 1905, 6, 392; Pictet, Arch. Sci. 
phys. nat. 1905, 243, 329; 1906, 244, 389; 
Tunmann, Arch. Pharm. 1910, 248, G44 ; 
Winterstein und Trier, Die Alkaloide, 1910, 263).; 
The most fruitful contribution is probably that 
of Robinson (Trans. Chem. Soc. 1917, 111, 876), 
who utUises only reactions which can be carried 
out in the laboratory at the ordin^ temperature 
and shows how several of the principal mkaloids 
might be built up from ammonia, formaldehyde, 


ormthine, lysine, and degradation products of 
carbohyi^ates, such as citric and acetonedi- 
carl^xylic adds. These substances are imagined 
to undergo aldol and similar condensations, and 
it is interesting to note that Robinson has 
actually synthesised tropinono in aqueous 
solution at room temperature from suooindi- 
aldehyde, methylamine, and calcium acetone- 
dicarboxylate. 

The alkaloids may be classified chemically 
according to the heterocyclic rings in which nitro- 
gen occurs, as derivatives of pyrrolidine (e.g. 
hygrine), of pyridine (e.g. arocolinc), of piperidine 
(e.g. piperine), of glyoxalino (e.g. pilocarpine), of 
inaole (e.g. physostigmino), of quinolme (e.g, 
quinine), and of isoquinoline (e.g, papaverine) ; 
another group contains Akaloids without 
heterocyclic ring, derivatives of aliphatic amines 
(e.g. narceine). Some alkaloids may be classified 
under two of the above or under additional 
groups ; thus atropine and cocaine contain both 
a pyrrolidine ana a piperidine ring, caffeine 
contains a pyrimidine ring in addition to glyoxa- 
line. No cnemical classification can be complete, 
and a large number of alkaloids of insufficiently 
known constitution have perforce to be arranged 
according to the plants (or animals) from which 
they are derived. 

Method of extraction and isolation. Generally 
speaking, alkaloids, whether occurring in the 
free state or as salts of organic acids, are 
extracted from the finely powdered material 
by means of strong spirit. After distilling off 
the alcohol, the bases are extracted from the 
residue by dilute acids, liberated by the addition 
of ammonia or sodium carbonate and extracted 
by chloroform, ether, or carbon tetrachloride. 
This gives the total alkaloidal content of the 
plant, except whore a quaternary base is 
present, when methods similar to those em- 
ployed for the simpler natural bases, e.g. pre- 
cipitation with mercuric chloride or phospho- 
tungstio acid, are utilised. Certain stable 
alkaloids may be extracted from a mixture of 
the finely powdered plant with lime or magnesia 
by an organic solvent; in other oases (e.g. 
caffeine in tea) extractions with boiling wate^ 
may be employed. 

The * total alkaloids ’ of plants obtained by 
the above methods are mixtures for which no 
general method of separation can be given. 
In some cases, caustic soda may bo used to 
separate the phenolic from the non-phenolio 
bases; in others, fractional extraction of the 
ether or chloroform solution of the bases with 
acid brings about a separation; or, again, a 
fractionation may be effected by regenerating 
the bases from acid solution by an alEali in the 
presence of light petroleum or ether, in which 
only a part of the mixture is soluble. After 
suitable preliminary treatment on these lines, 
alkaloids often crystallise as the free base, but 
if not, it is generally possible to crystallise a 
salt with a strong or weak acid. A convenient 
method is to add to the dry ethereal solution of 
the alkaloid, contained in a tall stoppered 
cylinder, sra^ amounts of an ethereal or con- 
centrated alcoholic solution of the acid, until 
no more alkaloidal salt is precipitated, shakiim 
after each addition. If excess of acid is avoided, 
the floooulent precipitate can be readily washed 
by decantation and js then oiystallim from 



140 


ALKALOIDS. 

alcohol, with or without ether. The choice of oiimamylcooaiiie, an oily liquid decomposed by 
the proper acid is sometimes of great importance, heat. Strychnine and brucine ;^ld the corre* 
e,g. for physostigmine the salicylate is the best sponfeg dihydridee, and colcmoine gives the 
salt, and for ergotozine the phosphate. Acid tetrahyoro- dmvatiye. The redaction of these 
oxalates are frequently valuable, whilst auri* alkaloids may also be effected by nascent 
chlorides are usadim for j^lanaceous alkaloids and hydrogen lib^ted from formic acid by the 
piorates for simple bases, but no general role action of finely divided metals of the platinum 
can be given. For further information con- group (HCOO£[»H,+COs). Quinine, morphine, 
^ceming the methods of s^arating and character- oodeme, and other opium alkaloids may be 
'Wng alkaloids, see Alienas Commerci^ Organic convert^ into dihydro- derivatives (Eng. Pat. 
Andysis, vol. vi. 1912, 171-177. and the articles 10204, 1013 ; 14247, 1913 ; D. B. PP. 306939 ; 
in this dictionary on Oinohona, IPEOAOUANHik, 230724 ; 260233 ; U.6. Pat. 989604 ; Eng. Pat. 
and Opium alkaloids. 3948, 1912). 

Physical and chemical characters of the General alkaloidal precipitants. Auric 

alkaloids. Nearly all are solids, and then mostly chloride AuCls combines with alkaloidal hydro- 
orystaUine ; a few (coniine, nicotine) are liquids, chlorides to form well-defined aurichlorides of 
and are volatile With steam. In a ^gh vacuum the composition B,HAuCi 4 , generally sparingly 
oven complex alkaloids may often be sublimed soluble m water, and obtained as' pale-yellow 
or distilled on a small scale, e,g, strychnine, precipitates on mixing the gold and alkaloidal 
Most alkaloids are optically active ; the specific chlorides in aqueous smution. The aurichlorides 
rotation of the free base in a dissociating solvent may be recrystallised from alcohol or water 
may differ considerably from that of the ion of acidulated with hydrochloric acid, and are most 
a salt in the same solvent, and the two may useful for characterising Solanoceous alkaloids, 
oven have opposite signs {e.g. nicotine and its Occasionally gold chloride is reduced to metallic 
salts) (c/. Carr and Reynolds, Chem. Soc. Trans, gold with formation of a red gold sol. The 
1910, 97, 1328). aurichlorides may be analysed by simple ignition, 

The majority of the typical alkaloids are or by combustion, or by decomposition witlf 
insoluble, or very sparingly soluble, in water ; hydrogen sulphide ; in the last case the alkaloid 
their best solvent is alcohol. Usually they are is recovered unchanged by making the filtrate 
also dissolved by chloroform, less generally by from the gold sulphme alkaline and extracting 
other, benzene, or amyl alcohol, sometimes by with chloroform. In a few cases, when alcoholic 
light petroleum. Simple amines, betaines, solutions of gold chloride and of the alkaloid 

E urine derivatives, ana quaternary alkaloids are mixed, stable crystalline salts (auric chloride 
ke columbamine, are often more soluble in compound) of the composition B,AuCla are 
water than in organic solvents. The aqueous obtamed (Uunstan and Ince, Chem. Soc. Trans, 
solutions of the alkaloids are often strongly 1891, 69, 271). For other aurichloride com- 
alkaline to litmus, but a few alkaloids which are pounds of abnormal composition, see Uunstan 
acid amides (colchicine, caffeine, pipeline) are and collaborators (Chem. Soc. Trans. 1893, 63, 
so feebly basic that they may be extracted from 201, 446 ; 1900, 77, 67). 

acid solution by cliloroform, owing to the Platinic chloride in aqueous solution may 

extensive hydrolysis of their salts. In these preemitate platinichlorides of the composition 
cases the salts are mostly not obtainable in a B 2 ,H 3 PtCls, which are generally more soluble 
pure crystalline condition. Alkaloidal salts are than the aurichlorides and are analysed in the 
generally more or less readily soluble in water same way. In both cases the estimation of the 
and in alcohol, but as a rule not in chloroform chlorine may bo useful. 

or ether. Salte of the more complex alkaloids Picric acid precipitates the solutions of most 
may be very little soluble in excess of the acid, alkaloidal salts, ana the resulting picratos may 
if the latter is highly dissociated (mineral acids often be crystallised (from water or alcohol), 
or even oxalic acid). The aJkaloid may be recovered by extracting it 

The vast majority of alkaloids are tertiary from alkaline solution by chloroform, or the 
bases. A few (carpaine, cytisine, ephedrine) picric acid may be removed from acid solution 
are secondary bases ,* the betaines, berberine, oy shaking with ether or benzene. The picric 
columbamine, Ac., are quaternary. Primary acid is conveniently estimated without the loss 
bases are only found among amines derived of the alkaloid, by nitron (Busch, Ber. 1906, 
from the amino- acids of protein and not among 38, 861). 

true alkaloids ; they seem to be formed only by Picrolonic acid (4-nitro-l-p-nitrophenyI-3- 
bacteria and fungi. methyl-6-pyrazolone) in alcoholic solution 

Most of the alkaloidB are monacid bases even behaves similarly (e.g. Warren and Weiss, J. 
when they contain several atoms of nitrogen in Biol. Chem. 1907, 3, 327). The picrolonates are 
the molecule. Thus, pilocarpine with two, less soluble than the picrates, and are of most 
physostigmine with three, and ergotoxine with use when the base and ifs picrate are readily 
five nitrogen atoms are monaoid bases. Quinine soluble in water (histidine, arginine), 
is the best known example of a di-acid alkaloid. The above four precipitants may be used for 
Certainalkaloidsortheir salts can be hydrogen- obtaining crystalline salts for analysis and 
ated in aqueous solution or suspension by means characterisation. Mercuric chloride is occasion- 
of molecular hydrogen in presence of nickel ally used for the same pu^ose, but more 
suboxide, or a colloidal metal of the platinum frequently only for preparative purposes (see 
group, at the normal temperature and pressure quaternary bases, above). The following le- 
or at increased pressures. Thus quinine hydro- agents are more sensitive, but generally give 
chloride yields hydioquinine, morphine yields only amorphous precipitates, unsuitable for 
di^dromorphine, and codeine yields dibydro- analysis. 

codeine, whilst cinnamylcocaine gives hydro- BimM potaaeium iodide (Dragendorffs or 
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Kraut’s reagent) has been used for isolating 
simple water soluble bases, which are leooyeTea 
by grinding up the briok-red preoipitat^with 
freshly prepare lead hydroxide. After nitra- 
tion the If^ traces of lead are removed by 
hydrogen sulphide. Cadmium potassium iodide 
is also employed as a general alkaloidal precipi- 
tant. 

Iodine dissolved in aqueous potassium 
iodide (Wagner’s or Bouchardat’s reagent) is 
one of the most general. In dilute solutions a 
reddish-brown precipitate is formed, which in 
strong solution aggregates at once to a greenish- 
black mass, and consists of periodides of variable 
composition. Many periodides crystallise from 
alcohol, the crystals being green by reflected, 
and red by transmitted nght (c/. herapathite, 
under Quinine). The recovery of the alkaloid 
from a periodide may be effected bv decolourising 
with sodium thi mlphate or sulphur dioxide, 
and shaking om lom alkaline solution, or, if 
this is impossible, grinding uj) the periodide with 
* molecular ’ copper, when only the iodide of 
the base remains in aqueous solution. 

Potassium mercuric iodide (Mayer’s or 
Tanret’s reagent) prepared by adding potassium 
iodide to mercuric chloride until the mercuric 
iodide at first precipitated, is re- dissolved, is the 
best general reagent for detecting alkaloids, 
and may afford an extremely delicate test. 
Some al^loids are most completely precipitated 
in neutral, others in faintly acid, a few in more 
strongly acid solution. In very dilute solution 
only an opalescence is produced, in more con- 
centrated solution a yellowish-white fiocculent 
precipitate occurs, from which the alkaloid may 
be recovered by suspension in water and passing 
hydrogen sulphide. In spite of its variable 
composition, the precipitate may be used to 
some extent for quantitative purposes {see next 
section). 

Tannic acid is merely a colloidal precipitant 
for complex substances, and precipitates alka- 
loids, along with some glucosides, peptones, &o. 

For a full discussion of the above and other 
alkaloidal ^agents, see Allen’s Commercial 
Organic Analysis, 1912, vol. vi. 185-197. 

Quantitative estimation of alkaloids. As a 
rule only the * total alkaloid * can be determined, 
althougn in a few oases of technical im^rtance 
{e.g. cmohona and strychnos alkaloid, q,v,) 
individual alkaloids may be estimated in a 
mixture. The estimation of the total alkaloid 
is based on the same principles as the isolation. 
Keller (Schweiz, Woohensohr. f. Chem. u. Pharm. 
1894, 32, 44) mixed the finely powdered drug 
with magnesium oxide, or moistened it with 
ammonia, and extracted it with ether, or a 
mixture of ether and chloroform. An aliquot 
portion of the extract is shaken with dilute acid, 
the aqueous solutions is rendered alkaline and 
again shaken several times with ether or chloro- 
form. The alkaloid left on evaporation of the 
solvent may be weighed, but in most cases it is 
more satisfactory to titrate it in aqueous or 
dilute alcohoho solution. Of the various 
indicators suggested methyl orange and xnethvl 
red are theoiitioaUy and practiculy the best in 
most oases ; the latter indicator is said to be 

? uite satisfactory for all the official alkaloids, 
h special oases haematoxylin is used, and some- 
times iodeosin (see Allen’s Commercial Organic 


Analysis, vol. vi. 178-183 ; and von Korczynski, 
Die Methoden der exakten quantitativcn 
Bestimmungen der Alkaloide, Berlin, 1913). The 
last-named compilation gives, e.a., all the methods 
of the German Pharmacopoeia ; the U. S. P. 
may also be consulted. A different principle 
is involved in the use of Mayer’s reagent, which, 
as a rule, gives much less accurate results. As 
a titration method this is probably best em- 
ployed in the form given it by Heikel (Chen 
Zeit. 1908, 32, 1149, 1162. 1186, 1212). Potas- 
sium mercuric iodide is chiefly useful for quan- 
tities too small to be titrated with acid, and 
should then be used in a nephelometric compari- 
son with alkaloidal solutions of known streimth 
(c/. Ramsden and Lipkin, Ann. trop. hM. 
Parasitol. 1918, 11, 443, v^o thus estimate 
quinine in blood and urine with considerable 
accuracy ; minute quantities of other alkaloids 
can doubtless bo estimated in the same way). 

Toxicological detection of alkaloids. The 
principles are similar to those involved in 
extracting alkaloids from plants, but owing to 
the minuteness of quantities present and the 
possible presence of putrefactive and other bases, 
great care is required. For details of the methods 
of Rtas-Otto, Dragendorff, &o., sec Wynter 
Blyth, Poisons, their Effects and Detection, 
1009 ; Kippenberger, Zeit. anal. Chem. 1895, 
34, 294 ; Schmidt, Pharmazeutische Chemie, 
ii. 1911, 1550-58. Colour reactions are of little 
use for identifying an unknown alkaloid, 
especially if impure (v. Allen’s Commercial 
Organic Analysis, 1912, vol. vi. 197-201). 
Pharmacological tests are much more useful. 

Bibliography of alkaloids (arranged chrono- 
logically). 

I. Guareschi. Eioluhrung in das Studium 
der Alkaloide, transl. from the Italian by H. 
Kunz-Krause. Berlin, 1896. (Includes many 
bases, natural and synthetic, not generally 
regarded as alkaloids.) 

J. W. Briihl. Roscoo-Schorlemmer’s Lehrbuch 
der Chemie, vol. viii. 1901. (A complete 
account, especially theoretical, with full 
literature references ; unfortunately now some- 
what out of date.) 

A. Pictet. The Vegetable Alkaloids, transl. 
by H. C. Biddle. New York, 1904. (Deab 
with questions of constitution and synthesis.) 

E. Winterstein und G. Trier. Die Alkaloide, 
1910. (Less detailed than the above or following ; 
speculations on the mode of formation of alka- 
loids in plants ; physiological action ; includes 
the simpler amines, betaines, &o.) 

J. Schmidt, in Abderhalden’s Biochemisches 
Handlexicon, vol. v. pp. 1-462. Berlin, 1911. 
(Chiefly for literature references.) 

E. Schmidt, Pharmazeutische Chemie, 1911, 
vol. ii. pp. 1541-1855. (Very complete ; men- 
tions many little-known alkaloids ; unfortu- 
nately no literature references ; deals most fully 
with official alkaloids.) 

Allen’s Cbmmerciai Organic Analysis, 1912, 
vol. vi. pp. 167-726, and 1913, vol. vii. pp. 1-94. 
(Full analytical and technical accounts of the 
better-known alkaloids.) 

T. A. Heniy. The Plant Alkaloids. London, 
1913, pp. vi.-466. (The most complete general 
account in English.) 

For questions of constitution and synthesis, 
the following monographs are useful : — 
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J. Schmidt. Ueber die Erforschung der 
Konstitution und die Versuche *ur Syntheiie 
wichticer Pflanzenalkaloide. Stuttgart, 1900; 
and the triennial supplements, Ihe Alkaloid- 
ohemie in den Jahren, 1900-1904, 1904- 1907, 
1907>1911. G. B. and F. L. P. 

ALKANET. The Arabic name AUhennve, 
modified to alkanna or aUkennut was ori^inaUy 
applied to the lythraccous shrub Lawaonia alba 
•(Lam.}t the root of which was described as Radix 
Alkanna vera, in contradistinction to the root 
of our alkanna, which is Anchu^a tincloria (Lam.), 
and which became known as Radix Alkanna 
spuria tincloria. The latter, or False alkanet, 
is also known as Orcanelte, Fr. ; Orkanet, Ger. ; 
Languedoc bug loss or dyers* bugloss. Radix 
Alkanna spuria.^, A rough plant with downy 
spear-shaped leaves, and clusters of purplish or 
reddish flowers ; belongs to the Roraginacea. 
Found in Asia Minor, Greece, Hungary, &c. 
The roots, which have an astringent taste, occur 
in commerce, varying from the thickness of a 
quill to that of a nogcr. 

Alkanet is one of the more ancient dye- 
stuffs, having been employed by the Romans, 
but, on the other hand, it docs not appear at 
any time to have attained such importance 
as madder, indigo, or even turmeric. The 
colouring matter of alkanet, known as an- 
chuain or alkannin, has been examined by 
several chemists, but it is doubtful whether this 
compound has as yet been obtained in a che- 
mically pure condition. Its composition is 
variously given as C17H10O4 (Pelletier, Annalen, 
6, 27), (Bolley and Wydlers, Annalen, 

62, 41), OisIiuO^ (Camclutti and Nasini, Her. 
13, 1514), and or (I^bor- 

mann and Ronier, Ber. 20, 2428). 

Alkannin forms a dark-red amorphous powder 
possessing. a boetlo-grccn iridescence, is readily 
soluble in most of the usual solvents, and its 
alkaline solution is deop-blue coloured. On dis- 
tillation with zinc-dust it gives, according to 
Liebermann and Riimer, botii inothylonthracene 
and anthracene. 

DIaoetylalkannin (\6H|,04(CaI^s^)a forms a 
dull yellow micro-crystalline powder (G. and N.), 

According to Eriksson (Ber. Deut. pharm. 
6es. 1910, 20, 202), alkannin consists of two red 
pigments, the one being coloured green and the 
other blue bv the action of alkalis. Red crystals 
have been observed by Tschirch in spaces m the 
oortex of old specimens of alkanet root. As 
alkannin is insoluble in water, in dyeing with 
alkanet an alcoholic extract is usually employed ; 
and with aluminium and iron mordanted fabrics, 
violet and grey shades are respectively produced. 
These eolours, however, are not fast to light, 
and are somewhat readily affected by weak 
alkalis or acids. 

Haussmann of Mulhouse introduced alkanet 
into calico-printing, and for a short time it 
appears to have played a quite important part, 
but it is now little if at all employed in Europe 
for ordinary dyeing pu^oses. It is still used 
for colouring artifioiar wines, pomades, hair-oils, 
sweets, Ac., and for these purposes it is well 
adapted on account of its r^y solubility and 
harmless nature. 

Bottger (J. pr. Ghem. 107, 146) and Eng 
(Jahres. 70, 935) recommend the use of papers 
stained by alkanet as indicators in alkalimetry. 


According to'Jolin (Chem. Schriften fiber 
Alkanna, iv. 84), Thomson (Pharm. J. [3] 16, 
860)i^juid Eriksson (f.c.), all^et root contains 
fron^ to 0 p.o. of anchusin. A. Q. P. 

ALKANNA or AL-KENNA. The powdered 
root and leaves of the Lawaonia alba (Lam.), 
used in the East for dyeing the nails, teeth, 
hair, and garments. Usm in Persia mixed with 
lime for dyeing the tails of horses. 

ALKANNIN (ANCHUSIN) v. Alkanet. 

ALKASAL V . Synthetic drugs. 

ALLANITE {v. Obthitl). This is variously 
regarded as a synonym or as a variety of 
orthite. The original allanite was discovered 
at Kakarsuatsiak in east Greenland by C. L. 
Giesocke in 1806, described by T. Allen in 
1808, and named by T. Thomson in 1810. 
Similar material has been found at numerous 
other localities in Greenland (0. B. Bdggild, 
Mineralogia Groenlandica, Kjdbenhavn, 1906). 


ALLANTOIN. Olyoxyldiureide C^HeO.N* 
.NirCHNHcb-NHg 

,NH C : N CO NHa 


CO< 


or CO<( 

\NHCHOH 
^.^NH^CO NH ^ ^NH C(OH) NH 
or CO I >CO^CO >CO 

\NH CH NH ^ NH 


(Titherley, Chem. Soc. Trans. 1913, 103, 1336 ; 
Blitz, Ber. 1913, 46, 3410 ; Mendel and Dakin. 
Chem. Soc. Trans. 1915, 107, 4341 was found 
originally in the allantoic liquid of cows (Vau- 
quelin and Buniva, Ann. Chim. 23, 269 ; 
Lassaigne, Ann. Chim. Phys. [2] 17, 301) 
and in the urine of newly-born calves (Wohler, 
Annalen, 70, 229) ; it occurs in the blood of 
the pig and ox (Hunter, J. Biol. Chem. 1917, 
28, 369-374) ; in beetroot (Smokenski, Zeitsch. 
Ver Dtsch. Zuckeriiid, 1910, 1261) ; in root of 
pkaacolas multi florua (Power and Sal way, Pharm. 
J. 1913, [4] 36, 562) ; in Anabaaia arelioidea and 
other plants (Stieger, Zeitsch. physiol. C!heni. 

1913, 86, 269 ; Jemnson, J. Amcr. Chem. Soc. 

1914, 36, 1, 339) ; also in the young leaves, buds, 
and stem of the plane tree {Platanua orientalta) ; 
sycamore (Acer paeudajdatanua) ; in the bark 
of the horse-chestnut {JRaculua hippocaatanum) ; 
in comfrey root (Titherley and Coppin, Pharm. 
J. 1912, 34, 92) ; and in rice polishings (Funk, 
J. of Physiol. 45, 75). Under normal conditions 
of growth 0*25 gram allantom may be isolated 
from 440 grams of fresh young f^ves of the 
plane, but when the branches are cut in bud 
and the buds allowed to open in water, the 
amount of allantoln increases to 0*6 or 1 p.c. of 
the dried leaves (Schulze and Barbieri, Ber. 1881, 
14, 1602 ; J. pr. Chem. [2] 25, 145 ; Schulze 
and Bosshead, Zeitsch. physiol. Chem. 1884, 
9, 420). It has been found in the nitrogenous 
constituents of wheat-germs (Richardson and 
Crampton, Ber. 1886, 19, 1180); in tobacco 
seeds (Sourti and Peroiabosco, Gazz. chim. itaL 
1906, 36, ii. 626) ; and in crude beet juice (v. 
Lippman, Ber. 1896, 29, 2652). AUantoTn is a 
normal constituent of tiie urine of mammals; 
the amount varies in different species, being 
greatest in the dog and least in man (Frericho, 
St&deler, J. 1854, 7, 714 ; Wieohowaki, Biochem. 



Zeitfloh, 1909, 19, 368 ; Sohittenhelm, Zeitsoh. 
physiol. Chem. 1909. 63. 248. 209. 283. 289). 
be whole quantity of allantoln exoreted man 
on a milk and v^etable diet may be derived 
directly from the food (Aokroyd. Bio-Ghem. J. 
1911. 5. 400). In the case of the dog the 
amount of allantoln in the urine is increased 
after a diet of animal food (Salkowski, Ber. 
1878. 11. 600). of calf’s thymus (Cohn. Zeitsch. 
physiol. Chem. 1898, 26. 507 ; Mendel. Amer. J. 
Bhysiol. 6, xiv.-xv. ; M‘Lachlan. Proo. Roy. 
Soo. Bdin. 1906. 26. 95 ; and on mcreasing the 
ingestion of water per day from 900 to 3450 o.o. 
there is an increase of 20 p.c. in output (Fairhall 
and Hawk. J. Amer. Chem. Soc. 1912, 34, 546). 
There is about 30 p.c. increase in elimination of 
allantoln if adrenaline is introduced (Falta. 
Zeitsch. exp. Path. Ther. 15. 356). It is also 
increased after the administration of uric acid 
(Salkowski. Ber. 1870. 9. 719 ; Swain, Ainer. J. 
Physiol. 1910, 6, 38 ; Wieohowaki, Bcitr. (3iem. 
Physiol. Path. 1908. 1 1. 109 ; Biochem. Zcitsoh. 
1910. 25, 431). or of nucleic acid (Meiidol, Le. ; 
SchittenhMm. Zeitsch. physiol. Chem. 1910. 
66. 53 ; Wiechowski. l.c.). Allantoln is there- 
fore to be regarded as an end-product of uric 
^cld metabolism in the case of such animals as 
dogs and rabbits (Wiechowski. l.c. ; Schitten- 
heun. l.e.). For the importance of ^lantoin as 
end-product in purine metabolism in monkeys. 
see Hunter and Giveus. Pro. Amer. Physiol. Soc. 

1910. xv.-xvi. ; Amer. J. Physiol. 27. 1910- 

1911. XV. Allantoln is of therapeutic value 
(Funk. J. of Physiol. 45, 489-492), and is used 
to induce cell proliferation in cases of burns. &o. 
(Titherley and Cop{)in. Pharm. J. 1012 [iv.J 34, 
92-94). Allantoln injected increases the blood 
pressure (Backmann, Zentral. blatt f. Physiol. 
26. 166). 

The method of preparation of allantoln by 
oxidising uric acid with lead peroxide in presence 
of water is due to Liebig and Wohler (Annalen, 
1838, 26. 245) ; it has been modihed by Mulder 
(Annalen. 1871. 159. 349), who effects the 
oxidation in dilute acetic acid solution and in 
bright daylight ; by this method 100 grams 
of uric acid yield 30-32 grams of allantoln. 
A quantitative yield of allantoln is obtained 
when uric acid is oxidised by an alkaline solu- 
tion of potassium permanganate, and the 
intermediate compound 

/NHCOC(OH)NHv 
CO/ I >CO 

\nH C(OH)NH/ 

deoompos(d by acetic acid (Sundvik, Zeitsch. 
physiol. Chem. 1904, 41, 343 ; Behrend, 
Annalen. 1904, 333, 141 ; and 1915. 410. 340- 
341). AHantoin is also obtained by the action 
of nitrous acid on dialuric acid (Gibbs, Annalen 
Suppl. 1870. 7. 337). The synthesis of allantoln 
has oeen effected (1) by Grimaux (Compt. rend. 
1876. 83. 62) by heating a mixture of glyoxylic 
acid (1 part) and carbamide (2 parts) at 100° 
for 8-10 hours ; (2) by Michael (Amer. Chem. 
J. 1883. 5. 198) by heat^ a mixture of mesoxalio 
acid and carbamide in equal proportions at 
110° ; (3) by Simon and Chavanne (Compt. 
rend. 1^. 143, 51) by the action of ammonia 
or alkali hydroxides on ethyl allantoate CH(NH* 
CO‘NH.)|COtEt. obtained by the condensation 
of ethyl glyoxylate with carbamide; (4) by 
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Behrend and Zi^r (Annalen, 1915, 410, 337- 
373) by condensing uric acid and alloxanio acid 
in boiling acetic anhydride ; (5) by Bilti and 
Giesler (Ber. 1913, 46. 3424) by the action of 
potassium cyanate on 5-amino hydantoln 
nydrochloride ; and (6) by Biltx and Heyn 
(Annalen, 1916, 413, 39) by the action of barium 
hydroxide solution on 8piro-5.5.-dihydantoin. 

Allantoln is readily soluble in boili^ water 
sparingly so in cold (1 : 13r5 at 21 *8°) (Glrimaux 
Ann. Chim. Phys. 1877, [v.] 11. 389); it L 
optically inactive (Mendel and Dakin, J. Biol. 
Cncm. 1910, 7, 153) ; crystallises in glassy 
moHoclinic prisms (Dauber, Annalen, 1849, 71. 
511 ; Hunter. Biochem. J. 28. 369) ; its beat 
of combustion at constant pressure is -f413‘8 
Cal. (cf. Emery. Benedict, Amer. J. Physiol. 
28. 1911, 303), and heat of formation +170 4 
Cal. (Matignon, Ann. Chim. Phys. 1893. 
[vi.l 28, 10I>). It melts at 227° (Titherley 
and Coppin), 236° with decomposition (Watt. 
Pharm. J. 1917, 45, 283), 235° -236° (docomp.) 
(Biltz and Heyn, ibid. 40) ; 232° (Hunter, l.c.). 

Allantoln forms a silver salt C4H508N4Ag 
(Liebig and Wohler, l.c.) and a potassium 
salt C 4 H 50 gN 4 K (Mulder, l.c.) ; it also com- 
bines with certain metallic oxides to form spar- 
ingly soluble compounds ; the mercury, copper, 
zinc, load, and cadmium derivatives are de- 
scribed by Limpiicht (Annalen, 1853, 88. 94). 
(For the method of estimating allantoln based on 
the sparing solubility of the silver and mercury 
derivatives, see Loewi, Zeitsch. anal. Chem. IIMX). 
39. 266 ; Poduschka, ibid, 267). Allantoln from 
even 0*1 p.c., solution can bo nearly quantita- 
tively precipilated with mercuric c)iloride and 
sodium hydroxide or carbonate (Hunter. J. Biol. 
Chem. 1916. 28. 270). For titrimetric estimation 
in urine, see Handovsky (Zeitsch. physiol. Chem. 
90. 211-220); for estimation in urine and in 

S rcscnco of sugar. Plimmer and Skolten( Biochem. 
. 1914, 8, 70-73, and 641-648); Giveus (J. 
Biol. Chem. 1914, 18, 417-424). 

Allantoln is oxidised by potassium ferricya- 
nide in the presence of potassium hydroxide to 
potassium allantoxanate 
vNHCO 

'NH C : N C0.K 

(van Embden, Annalen. 1873, 167, 39) ; the free 
acid does not exist, but breaks down, when 
liberated from its salts, into carbon dioxide and 
allantoxaldin 

.NHCO 

co<; I 

^NH C : NH 

(Ponomareff, Ber. 1878. 11. 2156). For oxida- 
tion of with bromine liquors (see Cordier, 
Monatsh. 33. 759-796). Methylallantoln and 
isomerides (Fischer and Ach, Ber. 1899. 32, 
2745 ; Bilts and Heyn. Annalen. 1916. 413, 
83-85, and 97) ; l-methylaUarUotn (a-methyl- 
allantoln) obtained from 9-methyl urio aoid, 
has m.p. 250°-252° (decomp. ). Fischer and 
Ach. m.p. 255°-259° (oorr.) decomp. ; 3-meth^'l 
allantoln 1/9 - melhylaUarUdin) crystalUses m 
prisms with one molecule of water. m.p. 
226°-227°, decomp.. Fischer and Ach. m.p. 
226°-227° (oorr.) decomp. ; 3,S-dimeihylallantotn 
is obtained from 3. 7-dimethylspiro-dihvdantobi. 
m.p. 222% turns yellow (deoomp.) ; 1, 6- 
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dimdhylaUaiiUoint obtoined from 1, O dime- 
thykpirodihydantoln, m.p. 226*’-227° (K. Th.) 
(daoom^. M. A. W. 

ALLBmONITE. A native alloy of arsenic 
and antimony, SbAs.), found at Allemont in the 
Dauphind, Prsibram in Bohemia ; and Andreas- 
berg in the Hartz. 

ALLMATEIN. Trade name for a condensa- 
tion product of ha^matoxylin and formaldehyde. 

ALI^AN. Trade name for santalyl allo- 
lianate. 

ALLOXAN. Mesoxalylearbamlde 

C0^jJg.QQ^C(0H)2,3Hj|0 

found by Liebig (Annalcn, 121, 81) and by 
Lang (Zeitsoh. anal. Ghem. 6, 294) in certain 
pathological excretions, is one of the oxidation 
products of uric acid, and was first prepared by 
Brugnatelli (Ann. Ohim. Phys. 1817, 8, 201 ; 
from Giurnale di Fisica, decade seconde i. 117), 
under the name of erylhric acid, by oxidising 
uric acid by means of nitric acid, chlorine or 
iodine. Liebig and Wohler (Annalen, 1838, 20, 
206), who systematically studied the oxidation 
of uric acid, save to this product the name of 
alloxan, regarding it as bearing the same relation 
to aUantoin and oxalic acid that oxaluric acid 
does to oxalic acid and urea. According to 
Liebig and Wohler (l.c.) and to Gregory (Mem. 
(>hom. Soc. 1848, iii. 44), alloxan can do obtained 
most readily and with a yield of 90 p.c. by 
careful oxidation of uric acid by means of nitric 
acid, 8p.gr. 1*412. 

According to Schliepcr (Annalen, 1845, 55, 
201), the oxidation of uric acid to alloxan is 
more conveniently effected with hydrochloric 
acid and potassium chlorate ; 4 parts of uric acid 
are mixed with 8 parts of hydrochloric acid, 
and 1 part of finely powdered potassium chlorate 
added in successive small quantities, avoiding 
the liberation of chlorine j after two or three 
hours the dissolved alloxan is reduced by means 
of sulphuretted hydrogen to the sparingly 
soluble alloxantin. This is separated from Die 
sulphur by crvstallisation from hot water, and 
oxidised to alloxan by the action of diluted 
nitric acid. Biltz (Annalen, 1916, 413, 00) 
prepares alloxan from uric acid in one operation 
by oxidation with chlorine. 

Alloxan c^stcdlises from worm saturated 
aq^ueous solution in large triclinio prisms con- 
taining 4H|0 ; on exposure to the air or on 
heating at 100° it loses SH^O, and the dried 
compound has the composition expressed by 
the formula 

CO jj .^Q ^ C( 0 H ) 2 

(Lang, Grailioh, J. 1858, 308 ; Hartley, Chem. 
Soc. Trans. 1905, 87, 1802) ; it is also obtained 
in oblique rhombic prisms, belonging to the 
monoclinio system on evaporating an aqueous 
solution at 65°-70°. The remaining molecule of 
water is lost at 160°. By heating under reduced 
pressure it is possible to dehydrate alloxan and 
its mono- ana dimethyl derivaties, all of which 
sublime unchanged in vacuum. 

AUoxan anhydride O4H2O4NO1, yellow rhom- 
bic crystals, has m.p. 256° (decomp.). 

They are deposited from alcohols containing 
a little hydroemorio acid in the form of alco- 
holates ; these when heated eliminate the > 


molecule of alcohol and leave a residue with 
the melting-point of the anhydride (Biltz, Her, 
1912. 45, 3059-3675). 

Alloxan anhydride O4H2O4N2, yellow rhom- 
bic cj^stals, has m.p. 256° (decomp.). 

When ciystals of alloxan are xept for some 
years in closed vessels they sometimeB undei|(0 
spontaneous decomposition, forming alloxantin, 
parabanio acid, ana carbon dioxide. According 
to Gregory (Annalen, 1853, 87, 126), this is due 
to the presence of traces of nitric acid contained 
in the water of crystallisation. Similar pheno- 
mena were observed by Baumert (Fogg. Ann. 
1860, 110, 93), by Heintz (Fogg. Ann. 1860, 111, 
436), and by Otto (Annalen Suppl. 1865, 4, 256). 
Ceases of spontaneous explosive decomposi- 
tion of alloxan are recorded by Wheeler and by 
Bogert (J. Amer. Chem. Soc. 1910, 32, 809); 
the products of decomposition being carbon 
dioxide, carbamide, oxalic acid, and alloxantin 
(Gortner, J. Amer. Chem. Soc. 1911, 33, 85). 

The molecular heat of combustion of ailoxan 
is 276*5 Cal. (Matignon, Ann. Chem. Fhys. 1893, 
[vi.! 28, 300) ; the dissociation constant is 
2*32x10-' (Wood, Chem. Soc. Trans. 1906, 89, 
1836). The dissociation constant K (in diazo- 
acetio ester solution) =0*03542, Ch = 0*000920, 
and the sp. conductivity at 25° (not deducting 
that of water, 1*1 x 10-*= 1*27 X 10-* ((Mcagin, 
Atti R. Accad. dei Lincei, [5] 25, i. 643-648). 
In common with the other simple ureides, alloxan 
shows no absorption bands in its spectrum 
(Hartley, Chem. 800. Trans. 1905, 87, 1815). 

Alloxan is rea^y soluble in alcohol or water ; 
the solution is acid to litmus, stains the skin 
purple, and imparts to it a curious and un- 
pleasant odour. In its physiological action 
alloxan affects the central nervous system, pro- 
ducing first stimulation, then paralysis. When 
taken internally it is excreted in the urine as 
alloxantin and parabanio acid (Lusini, Chem. 
Zentr. 1895, ii. 311, 727, 838; Koehne, Chem. 
Zentr. 1894, ii. 296). 

AUoxan is readily oxidised by warm dilute 
nitric acid, forming carbon dioxide and para- 
hanic acid {oxalyUa^amide) [q.v.) ; is reduced by 
sulphuretted hydrogen, stannous chloride, zinc, 
and hydrochloric amd, or by boiling with excess 
of sulphurous acid to aUoacarUin (q.v .) ; and is 
readily hydrolysed by alkali cturbonates or by the 
hydroxides or chlorides of the alkaline earths, 
forming the corresponding salt of aUoxanic acid. 
The barium and calcium salts are insoluble. 


/NHCOv 

CO /CO+H,0* 
\NH*C(X 


^CO*NH*CO*NH, 

\COOH 


If, however, excess of alkali is employed or the 
solutions ore heated, the hydrolysis is carried 
to completion with the formation of mesoxalic 
acid and carbamide (Schlieper, Annalen, 1845, 
55, 263 ; 56, 1 ; BUtz, Annalen, 1916, 413, 
70). Alloxan gives a deep-blue colour with 
ferrous salts, but no precipitate is formed unless 
an alkaU is present. According to Agrestini 
(BoU. Chim. Farm. 1002, 41, 5-7 ; Chem. 
^ntr. 1902, i. 631), the formation of blue colour 
is dependent on the presence of a trace of 
ammonia or caustic alkali, and the same dera- 
blue colour is also given by pure ferric saHs 
under oonditfons. For similarity in the 

behaviour of triketohydrindene hydrate and 
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alloxan* aee Bohemaiiii (Ohem, Boo. Trana. 
1911. 90. 793); Traabo (Ber. 1911, 44. 8145); 
Retingor (J. Amor. Ohem. Soo. 1917. 39, 1059). 
Alloxan gives the mniexide reaction,^ and 
Angrastini {l.e.) finds that the ammonia in 
the reaction can be replaced by certain acid 
amides, amino acids, or substituted amines; 
Rosenheim’s alloxan test for choline ( J. Physiol. 
1905. 33. 220), namely, the formation of a 
deep red-violet colour when a drop of a 1 p.o. 
solution of choline hydrochloride is evaporated 
on the water-bath with a few drops of a 
saturated solution of alloxan, is probably a 
reaction of the same order. 

Other tests for idloxan are (1) the formation 
of a deep violet-blue colour when a solution of 
alloxan is boiled for a few minutes with a drop 
of pyrrole. The colour changes to rod on cooling, 
becoming green and then intensely blue on the 
addition of alkali. (2) The blue-green solution 
obtained on mixing concentrated sulphuric acid 
solutions of alloxan (or alloxantin) and pyro- 
catechol, the colour changes to an intense 
green on dilution (Agrestini, l.c.). Hartley 
(Chem. Soc. Trans. 1906, S7, 1816) finds that 
hydrated alloxan, when powdered along with 
pure calcite, acquires a yellowish -pink tinge. 
After half an hour the colour is decided and it 
is permanent ; on adding water a red solution 
is obtained. When alloxan, dried at 100°, is 
similarly treated, there is no colour developed 
until water has been added. Alloxanic acid 
gives no such colour reaction. Alloxan yields 
alcoholate.s, phenolates. and sulphites (Riltz. 
Ber. 1912, 46, 3667-3670), also a conmound with 
hydrogen peroxide (C4H,04N|)ioTIa(5j (Stolzen- 
beig. Ber. 1916, 49, 1646). 

For other derivatives of alloxan, see Behrcnd 
and Zieger (Annalen, 1916, 410, 337-373). 

Potassium aUoxan C4H8O5N2K, pale red 
needles, decomposes about 236°. 

Carbamide aUoxanate C4H405N2,C0(NH,)2. 
crystallises in four-sided prisms, decomposes 
165°-166°. 

Urea and alloxan also form a compound 
C4H80eN4, decomposes 117° or 133°-134°. is 
probably a salt-like compound. It gives uric 
acid and glycol when heated ; boded with acetic 
anhydride it yields an anhvdride ('5H«06N4. 
microscopic needles, m.p. 185°- 186°. 

Methyl aUoxanaie CsH^OgN^, prisms, decom- 
poses 176°-176°. 

The following homologues of alloxan have 
been described : — MethylaUoxan 

®o<nh!.'co>co 


1894. 87, 8083), loses 1H,0 when dried over 
snlphiirio aoid, decomposes at 100°; the an- 
hyarous compound is a palo yellow powder 
soluble in alcohol and has m.p. 252°-255° 
(decomp.) (Bilts. Ber. 1912, 45, 3659). Diethyl- 
alloxan CgHio04N2. prepared by oxidising 1 : 3- 
diethylbarbiturio acid with nitric acid, contain- 
ing a little nitrous acid iSombritzki. Ber. 1897, 
30, 1820). MethylethylaUoxan, from ethyltheo- 
bromine by oxidation (Pommerehne, Apoth. > 
Zeit. 1897, 12, 5). Some derivatives of 1:8- 
diphenylalloxan have been described by Whiteley 
(Clhcm. Soc. Trans. 1907. 91, 1344). 

inasmuch as the alloxan molecule contains 
the mesoxalyl radical 

it forms a wide series of condensation products 
through the medium of the : (.’(OHlj or;CO group 
yielding derivatives of the typo 

R^OH) ^OorR:C<^;NH^CO 




respectively. These compounds will bo described 
under the following eight headings. 

1. Condensation of Alloxan with Bisulphites. 

— Alloxan forms condensation products of the 
type C4H2N404,NaHS03,UIf20 with alkali 
bisulphites (Limpricht and Wuth, Annalen. 1858, 
108, 41), and with the sulphites of certain organic 
bases (Pellizzari, Annalen, 1888. 248, 146). 
AUoxan ethylamine sulphite C.H,N*SOj^H|‘ 
04H4N404,H40 ; AUoxan aniline smphitefjfi-f Si* 
S04H*,C4H2N2^4*^^^^*^aO ; Alloxan methylanilino 
s«lp;itteC,H2N S02H2,C4HaN20.-2H40 ; AUoxan 
dimethylanilinesulphiteGfil^^^^i•80JtlJ^,CAB.^l^fi^p 
4H2O, are described and the crystaUograpbio 
constants are given. The benzidine compound 
contains IH^O ; toluidintf aminobenzoic acid, and 
aspartic acid yield similar compounds. Alloxan 
pyridine sulphite is triclinic, and anhydrous 
crystalline derivatives are afforded by qutnoAne, 
picoline, mwphine, and cinchonine ; the strychnine 
compound has IH.O, and the brucine compound 
liHaO. ^ 

2. Condensation of Alloxan with Hydroxyl- 
amlne. — Alloxan condenses with hydroxylamine 
hydrochloride (Ccrosolo, Ber. 1883, 10. 1133) to 
form the oxime, vtoluric acid 

CO<NhS>C:NOH 

(g.v.). 

3. Condensation of Alloxan with Hydraxhies. 
— Hydrazones of alloxan and its homologues can 
be prepared by the condensation of (a) the 
alloxan with the hydrazine 


prepared from methyl uric acid (Hill, Ber. 1876 
1092) ; from ^-urio acid (Fischer, Ber. 1899, < 

32. 2731) ; from theobromine (Maly. Andreasch, , 
iMonatsh. 1882, 3, 108 ; Fischer and Clemm, Ber. j + HaN-NHPh 

1807, 30, 3090). It crystallises from water in I 

brilliant colourless prisms, becomes anhydrous 
at 60° in a vacuum, and decomposes at 166°. 

DimethylaUoxan 

prepared by oxidising caffeine (Fischer. Annalen, 

1882, 215. 267 ; Maly. Andreasch. Monatsh. 1882 
3. 96), by boiling dichlorodimethylbarbituric 
acid with water or silver oxide (Tcchow, Bet. 

VoL. 1. — tP. 


-CO<jjh:cO>0 = N-NHHi, 
(5) the dibromo- derivative of the corresponding 
barbituric acid with the hydrazine 

+ H,N-NHPh 

= CO<NH<; 0 >C-- NNHPh + 2HBr, 
(c) the corresponding barbituric acid with the 
diazoniuin chloride 
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00<J|:^>CH,+CaN,Ph 

= CO<OT«0>C-NNHPh. 

And tbe following hydrazones have been prc< 
pared by one or more of those methods : — Alloxan- 
phenylhydrcaone 



palc-ycllow crystals, melts and decomposes at 
208^-300* ; 1 : 3- Dimeihylalloxanphenylhydrazone 

CO<^5Jc^O>C*NNHPh 

slender yellow crystals, m.p. 261® the o- and p- 
nitro derivatives are yellow crystalline substances 
and decompose at 310® and 300® respectively 
(KOhling, Ber. 1891, 24. 4140 ; 1898, 31, 1972) ; 
aUoxan^enylmethylhydrazone 



brick-red hexagonal plates, decomposes at 1 89®- j 
191®(Whiteloy,Chem. Soc. Proo. 1906, 22, 201) ; | 
alloxandipJienytfiydrazone 

C0<NHTO>C'NNP1„. 
bright-yellow powder, melts above 270® (Arm- 
strong and Robertson, Ohom. Soc. Trans. 1905, 
87, 1291); 1 1 3-diphenylalloranphenylhydrazont 

«><3Ph€0>C = NNHPh 
bright-yellow needles that decompose at 266®, the 
p-nitro derivative forms yellow prisms with a 
purple reflex and melt and decompose at 274® ; 

1 : d-diphenylalloxanphenylmethylhydrazone 

«><^Ph'cO>0 = NNMePh 
decomposes at 176® and crystallises in orange 
red prisms or bright-yellow needles ; 1:3- 

diphenylalhxandiphenylhydrazone 

CO<^ptOT5«=NNPh. 
molts and decomposes at 264®-256®, and forma 
yellow crystals yielding an orange-red powder on 
trituration ; 1 : 3-diphenylalloxanphenyl/fenzylAy- 
drazone 

CO<lJPh-CO>C = NNPhCHjPh 
melts and docom poses at 130®, crystallises from 
benzene in bright-yellow needles, and from 
methyl alcohol in bright-red prisms ; from 
toluene a mixture of the rod prisms and yellow 
needles is obtained (Whiteley, Ohoin. Soo. 
Trans. 1907, 91, 1344) ; alloxancyanopAenyl- 
hydrazone i 


from alloxan and aminopheiwlcyanamide, straw- 
yellow compound, m.p. 286® (Rolia, Gazz. ohim. 
ital. 1907, 37, i. 623). 


4. Condensation of Alloxan with Semicarba- 


aide. — This reaction has been studied by Brom- ! 
berg (Bcr. 1897, 30, 131). He describes the 
compounds aUoxansemicarbazfde C.H.OfN^ and : 
dmelhylalhxansemicarbazide C-HpOglNj, but was 
not successful in determining tboir constitution. 

6. Condensation of Alloxan with Diamines.— 
In the condensation of alloxan nitii o-diamines 
the ketonio carbonyl and one of the adjacent 


carbimldo- groape take part, and the prodact 
is an aztne ; alkoiaztne 

^N:CNH<X) 

C.H/ I I 
\N:C*CONH 

obtained from o-phonylenediamine, forms yellow 
microscopic crystals that decompose above 300® ; 
similar derivatives were obtained from 3 : 4- 
diaminotolueno and a-iS-diaminonaphthalene 
(Kilhling, Ber. 1891, 24, 2363) ; for the effect of 
oxidising and reducing agents on these com- 
pounds, compare KUhling, Ber. 1896, 28, 1908 ; 
1899, 32, 1650). 

The condensation of alloxan with mono- 
substitiitod o-diamines results in the formation 
of two compounds according as o^e or more 
alloxan molecules take part in the reaction. 
Ql'hus alloxan condenses with orthaminoditolyl’ 
amine at the ordinary temperature to form 
alloxanylorihaminodtiolylamtne 

: C<[5o:nH>CO 


glittering yellow prisms, that melt and decompose 
at 252®, and dissolve in concentrated sulphuric 
acid with a deep rod colour ; if, however, the 
condensation is effected in the presence of fuming 
hydrochloric acid and Iho mixture is boiled, 
dialloxanylortJiaminoditolylamine 

C(OH)*N(C,H,)C,H«-N:C 

0(/(;0 0 (f ^0 

HN NH UN NH 


is formed. It is crystalline, and blackens at 
300®, dissolves readily in alkali carbonates, and 
gives a deep-blue solution in concentrated 
sulphuric acid. Himethylalloxan gives similar 
derivatives (KfihJing, Ber. 1893, 26, 640), and 
similar condensation products are obtained 
from alloxan and phenyl-o-phenylenediamine, 
o-aminodi-p-tolylammo, and N- methyl- o-pheny- 
lenediamino (Ktihling and Kaaolitz, Ber. 1906; 
39, 1314) ; and from totramothyl-w-phenylone- 
dtamino (Sachs and Appenzcller, Ber. 1908, 41, 
91). 

6. Condensation of Alloxan with Aromatic 
amines.— Alloxan condenses readily with pri- 
mary aromatic amines (Pellizzari, Gazz. chim. 
ital. 1896, 17, 419) to form aminoaryl sub- 
stituted dialiiric acids, yielding on hydrolysis 
with alkali, the corresponding tartronio acid 
{q.v.). Thus aniline and alloxan give p-amino- 
phonyldialurio acid, and this on hydrolysis 
yields p-aminophenyltartronic acid 

CO<NhS>C(OH). + C.H,NH, 

+ 4KOH 

= Nir,C,U,C(OH)(CO,K),+2NH,+K.CO,. 

In view of the importance of these compounds 
as sources of tartronio acids, their preparation 
forms the subject of a patent, D. R. P. 112174 
(fVdl. 1900-1902, 168-169), in which the amino- 
aiyl- dialurio and tartronio acids obtained from 
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the foDowfng bMM an deneribed : ethylaailine, 
diethylaniline, beu^laniline, methjrlbeii^laiii- 
line^ ethylbenzylaniune, diphanylamine, 4>tolii* 
idine, o-ethyltoluidine, o-aniai^e, methyl-o- 
anisidine, o-phenetidine, m-chloraniline, m-ohlor< 
dimethylaniline, and m-chlordiethylaniline. 

By careful oxidation with TOtassium perman- 
ganate of the alkali salte of the tartronio acids, 
or by oxidising the corresponding dialurio acid 
with mercuric oxide in presence of potassium 
hydroxide, the corresponding glyoxylio acid {q.v.) 
can be obtained 
NH,-C,H4-C(OH)(CO^),.f O 

= NH4-C.H4<30C04H + CO* +. H*0 
and the preparation by these methods of an 
important series of glyoxylic acids forms the 
subject of patents D. R. P. 117021, 26/11, 
1900 ; and 117168, 3/12, 1900. 

Alloxan condenses also with pyrazolone bases 
to form derivatives of dialurio acid (tartronyl- 
carbamide), and these on hydrolysis with cold 
caustic alkali yield the corresponding substituteil 
tartronimides (Pellizzari, Gazz. ohim. ital. 1888. 
18, 340). Thus phenylmeihylpyrazolonetarironyl 
carbamide 

forms long yellow needles that decompose at 
170*-178*, and yield phenylmethylpyrazolonetar 
tronimide 

on hydrolysis ; phenyldimethylpyrazolonetar' 
tronylcarbamide 
NPh • CO 


and decomposes at 261^, and yie 
dimethylpyrazolonetartronimide 


decomposing at 246®-260®. 

7. Condensation of Alloxan with Phenols. — 
Alloxan condenses in the presence of hydrogen 
chloride, sulphuric acid, or zinc chloride with 
mono- or polyhydroxy- phenols to form 
derivatives of dialurio acid (tartronylcarbamide), 
that promise to be of value for pharmaceutical 
purposes, and are readily converted by hydrolysis 
into the corresponding tartronio acid : 

OH-C.H, + (0H).C<^'3:^^>C0 

OH*C*H4.d(OH) ^CO 
\CONH^ 

0H-C.H4C(0HXC0,H),. 

A description of the compounds obtained 
from alloxan and the phenolic compounds, phenol, 
m-cresol, p-cresol, guaiacol, p}rrocateohol, resor 
ciAol, hydroquinone, pyrog^ol, a-naphthol, is 
given in D. R. P. 107720, 26/8, 1898; 113722, 
9/7, 1900 ; 114904, 17/9, 1900; and the tartronio 
acids derived from them are described in D. R. P. 
115817, 8/10, 1900. 

8. Condensation of Alloxan with Ketones.-- 

Alloxan condenses with acetophenone and certain 
of its homologues to form p^naoyldialurio acid 
or its derivatives of which the following are 


described by Kiihliiu (Ber. 1905 , 38 , 3003 ). 
Kflhltng and Schneider (Ber. 1909 , 42, 1285 ) : 
phenacyldialuric acid 

XJONil 

OOPh-CH.-c1(OH) NcO.H.O 

Nconh^ 

m.p. 212®, with decomposition; the bromo- 
derivative decomposes at 217® ; p-ethoxyphen^ 
acyldialurte acid m.p. 214®; the 

bromo- derivative, aocompuses at 201® ; ay-di- 
phenylacetonyldialuric acid 

yCO'NH 

CH*PhCOCHPh-d(OH) 

\C0N11 

m.p. 233® with decomposition ; p-meihylphen- 
acyldialuric acid 

yCONH 

C*H4McCOCH*d(OH) ^CO 
\CONH 

I m.p. 241*-242®, with decomposition ; the acetyl 
; derivative decomposes at 220®, the benzoyl at 
. 216*^ ; p-mcthoxyphenacyldialimc i*c»JC,s,H|^iO*Na 
decomposes at 227®, and yields an acetyl doriva- 
! tive, m.p. 207®. 

For condensation products of alloxan and sub- 
' stituted rhodamic acids (see Bntscher, Monatbh. 
1911, 32, 9-10), and alloxan with amino* 
antipyrine (see Meyer, Compt. rend. 1911, 152, 
1677). M. A. W. 

ALLOXANIC ACID e. Alu^xan ; and Biltz, 
Hoyn, Bergius (Annalon, 1916, 413, 368) ; 
Bohrend and Zieger (Annalcn, 1915, 410, 
337). 

ALLOXANTIN GhH* 0*N«,2H*0 (Ritthausen, 
Ber. 1896, 29, 892) exists in small quantities in 
crude beet-juice (Lippraann, Ber. 1896, 29, 2645), 
and forms 34 to 36 p.o. of the products when con- 
vicin from sow-beans ( Vicia faba minor) or from 
vetches (Vicia saliva) is hydrolysed by dilute 
mineral acids (Ritthausen, l.c, ; J. pr. Chein. 
1899, [ii.] 59, 487). Johnson (J. Amer. Ohem. 
Soc. 1914, 36, 337-.343) discusses its origin in 
plants. Alloxantin was first prepared by Liebig 
and Wohler (Annalen, 1838, 20, 262) by oxidising 
uric acid with dilute nitric acid ; or by the 
direct union of alloxan and dialurio acid, or by 
reducing a cold aqueous solution of alloxan with 
sulphuretted Iwdrogon or stannous chloride. 
According to Vitali (Chem. Zentr. 1898, i. 665, 
from Boil. Chim. Farm. 37, 66), the r^uotion 
can also be effected by means of hydriodio acid. 
Alloxantin was synthesised by Grimaux (Compt. 
rend. 1878, 87, 752) by heating malonio acid, 
carbamide and phosphoryl chloride at 150®, 
and passing sulphuretted hydrogen through a 
^ nitric acid solution of the crude product ; or 
I by passing sulphuretted hydrogen through a hot 
aqueous solution of dioromobarbituno acid 
! (Compt. rend. 1879, 88, 86). Koeoh (Annalen, 

, 1901, 315, 246) describes the conversion of iso- 
dialunc acid into alloxantin by heating it with 
guanidine and acetic acid ; the change seems 
, to be due to the transformation of the isodialurio 
I acid into dialuric acid by the action of the base, 
land the subsequent oxidation of the dialurio 
acid to alloxantin, since, if the reaction is con- 
’ducted in an atmo^here of carbon dioxide, 

I dialurio acid only is obtained. An Mueous 
I tospension of alloxantin powesses consiaerabla 
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oxygen oonraming power (Thnnbeig, Skand. 
Arch. Physiol. 1918, 33, 217). 

Alloxantin orystaUiaes from aqueous solutions 
in small sharp rhombic prisms, containing 2 mols. 
H|0 ; it becomes anhydrous after heating for 
1 -14 hours at 150®, or for 5 hours at 107®-110® ; 


it decomposes at 170® into hydurilio acid, 
ammonia, carbon monoxide, carbon dioxide, and 
Qxalic acid ; turns yellow at 225®, and decom- 
poses at 253^-255® (Bilte, Bcr. 1912, 45, 3675). 
it is decomposed into barbituric acid and 
parabanic acid when heated with concentrated 
sulphuric acid at 120®, or into allituric acid 
when boiled with excess of hydro- 
chloric acid (Schlieper, Annalon, 1845, 56, 20). 
Alloxantin is sparingly soluble in cold water 
(0*2885 gram per 100 c.c. at 25°, of which about 
22 p.c. is undissociated, Biilman and Bentzon, 
Bor. BUS, 51, 522), yielding an acid solution 
that reduces solutions of silver salts, and gives 
a characteristic violet-blue precipitate with 
baryta water, changing on warming into the 
colourless barium alloxanato which undergoes 
further decomposition into barium mesoxmate 
and barium carbonate (Liebig and Wohler, 
Annalen, 1838, 26, 312). Alloxantin has a 
molecular heat of combustion = 584*7 Cals. 
(iVTatignon, Ann. Chim. Thys. 1803, fO] 28, 323), 
and a frcshlv prepared aqueous solution shows 
a remarkable absorption band in the ultra- 
violet, which disappears upon keeping the 
solution, owing to the decomposition of the 
alloxantin into alloxan and dialuiic acid (Hartley, 
(-hem. Soo. Trans. 1005, 87, 1814). For this 
reason Hartley expresses the constitution of 
alloxantin by the formula 


/NHCOv /CONH 

COC HO >C 0 C -H 
\nhco/ Nco-nh 


^0 


{ibid. 1810 ; soo also Biilmann and Bentzon, Ber. 
1018, 51, 522; Slimmer and Stieglitz, Amcr. 
Chem. J. 1904, 31, 661). Piloty and Finckh 
(Annalen, 1000, 333, 22) found that alloxantin 
was resolved into alloxan and dimcthylamino 
dialurato, by boiling with dimcthylamine acetate, 
and suggest the constitutional formula 




in which the relationship between alloxantin and 
alloxan is the same as that existing between 
quinhydrone and quinono. In diazo acetic ester 
the dissociation constant is 0*0000331, con- 
centration of H ions 0*00001644, and sp. con- 
ductivity at 26® (not deducting that of water 
1,1 X 10-*) 1,13 X 10 (Calcagni, Atti. R. Accad. 
dei Linoei. [5] 25, i. 043 ; see also Richter, Ber. 
1911, 44, 2155; Johnson, J. Amer. Chem. Soc. 
1914. 36, 337). 

Alloxantin is readily converted into murexide 
(q.w) by the action of ammonia, into alloxan 
by mild oxidising agents, and into dialuric 
acid by reducing agents. In its physiological 
action alloxantin resembles alloxan, but is 
especially poisonous to cold-blooded animals, 
the blood showing strong reducing properties; 
when taken intemallk it appears in tlie urine as 

S arabanio acid, and in smaller quantities as 
ialuric acid, murexide, and alloxantin itself (Ko- 
walewski, Chem. Zentr. 1887, 1290 ; Susini, Ann. 
Chim. Farm. 1895, 21, 241 ; 1890, 22, 341, 385). 


AeeAyhBaxaniin obiaiaed 

by the interaction of aoetyl dialuiio aeid and 
aUoxati, ciystallises in thm loafleta, becomes 
anhydrous when kept in a vacuum over sulphnrio 
acid, melts and decomposes at 263®-266 , and 
is slowly hvdrolysed by hot water with the 
formation of alloxantin. 

BenzoylalloxarUin Ci5HioO«N4,H,0, simi- 
I larly formed from benzoyl dialurio acid and 
alloxan, crystallises in colourless six-sided plates, 
and melts at 253®-255® (Bebrend and Friedrich, 
Annalen, 1906, 344, 1). 

Alloxantin is decomposed when boiled in an 
aqueous solution of the hydrochloride of a 
primary amine, yielding alloxan, together with 
the corresponding dibarhtturykUkykunine. These 
are oolourlcss ciystalline dibasic acids, hydrolysed 
b^ boiling with aqueous alkaU l^dfoxides into 
dialurio acid and the amino. JDtbafbiitirylme- 
thylamine 


p/x^NH'COv. p^CO’NHn. 


decomposes at 280®, dibarhiturylethylamine de* 
composes at 236®, dibarhiturylphenylamine be- 
comes blue at 240®, dtbarbituryl-a-naphlhylamine 
becomes black at 260®, the corresponding jS- 
(‘ompound decomposes at 260°, and aibanhituryh 
carbamide C0(NH*C4H40sN2)i decomposes above 
300®. 

The following homologues of alloxantin have 
been prepared : methyudloxarUin C9H(,04N4, 
3HgO from methylalloxan and dialuric acid 
(Andreasch, Monatsh. 1882, 3, 431); sym- 
dimetkulaUoxantin OioHioOgN4,4H|0 from 
inothylalloxan (Maly, Andreasch, Monatsh.. 1882, 
3, 109), unBym’dimetkylaUoxantin C10H10O4N4, 
HgO from mmethyldialuric acid and alloxan 
(Andreasch, Monatsh. 1882, 3, 428). Tetra- 
methylaUoxantin O12H14OSN4 amalic acid (from 
&ina\6s = soft, so ctdled on account of its 
feebly acid reaction), prepared (1) by oxidising 
caffeine with chlorine or nitric acid (Rochleder, 
Annalen, 71, 1) ; (2) by reducing dimethyl- 
alloxan with sulphuretted hydrogen (Fischer, 
Ber. 1881, 14, 1912) or with stannous chloride 
(Andreasch, Monatsh. 1895, 16, 19) ; (3) from 
dimethyldiEilurio acid and dimethylalloxan 
(Maly and Andreasch, Monatsh. 1882, 3, 105) ; 
(4) by the electrolysis of caffeine in sulphuric 
acid solution (Pommerehne, Arch. Pharm. 235, 
365). See BUtz (Ber. 1912, 45, 3673) for the 
preparation of dimethyl and teiramethylalUKcarUin 
irom theobromine and caffeine respectively. 
Telraethylalloxaniin CiaH220gN4, obtained by 
reducing diethylalloxan, melts and decomposes 
at 162® (Sembritzki, Bor. 1897, 30, 1821). 

• M. A. W. 

ALLOXAZINE v. Alloxan. 

ALLOYS V. METALIiOGBAPHY. 

ALLYL. A univalent radicle CaHs — , or 
CHjjCH’CHj — , isomeric with propenyl CH,* 
CH : CH<. 

Ally! acetate CHj*C02C,H4 boils at 103®- 
104®/733*9 mm. (Bruhl), and has sp.gr. 0*9376 at 
0® (Schiff). It is only slightlv soluble in water, 
and has a rather sharp smell. It is prepared 
by the action of allyl iodide on silver acetate 
(^inin, Annalen, 96, 361 ; Cahours and Hofmann, 
Annalen, 102, 295; Bru hi, ^Annalen, 200, 179; 
Schiff, Annalen, 220, 109). 

Allyl acetic acid C,H4*OH,*CO,H boils at 
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ISr-lSg**. and has Bp.gr. 0*98416 at 16^ (Perkin). 
It ia slightly aolnlw in water and its smell 
resembles that of yalerianic acid. It is una|feGted 

redaction with sodium amidgam, but readily 
unites with two atoms of bromine. It is proparod 
by hydrolysing ally! acetoaoetic acid etnyl ester 
with ^ sodium ethoxide, or by heating idlyl 
malonio acid (Zeidler, Ann^en, 187, 39 ; Conr^ 
and Bischoff, Annalen, 204, 170 ; Henry, Chom. 
Zentr. 1898, ii. 663). 

The chloride C,H 5 CH,*COCi is a thick, 
pungent-smelling syrup, boilum at 128°/765 mm., 
and of 8p.gr. 1*0739 at 16® (Henry, l.c.). 

AUylaeetone CHs'CO'CHs'CsHs boils at 
128®-130®, and has sp.gr. 0*834 at 27®. It is 
an unpleasant-smelling liquid. It forms an 
amoiphous compound with sodium bisulphite, 
and IS reduced by sodium amalgam to hoxcnyl 
alcohol. It is prepared by hydrolysing allyl 
acetoacetic acid etnyl ester (70 grams) with 
crystallized baryta (215 grams) and water 
(1660 c.c.) (Zeidler, Annalen, 187, 35 ; Mcrling, 
Annalen, 264, 323). Treated with hydroxyl- 
amine it yields allylocefoztme CH,*C( : NOH)*CHj* 
CjHs, which is a liquid boiling at 188® (corr.), 
soluble in alcohol, benzene, ether, acids and 

• AUyl aleohol CaHj-OH, i.e. CHa:CH*CHa*OH 
occurs in raw wood spirit, but only to the extent 
of about 0*2 p.c. (Aronheim, Ber. 1874, 1381 ; 
Grodzki and Kramer, ibid. 1492). It is a 
pungent liquid with a burning taste, and mixes 
readily with alcohol, water, or other. It boils 
at 96*6® (corr.), and has sp.gr. 0*87003 at 0® and 
0*8673 at 16®/ 15® (Thorpe, Chem. Soc. Trans. 
1880, 208), Do 0 80929, and b.p. 96*95® (Wallace 
and Atkins, Chem. Soc. Trans. 1912, 1183). 

It is prepared by slowly distilling glycerol 
(400 parts) with crystallised oxalic acicl (100 
parts) and a little ammonium chloride (1 part) 
to convert any potassium oxalate into chloride. 
The receiver is changed at 190® and distillation 
continued up to 260®. It is usually stated that 
the allyl alcohol is produced by the decomposi- 
tion of monoformin, out according to Chattaway, 
the chief source is the normal oxalic ester 

CH, CH*CHaOH, . 

dioxalin | | which on 

0'C0*C0*0 

heating is resolved into carbon dioxide and 
allyl alcohol (Chattaway, Chem. Soc. Trans. 
1914, 105, 161; ibid. 1916, 107, 407). The 
distillate, containing aqueous aUyl alcohol, allyl 
fomate, acrolein, and glycerol, is rectified and 
dried, first with potassium carbonate, then over 
solid potash and distilled. When the last traces 
of water are removed by quicklime it boils at 
96*6®. The yield is one-sixth of the weight of 
oxalio acid taken (Tollens and Henninger, Bull. 
Soo. ohim. [2] 9, 304 ; Briihl, Anntden, 200, 
174; Linnemann, Ber. 1874, 854). FurtW 
urifioation may be effected by prolonged 
eating with sodium bisulphite and, after 
removal of the bisulphite, redistilling several 
times from quicklime (Thorpe). 

According to Koehler (Bull. Soc. chim. 1913, 
[iv.] 13, 1103) the yield of allyl alcohol may be 
moreased from 20 to 32 p.c. by replacing the 
oxalio acid by formic acid. 100 grama of 
glycerol are heated with 80 grams of formic acid 
for an hour on a water* bath and the product 
fractionally distilled and collected in three 


fractions: (I) up to 200®; (2) 200®- 260® ; (3) 
residue. The saponification index of fraction 
(2) is doterminea, and it is then poured on to 
twice the calculate amount of solid potassium 
hydroxide. The whole is boiled for an hour, 
allowed to cool, and the top layer decanted and 
dried over anhydrous potassium carbonate. 
The intermediate product is monoformin. 

According also to Hoff (K. Danske Videnskab. 
Sclskab. Forhand. 1915, 199) the most satis* 
factory method of preparing allyl alcohol con- 
sists in the direct reauction of glycerol with 
formic acid. 825 grams of 97 p.c. glycerol and 
84*2 grams of 95 p.o. formic acid (mol. props. 
5:1) arc heated together in a retort ; the 
receiver is changed at 200®, and the distillate 
collected between 200® cmd 2^®. After cooling a 
furtlior quantity of 166 grams of glycerol and 
84 2 grams of formic acid is added, and the 
distillation carried out as before. This process 
IS repeated ten times. From the distillate 
between 200® and 260®, which weighs about 
1470 grams, allyl alcohol is obtamed after 
treatment with potassium carbonate, the yield 
being about 54 p.c., calculated either with 
respect to the glycerol or the formio acid ((*hom. 
Soc. Abstr. 1916, i. 6). 

Allyl aleohol is oxidised by ohromio acid 
solution to acrolein and formio acid ; and by 
dilute nitric acid to formio and oxalic ueids ; 

glycerS, and formio aci§. It combines directly 
with chlorine, bromine, iodine chloride, and cyano- 
gen, producing additive products. It is partially 
reduced by boiling for some hours with ziiio and 
dilute sulphuric acid to n-propyl alcohol. 
Potassium displaces the hydroxy iio hydrogen 
atom and forms gelatinous potassium allyUitc. 

Denigbs (Bull. Soc. chim. 1909, 5, 878) 
describes the following colour reactions for the 
detection of allyl alcohol, depending on the 
formation of (1) glyoeralduhydo and (2) di- 
hydroxyacotono and the condensation of those 
products with various roagonts. Bromine 
water (0*6 c.c. in 100 c.c. water) is adde<l to 
0*1 c.c. of allyl alcohol, till a slight permanent 
colouration is produced, and the liquid is 
then boiled, cooled, and divided into portions 
of 0*4 c.c. To each of these 0*1 c.c. of a 6 p.c. 
solution of codeine, resorcinol, thymol, or jS- 
naphthol is added, followed by 2 c.c. of sulphuric 
acid (sp.gr. 1*84) and the mixture warmed 
during 3 or 4 minutes at 100®. Codeine and 
thymol give reddish-violet colourations, resor- 
cinol winc-red, and iB- naphthol yellow with 
greenish fluorescence. The second series of 
colour reactions is obtained by adding to the 
brominated liquid above described 5 c.c. of 
bromine water (0*6 c.c. in 100 c.o. water), 
heating during 20 minutes at 100®, then boiling 
to remove excess of bromine and cooling. This 
liquid contains dibydroxyacetonc, and in the 
presence of concentrated sulphuric acid gives a 
deep-blue colour with codeine, orange-r^ with 
resorcinol, blood-red with thymol, or green with 
reen fluorescence with iS-naphthol (Deniges, 
oi^t. rend. 148, 172, and 282). 

Bromine is quantitatively absorbed by allyl 
alcohol, whether the former is in excess or not, 
and the reaction is suitable for the exMt 
quantitative estimation of the akohol, which 
may be effected either by direct titration with 
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bromine water until a permanent yellow coloura- 
tion is obtained, or by treating the acidified 
ueous solution of the alcohol with an excess 
bromide-bromate solution, followed by 
addition of potassium iodide and titration of 
the liberatea iodine with sodium thiosulphate 
(Stritar, Monatsh. 1918, 39, 617). 

Allylamlnes. 

MtmodUylamine is a liquid boiling 

at 63*3* and of sp.gr. 0*7799 at 4* and 0*7688 at 
16* (Perkin, Chem. Soc. Trans. 1889, 697) ; b.p. 
68* and sp.gr. 0*864 at 16* (Rinne, Annalen, 
168, 262) ; b.p. 66*-66*6*/766*2mm. (Schiff, Ber. 
1886, 666). It is prepared from allyl isocyanate 
and potash, or from allvl iodide and ammonia, 
or by reduction of allvl mustard oil with zinc 
and %drochlorio %pid (Oeser, Annalen, 134, 8). It 
possesses a penetrating smell, which excit^ tears 
and produces sneezing. It is miscible with water 
in all pro^rtions, and is a strong base, forming 
a crystalline platinichloride (CjjHj-NHjljPtCl*, 
and sulphate (C3H4*NHj)2H2S64. The hydro- 
chloride melts at 106*-110* (DcUpine, Bull. 
Soc. chim. [3] 17, 294) and the picrate at 
140M41* aRer sintering (Gabriel and Eschen- 
bach, Ber. 1897, 1126). 

DiaUylamine (0aH.)2NH bods at 111® and 
is prepared from allyfamine and allyl bromide 
(Ladenburg, Ber. 1881, 1879 ,* Liebermann and 
Hagen, Ber. 1883, 1641). 

Triallylamtne (CaH3)aN is a very unpleasant- 
smelling liquid, boiling at 160®~161® (Pinner, Ber. 
1879, 2064) j 166«-166*, 8p.gr. 0*8094 at 14*3* 
(Zander, Annalen, 214, 161). It is prepared by 
distilling tetraUylammonium bromide with large 
excess of recently fused potash (Groshemtz, 
Bull. Soc. chim. [2] 31, 391) or from allyl chloride 
and alcoholic potassium cyanide in the cold 
(Pinner, l.c.) ; or from allyl chloride and am- 
inonia (Malbot, Bull. Soc. chim. [2J 60, 90). It is 
displaced from its aqueous solution by potash, 
and forms a cryst^ine platinichloride and 
hydrochloride. 

. TetraUylammonium bromide (C3H3)3NBr is a 
crystalline solid, soluble in alcohol and water, 
but only slightly so in other. It is prepared by 
leading a stream of ammonia mto an alcoholic 
solution of allyl bromide. The product is purl 
fied by rccrystallisation from alcohol containing 
a little ether (Grosheintz, Bull. Soc. chim. [2} 31. 
390). Treated with moist silver oxide it yields 
tetraUylammonium hydroxide. 

TetraUylammonium iodide (CgHgliNI is the 
main product of the reaction of allyl iodide on 
ammonia at the ordinary temperature (Cahoura 
and Hofmann, Annalen, 102, 306 ; Malbot, Ann. 
Chim. Phys. [6] 13, 488). It is a crystallinv 
solid, insoluble in strong potash solution. 

AUylanillne CeH3*NHC8H. is a yellow oO 
)>roduced by tlie action of allyl iodide on aniline. 
It boils at 208°“209® and has sp.gr. 0*982 at 26® 
(Schiff, Annalen Suppl. 3, 364). 

Diallylaniline C.H5*N(C.H3)2 is prepared by 
adding allyl bromide (1 mol.) to aniline (1 mol.) 
in a flask fitted with reflux condenser, separating 
the allyl aniline by the addition of potash, and 
converting it into diallyl aniline by repeating 
the process with more allyl bromide (1 mol.). 
It boils at 243*6*->246®, and has sp.gr. 0*9638 at 
19*8® (Zander, Annalen, 214, 149). 

AUyl IMIIIMM C«HvCH,*GH:CH, U obtained 


zinc-dust to 100^ (Chojnaoki, J. 1873, 669; 
Fittig, Annalen, 172, 312). It boils at 165*. 
The isomeric benzM (and phenyl 

prop^flene— C«n**CH : CH*GH.) is sometimes 
incorrectly referred to as allyl benzene. 

Allyl bromide, numobrompropylene CH3:CH* 
CH^Br, boils at 70*-71*, and has sp.gr. 1-4336 
at 17* (Zander, Annalen, 214, 144); b.p. 70‘5* 
(corr.) (Thorpe). It is formed by the action 
of phosphorus tribromide on allyl alcohol, and 
is prepared by dropping allyl alcohol into a hot 
solution of potassium bromide in sulphuric acid 
(1 vol. acid to 1 vol. HgO) according to Gros- 
heintz (Bull. Soc. chim. [2] 30, 78); or by 
saturating allyl alcohol with hydrogen bromide 
at 0* and suDScquently heating to boiling for 
several hours (Jacobi and Merling, Annalen, 27S, 
11 )* 

Allyl bromide absorbs hydrogen bromide in 
bright light forming trimethylene bromide ; in 
the dark propylene bromide is also produced 
(HoUeman and Matthes, Proc. K. Akad. Wei. 
Amster. 1918, 21, 90). 

Allyl chloride CHsrCH CHsCl boils at 4b*, 
and has sp.gr. 0*9647 at O'* (Tollens, Annalen, 
166, 164) ; 0-9371 at 19*3^ (Zander, Annalen, 214, 
142) ; b.p. 46*29* (corr.) (Thorpe). It is pre- 
pared by the action of mercuric chloride on ally! 
iodide, or from allyl oxalate calcium chloride 
and alcohol at 100* (Oppenheim, Annalen, 140, 
205) ; or, best, by heating allyl alcohol and 
concentrated hydrochloric acid to 100* for some 
iiours (Eltekow). It combines with hydrogen 
chloride to form propylene chloride OsHeCla, 
and with fuming hydrobromic acid yielding 
l-chloro-3-bromopropane CH2C^Ci^J•CI^^^Br 
Allyl cyanai aide, eirmminef C8Hj*NH*CN, is 
produced by warming allyl thiocarbamide with 
lead hydroxide on the water-bath (Will, Annalen, 
62, 16). On standing for some months crystals 
separate from the resulting product. It is pre- 
pared by shaking an aqueous solution of ally] 
thiocarbamide with mercuric oxide until the 
solution no longer blackens ammoiiiacal silver 
nitrate (Andreasch, Monatsh. 2, 780). It is 
alkaline in reaction, precipitating metallic oxides 
and replacing ammonia in its salts. The crystals 
contain ^Hj,0 and melt at 100®, giving up their 
water. It forms a difficultly crystallisable salt 
with oxalic acid, but not with other acids, and 
double compounds with mercuric and platmic 
chlorides. 

Allyl cyanide, crofonomfrtfe, CgH^'CN, boils at 
119® (corr.), and has sp.gr. 0*8491 at 0® and 
0*8361 at 16®. It is obtained by the action of allyl 
iodide on potassium cyanide, and, together with 
other products, by allowing allyl mustard oil to 
remain in contact with water for some weeks, 
and also by the action of acetic anhydride on 
crotonaldoxime. It has been prepared by Henry 
(Chem. Zentr. 1898, ii, 662) by the action of 
phosphorus pentoxide on a- or i9-hydroxy-bu- 
tyronitrile. It is a liquid with an unpleasant, 
onion-like smell. On warming to 60®-^® with 
fuming hydrochloric acid for two hours, chloro- 
butyrio acid is produced. Chromic acid oxidises 
it to acetic acid, nitric acid to oxalic acid. 

AUylenes. Two aUylenes are possible and 
known : symmetrical allylene CH8:C:CHa,. 
and unsymmetrical allylene CH,*0;CH. 

Symmetrical allylene, propodtene, CH, : CiCHs,. 
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flame. It is prepared by dropping a-bromoallyl 
bromide (10 krams) into a mixture of 20 grams 
zinc-dust and 25 grams alcohol (70 p.o.) (Gus- 
tavson and Demjanow, J. pr. Ghem. [2] 39, 202). 
It does not precipitate ammoniacal solutions of 
silver nitrate or cuprous chloride. It is readily 
absorbed by strong sulphuric acid, and acetone 
is produced on ddution. When dissolved in 
absolute ether and heated with sodium to 100°, 
it changes into the isomeric methyl acetylene 
It rea<uly forms a tetrabromide CsH4Br4 by 
addition of bromine. 

Unsymmetrical allylene, jneLhyl acetylene 
CHg C ; OH, results from propylene bromide, 
monobromopropylono, or monochloropropylene 
bv withdrawal of HCl or HBr by means of 
alcoholic potash, and from symmetrical allylene 
(v, supra). It is an unpleasant-smelling gas, 
which is liquefied under a pressure of 3-4 
atmospheres. It burns with a bright sooty 
flame. It dissolves readily hi ether (30 vols. in 1 
of ether at 16°). Potassium permanganate in 
the cold oxidises it to formic, oxalic, and malonic 
acids. Explosive compounds are produced by 
leading it into ammoniacal solutions of silver 
nitrate or cuprous chloride. Concentrated sul- 
phuric acid readily absorbs it, forming on dilution 
' and distillation acetone mcsitylene and aliyleiio 
sulphonic acid O3H3SO3H (Schrobe, Ber. 1876, 18 
and 367 ). The barium salt of the latter is crystal- 
line, easily soluble, and not decomposed on boil- 
ing with water. (/. Acetylene : homologi e« cf. 

Allyl ether C3H5 O C3H5 boils at 94-3° and 
has sp.gr. 0*8046 at 18°. It is prepared from 
allyl iodide and sodium allyl alcoholate, or from 
allyl iodide and mercuric oxide (Cahours and 
Hofmann, Annalen, 102, 290; Berthelot and 
Luca, Ann. Chim. Phys. [3] 48, 291). 

Allyl ethyl ether CjMs'C CaKg boils at 66°- 
677742*9 mm. (Briihl, Annalen, 200, 178). Pre- 
pared from allyl iodide and sodium ethoxide. 

AUyl iodide CaH^l boils at 102*79° (corr.) 
(Thorpe and Rodger), and has sp.gr. 1*8696 
0°/0°. Berthelot and Luca (Ann. Cliim. Phys. 
[3] 43, 257) obtained it by the action of PIj on 
glycerol. It may be prepared by Icavmg 
together for 24 hours red phosphorus (20 grams), 
allyl alcohol (160 grams), and iodine (254 grams) 
(ToUens and Henninger, Annalen, 156, 156) ; 
or by the following process : 100 grams of 

iodine and 1600 grams of carefully dehydrated 
glycerol are brought together in a large vessel, 
the air displaced by a current of carbon dioxide, 
and 300 grams of ordinary phosphorus gradually 
added. The allyl iodide is distilled oil in a 
stream of carbon dioxide, and then contains 
as impurity some tsopropyl iodide. According 
to Rasik Lai Datta (J. Amer. Chem. Soo. 1914, 
36, 1005) the use of carbon dioxide is un- 
necessary. To purify it, it is dissolved in 
alcohol and shaken with mercury, when the 
compound HgC3H5l is precipitated. This is 
recrystallised from water and decomposed, 
regenerating allyl iodide, by distillation with 
water and the theoretical quantity of iodine 

i Linnemann, Annalen Suppl. 3, 263). It com- 
bes with bromine to form tribromhydrin, and 
with hydriodio acid to give diiodopropylene. 
By long heating with about 20 parts of water it 
is converted into allyl alcohol and hydriodio acid. 

Allyl mercaptan C3H3SH boils at 90°. 
With merouiio chloride it yields OgHiSHgCl, 


which crystallises from alcohol in plates (Hof- 
mann and Cahours, Annalen, 102, 202 ; Gerlioh, 
Annalen, 178, 88). 

AUylmethylal isothloeyanate is the name 
given to the compound C,H60*S*CH3*CN, pre- 
pared by passinff a current of formaldehyde gas 
through gfyceror(l kilo) and allyl tsothiocyanate 
(6 grams) heftted to 190° until the weight of the 
whole is 1400 grams. When cool the product 
is filtered and the resulting methylal tsothiooy%- 
nate used as an antiseptic (Piot, Ft, Pat. 330988, 
1903). 

Allyl mustard oil v. Mustabd oil and Essbk- 

TL4L OILS. 

Allyl nitrite C3H5NO3 is obtained by adding 
glycerol trinitrite to ice-cold allyl alcohol ana 
cautiously distilling off the aUyl ester (Bertoni, 
Gazz. chlm. ital. 15, 364). 4t boils at 43*6°- 
44*6°, and has sp.gr. 0*9546 at 0®. It is readily 
decomposed by shaking with water, and yields 
ethyl nitrite on treatment with ethyl alcohol. 

Allyl-phenyl- thiourea SC 5 <^ 2 *cJhJ 

prepared from aniline and mustard oil (Zinin, 
Annalen, 84, 348) ; or from allylamine and phenyl 
mustard od (Weith, Ber. 8, 1629). It forms 
monoclinio crystals, melting at 98°, and is 
readily soluble in ether, but not in water. 

Allyl pyrrol C4H4NC3H3 is readily obtained 
by the action of allyl bromide on potassium 
pyrrol in ether (Ciamician and Dennstedt, Ber. 
1882, 2681). It is a light-yellow oil, turning 
brown on exposure to air. It boils at 106°y^48 mm. 
It is insoluble in water, but dissolves in HCl, 
producing a red colour. 

Allyl sulphate C3H4*HS04 is prepared by 
adding allyl alcohol (1 vol.) to sulphuric acid 
diluted with its own volume of water (1 vol.), 
and leaving at ordinary temperatures for five 
davs. Subsequently the mixture is heated to 
70° for 12 hours, diluted with water (10 vols.), 
and saturated with barium carbonate (Szyman- 
ski, Annalen, 230, 44 ; v. also Cahours and 
Hofmann, Annalen, 102, 293). It forms cha- 
racteristic salts, a number of which are described 
by Szymanski (l.c.). 

Allyl sulphide, oil of garlic, (Ger. KnohlaU'- 
chOl) (C3H4)2S, occurs in garlic {Allium sativum) 
and other plants. It is prepared from mustard 
oil and potassium sulphide at 100° (Wcrtheini, 
Annalen, 56, 297) ; or from allyl iodide and 
potassium sulphide (Hofmann and Cahours, 
Annalen, 102, 291). It is a liquid boiling at 138*6°, 
and has sp.gr. 0*88765 at 26*8®/4®. It has a very 
strong odour of garlic and is only slightly 
soluble in water. 

Allyl thiocarbamide, allyl thiowea, thiosina- 

mine, *Ehodallin' “ produced 

by the prolonged action of aqueous ammonia 
on mustard oil (Dumas and Pelouze, Annalen, 
10, 326). It forms clear six-sided tables, which 
melt at 78*4°, after sintering at 71®. It is 
insoluble in benzene, sparingly soluble in 
water, and readily so in ucohol and ether. It 
combines directly with halogens, cyanogen, 
ethyl iodide, acids, Ac. Deprived of its 8ul]^ur 
by mercuric oxide, or lead oxide, it yields sino- 
mine (allyl cyanamide) CsH^'NH'CN. It has been 
used in surgery for the removal of soar tissue. 
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being mjeoted w a 10 or Id p.c« eolution in 
dilate glyoeioL 

AUyl tribromide, * Tribromhydrin ’ CiH.Br,, 
WM obtained by Wurtz by treating allyl iodide 
with bromine, and by Berthelot and Luoa by 
the action of phoaphorus tri- and pentabro- 
midea on glyoeroL It is a slightly yellow liquid 
of 8p.gr. 2*430 at 16*5^ and b^ils lit 217*. It is 
a strong sedative and anodyne. 

* Allyl urea crystallizes in 

needles, melting at 86* (Cahours and Hofmann, 
Annalen, 102, 290 ; Andreasch, Monatsh. 5, 36). 

J. A. P. 

ALMASCA. A soft grey resin soluble in 
chloroform, ether, and absolute alcohol. Pro- 
bably derived frpm the burseraceous Protium 
K^'ptaphyllum (March.) [Idea hepiaphyUa (Aubl.)J 
(Symes, Pharm. J. [3] 13, 213). 

ALMATEIN. Trade name for a condensa- 
tion product of hsBmatoxylin and formaldehyde. 
Used as an antiseptic. 

ALMIRAO. Indian name for Launoea pinna- 
tijida (Cass.) Microrhynchus sarmentoeua (DC) 
which belongs to the family Compositte and is 
used at Goa as a substitute for taraxacum 
(Dymock, Pharm. J. [3] 6, 730). 

ALMOND. The kernel of the fruit of Prunus 
amygdalue or Amygdalua communis. 

Two principal varieties exist — the sweet and 
the bitter almond. Both contain amygdalin, 
but the latter is much richer in this substance 
(2 to 3 p.o.), and contains an enzyme, emvlain, 
which, in the presence of water, decomposes the 
amygdalin. yielding glucose, benzaldehyde, and 
hydrocyanic acid 
C,oH,,NOn+2H.O 

=C,HjCH0+HCN+2C.Hi80, 
In addition, almonds contain about 60 p.o. of 
their weight of a fixed oil (mainly olein, and 
liable to become rancid) and smaller quantities 
of proteins, sugar, starch, gum, fibre, and ash. 

Analyses of almonds made at various stages 
of growth and ripening, show the percentage of 
amyloses, glucose, and saccharose to steadilv 
diminish, whilst the proportion of oil increase 
(Du Sablon, Compt. rend. 1896, 123, 1084). 

According to Valle'e (Compt. rend. 1903, 136, 
[2J 114), reducing sugars in the immature almond 
decrease as the fatty oil increases; sucrose 
increases until oil • formation begins, then 
decreases during oil-production, and towards the 
end again increases. Bipe almonds contain 
about 3 p.c. of sucrose. According to Osborne 
and Campbell (J. Amer. Chem. Soc. 1896, 18, 
609), the protein in almonds is amandin and not 
conglutin or vitellin. H. 1. 

ALMOND OIL is obtained from the seeds 
of Prunus amygdalua (Stokes) [Amygdalua 
communis (Linn.)]. The almond tree appears to 
have been mdigenous to Turkestan and Middle 
Asia, and has been transplanted from there to 
Greece, Italy, Spain, France, and to Northern 
Africa. The mean percentage composition of 
the almond is given by Kbnig os follows : — 

Oil . • Al'OOp. c. 

Water 27*72 „ 

Proteins 16*50 „ 

Extracted matter, free from nitrogen 10 *20 „ 

Crude fibre .... 2*81 „ 

Ash * ... a. 1 *77 ,, 


The commercial oil is chiefly expressed from 
bitter almonds, the seeds of Pmnua amygdalua, 
var. amcara. Bitter almonds contain, besides 
the Ail, amygdalin and emulsin, which give 
rise to the formation of benzaldehyde, dextrose, 
and hydrocyanic add. Hence the press-cakes 
from almonds find a profitable, outlet in the 
manufacture of genuine * ethereal bitter almond 
oil,* which is prepared by triturating the meal 
with water. 

Sweet almonds (from Prunus amygdalua, 
var. dtUcia) are but rarely used alone for the 
preparation of almond oil. Mogador bitter 
almonds, which are chiefly used in this country 
for the manufacture of almond oil, are always 
more or less mixed with sweet almonds. Sweet 
almonds 3 ddd from 44 to 66 p.c. of oil, bitter 
almonds yield less and may contain as low a 
proportion of oil as 20 p.c. On an average, 
however, bitter almonds yield from 38 to 46 p.c. 
of oil. 

The oil is pale yellow ; it has a very pleasant, 
mild taste, and is almost free from odour. The 
specific gravity of the oil varies from 0*916 to 
0*9195 at 16*. The oil becomes turbid at —10*, 
and solidifies at —20*, has the saponification 
value of the majority of oils which are free from^ 
volatile acids, and an iodine value of 93-100.' 
Famstciner (Zeitsch. Nahr. Genussm. 1899, 
2, 1) separated linolic tetrabromide in a pro- 
portion corresponding with6*97 p.o. of linolic acid, 
and it is probable that other specimens may 
contain up to about 10 p.c. of that acid. The 
other fatty acids consist mainly of oleic acid, 
with, at most, traces of saturated fatty acids. 

Almond oU is chiefly used m pharmaceutical 
practice. Owing to its high price it is largely 
adulterated wiUi other oils of the Prunus 
family, chiefly with apricot kernel oil, from 
Prunua armeniaca (Linn.), and with peach kernel 
oil, from Prunua persica (Sieb. et Zucc.). These 
two oils are very similar to almond oil, but have 
a less pleasant taste. They are used to such 
an extent as adulterants that frequently they 
completely take the place of almond oil ; indeed 
* foreign ’ almond oil, or * oil of sweet almonds, 
French ’ {Oleum amygdalarum gaUiemn), is 
nothing else than a mixture of apricot kernel 
oil and peach kernel oU. Genuine almond oil 
is sold in commerce under the name * almond oil, 
Endish.’ 

The close relationship in which apricot and 
peach kernel oils stand to almond oil, renders 
their detection in almond oil a difficult problem. 
They differ from almond oil in some^es 
having a h^her iodine value (96-108), and a 
higher critical temperature of solution {e.g. 
almond oil, 32*-33*6* ; apricot kernel oil, 
46*-47*; and peach-kernel on, 41*). Of various 
colour reactions that of Bieber (Zeitsch. anal. 
Chem. 1878, 17, 264) is the best known. It 
depends on the different colourations given by 
the three oils when shaken with a mixture of 
strong sulphuric and nitric acids and water. 
The miromogenio substance in apricot kernel oil 
is not volatim with steam, and the test is capable 
of detectiim 6 p.o. of that oil in almond odl 
(Ross and Race, Analyst, 1911, 36, 263). 

ALMONDS, BITTER, Eaaeniial oiloflv. Bmrz* 

OLDSHYDS ; also Oils, Essential). 

ALOE. A genus ot succulent plants, having 
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Liliace:B. (PlaatB figpired, and straoture of 
leaves deseribed, Fennetier, 660» 579.) Of the 
85 q>eoie8 60 aie natives of Cm Oolonv, ami the 
othw speoies are mainly sab*tropicaI African, 
though a few occur in the tropics ; a number of 
species have been, however, introduced into the 
West and East Indies. (For a list of the species 
and their distribution, v. Pharm. J. [3J 11, 
746.) 

The fibre is used for rope, &o. ; experiments 
made in Paris have shown it to be five times as 
strong as hemp. The fibre has also been used 
for paper-makmg (Nat. 20, 484). 
ALOE-EMODIN V . Rhubasb. 

ALOE RESINS v. Aloes ob Bitter aloes. 
ALOES or BITTER ALOES. {Alota, Fr. ; 
Ahe, Ger. ; Aloe, B.P . ; U.S.P.). The inspis- 
sated juice wDr extract of the aloe. Slow con- 
centration induces crystallisation and gives an 
e product ' aloe hepatica.’ More com- 

E and rapid evaporation yields glassy * aloe 
,’ whiw shows no crystals under the 
microscope. The principal varieties found in the 
market are : — 

1. Curasao {Barbados) Aloes (from A. chi- 
nenaia, Baker, A. vera, L.), formerly produced in 
Barbados, but now almost exclusively in 
Curasao and other Dutch West Indian ishsinds. 
It is usually op^ue {* livery *) and from orange 
to nearly black in colour. 

2. Cape Aloes (from A. ferox. Miller, and 
other South African species) is vitreous, breaking 
readily into transparent glassy, reddish, or pale- 
brown fragments. It is the chief variety used 
in Germany and adjoining countries ; in Britaiu 
mostly for veterinary purposes. 

3. Bocotrine Aloes (from A. Perryi, Baker). 
It is generally import^ in a moist pasty con- 
dition, and is of a dark reddish-brown colour. 
A variety of Socotrine Aloes from Zanzibar often 
closely resembles that from Curasao. Of these, 
Cura9ao Aloes is the only one containing 
appreciable quantities of tsobarbaloin, and hence 
gives Klunge’s reaction characteristio for this 
substance {see below). With concentrated nitric 
acid Cura(;'ao aloes become at once deep red ; 
Socotrine becomes reddish- or yellowish-brown ; 
Cape aloes gradually green. The aqueous 
solution (1 p.c.) of all varieties shows a green 
fluorescence on adding 5 p.c. borax solution. 
Natal aloes is no longer an article of commerce ; 
Uganda alo^s (imported from Mossel Bay) is a 
variety of Cape aloes produced by careful 
evaporation. 

Alolns. fiy extracting aloes with water the 
urgative principles, a 1 o i n s, can be obtained, 
henstone (Pharm. J. [3] 13, 461 ; Ohem. Soc. 
Trans. 44, 480) divides the m into two classes : 
1. Natalofina, which only yield picric and oxalic 
acids with nitric acid, and which are not 
reddened it, even on heating (Fliickiger, 
Arch. Pharm. [2] 149, 11 ; Tilden, Chem. Soc. 
Trans. 25, 153). 2. Barbudoina, which yield 
aloetio acid Oi4H4(NOt)40a, chrysammic acid 
0 i 4 Hs(N 02)4(0H)20 s 9 picric and oxalic acids, 
and are reddened '^by nitric acid. a-Barbaloins, 
from Barbados aloes reddened in the cold by 
strong nitric acid (Tilden, Pharm. J. [3] 2, 845 ; 
Chem. Soc. Trans. 25, 488). fi-BarbdUnna, from 
Socotrine, Zanzibar, and Jafferabad aloes, 
coloured only on heating with ordinary, and in 
the cold with fuming, nitric acid (Flficl^er, l.c. ; 


Tilden, Chem. Soo. Trans. 28, 1270; Pharm. 
J. [314,208). 

A loin, official in the B.P. and U.S.P., 
and obtAmed chiefly from Curacao aloes, is a 
yellow crystallipe powder consisting of a mixture 
of barbataHn and isebarhakiin, which substances, 
according to lAger (Compt. rend. 1911, 153, 
114), are isomeric, having an arabinoae group 
in j^tions 1 and 8 respectively. I/ger (J. 
Pharm. Chim. 1907, [vi.] 25, 476, 513) further* 
considers that all the above-mentioned varieties 
of aloes yield barbaloln with the exception of 
the Natal variety, which gives a separate sub- 
stance, nataloln. The amount of aloln in 
Curasao aloes has been variously estimated as 
from 10 to 30 p.o. In addition, there is present 
an amorphous aloln {0-barl^do'in), which is 
apparently stereoisomeric with crystalline 
barbaloln, and is formed from the latter by 
heating for three hours to 160°-165°, and partly 
by acetylation (L^ger, Compt. rend. 1914, 158, 
1903). Cape aloes contain 5-6 p.o. of crystalline 
barbaloln and about three times the amount of 
iS-barbaloln (lAgcr, Compt. rend. 1907, 145, 
1179). 

Tschirch and Pedersen (Arch. Pharm. 236, 
200) found in Barbados aloes 12*25 p.c. barbaloln, 
12*65 p.c. resin, 1*75 p.c. ash, 10*5 p.c. amorohous 
constituents soluble in jrater, and 0*15 p.o. 
aloe emodin (which is a fission product of ban^- 
loln, aee below ; its constitution and properties 
are given under Rhubarb). The resin is the 
cinnamato of aloere8inotannolCs2H2404(OH)a(T). 
According to Tutin and Naunton (Pharm. J. 
1914, [iv. J 37, 836) the proportion of aloe efhodin 
is much larger. 

Barbaloln may be readily prepared by 
extracting aloes with two parts of water at 
90°-95® ; the crystals, which separate on 
standing for some days, are recrystallised from 
water,* and finally from alcohol. It forms 
small yellow prismatic needles containing water 
of crystallisation, and when anhydrous, melting 
at about 147^. 

Barbaloln has formed the subject of numerous 
investigations. For a long time its formula was 
considered to be CisHigO? (Tilden, Trans. 
1872, 25, 204; 1875, 28, 1270; Schmidt, 

Ber. 1875, 8, 1275), or CieHj^O; (Groenewold, 
Arch. Pharm. 1890, 228, 115; I/ger, Compt. 
rend. 1897, 125, 185). Aschan (Arch. Pharm. 
1903, 241, 341) and Jowett and Potter (Ohem. 
Soc. Trans. 1905, 87, 878) confirmed one or 
other of these formulie by molecular weight 
determinations, as well as by analysis. Against 
this mass of evidence we must, however, place 
Legeris observation (Compt. rend. 1902, 134, 
1111, 1584), that by the action of sodium 
peroxide on barbaloln, there are formed formic 
acid, aloe-emodin CisHiqOs {aee Rhubarb), 
and an aldopentose C^HioOc* He accordingly 
changed the formula to CsiH^qO^. Later he 
showed (Compt. rend. 1910, 150, 983, 16^ ,* 
1912, 155, 172) that alcoholic hydrogen chloride 
also produces aloe-emodin and the sugar, which 
was confirmed by Oesterle and Riat (Schweiz. 
Woch. Chem. Pharm. 1909, 717). Finally, 
lAger identified the sugar with certainty m 
d-arabinose; he eonsideis that in barbaloln it 
is attached to the aloe-emodin in position 1, and 
in isobarbaloin in position 8 of the anthra- 
quinone; the sugar is, moreover, attached by 
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one of its hydroxyl uroups and not by the 
aldehyde group as in other glucosides. 

Seel and Kelber (Her. 1916, 40, 2364) have 
confirmed Lager’s formula by molecular weight 
determinations (c/. also Seel, Kelber, and Scharf, 
Ber. 1917, 60, 769). 

The only way of reconciling Lt'ger’s results 
with the Oie formula would be to regard barba- 
loin as a reduced authra<][uinono derivative, 
which breaks down by two simultaneous but 
independent reactions to aloe emodin and d- 
arabmose . but it is preferable to attribute the 
earlier analytical results to the diificulty of 
purifying the substance. 

Barbaloln, after several crystallisations from 
alcohol, does not show a sharp meitmg< point 
(146°--160®), 10*4° in ethylacotato (I>ger), 

—S’S** in 90 p.c. alcohol (Jowett and Potter). 

Aloe emodin OisilioOi^, ra.p. 224“, is an 
alcohol, a hydroxymethyl dmydroxyanthra- 
quinone (for constitution and relationship -t, sec 
under Kiiudauu). On oxidation with chromic 
acid barbaloln gives a mixture of aloo-emodin 
and the corresponding acid, rhein (Oestorle and 
Babel, tichweiz. Woch. (’liem, Pharm. 1904, 42, 
320), which mixture was named by Tiideii 
(Chem. Soc. Trans. 1879, 32, 264, 903) alooxan- 
thin. 


Isobarbalotn occurs, according to Lcger, in 
Barbados aloes to the extent of 0 5 p e. ; it 
gives the same hydrolytic products as barbaloiii, 
and the two are tliciefore regarded by Loger as 
sterooisomeric (Compt. rend. 1910, 160, 1696) 
It gives Klunge's reaction {aac above), and i.s 
not present in Socotrino and (‘ape aloes. 

Nitric acid (i) 1*2 at 100 ) oxidises both 
barbaloln and t^obarbaloin to tetianitrualoe- 
emodin 0 nU«O 5 (NOa )4 (Lcger, (Jumpt. rend. 
1910, 161, 1128; 1911, 163. 114), which by 
boiling nitric acid (O 1*32) is conv cited into 
chrysammio acid Ci 4 ll,()j(()H),(N 04 )j. In the 
mo thoi*’ liquor of the tetranitrouloe-eiiiodiii Lcgcr 
found 2:4; O-trinitro-O hydroxy bcnzoie acid, 
which by loss of carbon dioxide yields picric 
acid. In addition to picric and clirysammic acids 
the older observers obtained aloctic acid by 
the action of nitrio acul on aloin ; Ocstcrle and 
Biat (Schweiz. Woch. Chciii. Pharm. 1906, 44, 
609) consider alootio acid to bo triintrualoe- 
omodiu. 

Natal aloes contains about 14 p.c. of ncUaloiiit 
m.p. 203“, crystallised from boiling ethyl or 
methyl alcohol. Among tlie various iormuhe 
assigned to tins substance probably the best 
ostoDlislied is that of Lcger (J. Pharm. Chim. 
1903, [vii. I 17, 13), C| 3 iIgeOto, who regards it as 
the methyl ether of honimuUaloin 
also present in the drug. The latter, and 
probanly aiso^ the former, of these aloins, like 
barbaloln, yield d-arabinoso on hydrolysis 
(Bigger, Compt. rend. 1912, 166, 172), which is 
apparently less s^bly attached than in barba- 
loin to a trihycuroxymethylanthraquinone, 
iuUalo&nodin, orange-red needles, m.p. 220°, and 
its methyl ether. 

Natalocnhodin methyktheff pale orange-yellow 
needles, m.p. 238“, is formed by the oxidation of 
nataloln with sodium peroxide (Li^'gcr, J. Pharm. 
Chim. 1903, [vii.] 17, 13, 52). Nataloin differs 
from barbaloln in its resistance to alkalis, and 
in not yielding chrysammio acid or aloexanthin 
on ozioation with nitrio acid, but only picrio 


and oxalic acids (Shenstone, Chem. Soo. Trans. 
44. 480) : further, in not giving Klunge's and 
Borutraeger's reactions (see below). Both nata- 
loln^ and its lower homologue give a green 
colouration with concentrated suiphurlo acid and 
manganese dioxide or }*otas8ium dichromate, 
and a violet colouration in sodium hydroxide 
solution with ammonium persulphate (l/'ger). 
For a general review of the more recent work 
on the chemistry of the aloins, see Leger, Ann. 
Chim. 1916, lix.1 6, 318-381. 

The resin from Natal aloes yields on hydro- 
lysis p-coumanc acid and nataloresinotannol 

tiicuiom 18 a crystalline substance from aloes 
of Aloe, vulfjarta, native in Sicily. Condb- 
Vissicchio has given it the formula' 
and finds it to contain one metho^y group ; it 
does not fluoresce with borax, and does nut 
give Borntraeger's reaction (below). 

The aloins from Curat, ao, Cape Socotra, 
Uganda, and Jaflerabad aloes are probably 
identical with barbaloin. Zanaluin from Zanzi- 
bar aloes appears to bo dilferent (Ltger, J. 
Pharm. 25, [vi. ] 613 ; Tschirch and llolTbauer, 
Arch. Pharm. 243, 390). The lattc>r chemists 
show that Barbados aloes contain but little 
ttfoaloin, Jafferabad none, whilst that from 
Curacao contains a considerable proportion. 

uses -Chielly in mcdicmo and as a hop- 
substitutc. In doses of 0*l-0*3 gram aloin 
causes purgation lu 8--20 hours, given by the 
mouth or hypodermically. In the latter case, 
it 18 exei'otou in the largo intestme, where it 
firohably is first oxidised to an active substance. 
The u\idation is hastened by iron salts, whence 
the use of I'lbila Aloes d Ferri. Aloes is the 
basis of most ‘ patent ’ pills. 

V^aiioiis pioposals have been made for con- 
verting aloin into (insoluble and) tasteless loin- 
pounds, e.(j by condensation with formaldehyde 
in diluU,^ sulphuric acid solution (‘ formaioln ' of 
U. Merck), With carbonyl chloride or ethyl 
chlorucai bonate in pyridine solution (Ger. Pat. 
229191), or with a mixture of formic and acetio 
acids by means of zino chloride (Ger. Pat. 
233326). 

PropeUies ard lltuctwne, — Pure aloes is 
soluble lu ether and almost completely soluble 
ill water, the solution being coloured dark- brown 
by alkalis, black by ferric chloride, and grey by 
lead acetate (Flucugcr). By adding a solution 
of copper sulphate or chloride to a solution of 
aloes, an intense yellow -coloured solution is 
obtained, winch, warmed with potassium 
bromide or chloride, turns to a deep-red and 
reddish- violet tint (Kiunge, Ber. 16, 691 ; Arch 
Pharm. 1883, 363). Tins reaction is due to iau- 
barbaloln, for barbalotq, rccrystallised several 
times from methyl alcohol, does not give the 
tost (Leger, Compt. rend. 131, 66).^ Borntraegcr 
(Zeitsch. anal. Chem. 10, 1(16 ; Iror. 13, 1(^0) 
extracts with twice the volume of benzene, and 
adds to the clear extract a drop of ammonia, 
when, on warming and shaking, the solution 
becomes vioiet-ied ; to test for aloes in elixirs, 
liqueurs, Ao., the alcohol is first evaporated. 
This is a general reaction for hydroxymethyl 
anthraquinones. Lenz (Zeitsch. anal. Chem. 21, 
220) extracts with amyl alcohol, evaporates 
the extract, treats with nitrio acid, and then 
with potasaium cyanide and hydroxide, when a 
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blood-red oolooration is obtained. Crippa and 
Dymond (Pharm. J. [3] 15, 633) test for alom 
bv dissolving 1 grain in 16 drops of strong sul- 
phurio acid, then adding 4 dro^ of nitrio acid 
(1*42) and 1 ounce of water, when a deep orange 
or orimson colour is produced, deepened by 
ammonia; substances oontainhig chrysophanio 
acid behave in a similar manner, but their 
aqueous solution turns pink upon the addition 
oi ammonia. Aacban (Arch. Pharoi. 241, 340) 
gives in tabular form a cotiipariaon of the 
reactions of the chief varieties ot aloes. The 
behaviour towards uiino acid and huoresconco 
with borax are mentioned above. 

Curasao aloes should be almost entirely 
soluble in 00 p c. alcohol, and contam not more 
than 3 p.c. of a.<fh, 12 p.o. of moisture, and 
30 p.c. of substances insoluble m cold waU^r. 
Ca{)e aloes should dissolve almost completely 
in 12 parts of boiling water, and compleUdy in 
6 parts of warm DO p.c. alcoliol. The moisture 
should not exceed 5 p.c., the asli 1 5 p.o. At 
least 60 p.c. is soluble in cold water. According 
to the U.tS.P. the ash of aloes docs not exceed 
4 p.o. 

A process tor the estimation ot alom in 
aloes has been described by IScluudcr (J. Pharni. 
[vi.] 5, 206), and lor tlte non -resinous consti- 
tuents by Tschirch and llolfbauer (Arch. 
Pharm. 1(K)5, 243, 300). The latter process has 
been modihcd and used by van Itallic (Pharm 
Weekblad. 1005, 42, 553) for the evaluation of 
aloes, but in the nature of things these processes 
are not very accurate. 0. B. 

ALOES, ESSENTIAL OIL OF. A pale-yellow 
mobile liquid to which tho odour of aloes is due. 
Sp.gr. 0*863, boils at 266“-271°. It exists m 
small quantities in aloes, and wlieii pure bus tho 
taste and odour of peppermint (Pharm. J. 
[3] 10, 613). 

ALOES WOOD. A name applied to tho wood 
of Aquillana Agallvcha (Koxb.), a leguminous 
tree of Cochin China, and to that of A, malac- 
cmsis (Lam.) of tropical Asia. Both are highly 
fragrant and aromatic ; used in fumigations 
and pastilles, and occasionally by cabmet- 
makers and inlayers. 

The same name is applied to tho resin. Of 
all perfumes this is said to be tho most esteemed 
by Orientals. 

ALOIN V . Glucosidkm. 

ALOO BOKHARA, ALPOGADA, PAZHAM. 
The Bokhara plum {Prunutt insitilia (I.inii ) \P. 
hokharieiisis\ largely imported into Bombay. 
Used as a laxative. Tho root is astringent ; the 
gum 18 used os a substitute for gum arabic under 
the name of Persian gum (Dyinock, Pharm. J. 
[3] 9, 145). 

ALOUCHI RESIN v. Aluchi resin, art. Kesin. 

ALPHOGEN (Alphozone). Trade names for 
Buooinyl peroxide. 

ALPHOL v. Synthetic dauos. 

ALPINIA OFFICINARUM v. Galanoa boot. 

ALPINIA OIL. An essential oil obtained 
from the leaves of Alpinia malaccensis ; sp.gr. 
1*02 at 26^ rot. power +6 '5^. Consists maimy 
of methyl cinnamate, together with d-pinene 
(Van Bombnigh, Proc. K. Acad. Wetensch. 
Amsterdam, 1900, 3, 451). 

ALPININ V . Qalanoa boot. 

XlPOOADA V. AlOO BOKHARA. 

ALQUUON. Black lead ore or Potters’ ore. 


A native lead sulphide, used by potters to glaze 
ooarso ware. 

ALSOL V. Symthbtio dbuos. 

AIBTONIA BARK. The dried bark of 
Alstonia scholaris (R. Br) and A. conririefu 
(F. Muell.), an apocynaoeous tree growing in 
Australia. It has a bitter taste, slttlitly 
eamphoroua odour, contains a neutral bitter 
principle (similar to ca I / e e d f » n and I u f u c tt m > n ), 
a volatile oil smelling like camphor, an iroiu 
greening tannin, resin, fat, wax, a protein-like 
substance, oxalio and citric acids (Palm, J. 
1863, 615). 

Muller and Ruinmcl (Chem. Soo. Trans. 35, 
31) obtained a yellow substance to which they 

S ave tho name aUiuntne. Oberliu and Sohlag- 
enhaulTcn (Pharm. J. [3] 10, 1059; Chem. 
Soo. Abstr. 38, 127) showotf that this body 
consisted of two compounds, alslonijie ana 
alstonicine, tho former being soluble in acids 
With fluorescence, tho latter without. 

Hesso subsequently (Ber. 14, 264 ; Annalen, 
205, 360) isolated : 

Alstontne (chlorogonino) CioH^iNiO^, a brown 
amorphous mass, a strong base, soluble in cliloro- 
torm, alcohol, and sparingly soluble in other, 
and melting when aiibydroiis at 195*’ (uncorr.). 

Porphynm ('siliasNiOs* a white powder 
melting at 97*’ (uncorr.), soluble in oloohol, chlo- 
roform, ether, and aciilu, with blue iluorosoonue. 

Porphf/iosinv, soluble m acetic acid, forming 
a pink soiulion. 

AUtonidine, colouilcss needles, melting at 
181° (unoorr.), soluble in chloroform, ether, 
alcohol, and acetone. 

Hesso, however, could not find a trace of 
quinine (Ber. 11, 1510, 1753). 

ALSTONIA SPECTABILIS. PovUhark. Con- 
tains ulstommine (Hesse, Ber. 11, 1548), and 
the alkaloids of dita bark. It contains six 
times os much ocbitammoiiium hydroxide as 
dita bark (Hesso, Annalen, 203, 144). * 

Its physioWical action is like that of curare. 
ALSTONINC One of a series of ill-doiinod 
alkaloids occurring in Alstonia spp. (Hesse, 
Annalen, 1880, 203, 147 ; 205, 300), including 
alsionarnine, alstonidine, dilaine, ditamine, Ao. 

ALSTONITE. A rare mineral consisting of 
barium and calcium carbonate (Ba,Ca)C 04 , 
crystallising in tho orthorhombio sysCom. The 
small crystals have tho form of acute six-sided 
jiyramids, and consist of complex twin inter- 
growths. Found, associated with withcrito, in 
1834 in a lead- and zinc-mine near Alston in 
(JumberlamJ, and at Fallowfield m Northumber- 
land ; and in 1009 in a coal-mine near Durham. 
This species is often, but incorrectly, called 
bromlitc (c/. BARy iocALCiTE). L. J. 8. 

ALTHEIN. Sts Anthocyanins. The term 
AUhein is used also as syn. for Asparagin. 

ALTI. Indian name for a root used at Goa 
as a substitute for Althu a (Dymock, Pharm. J. 
[3J 8, 101). 

ALUDEL. The aludels of the earlier chemists 
won> pear-shaped pots generally made of earthen- 
ware, but sometimes of glass, open at both ends. 
Each aiudel had a short neck at tho top and 
bottom, so that a series of them could be fitted 
together by moans of the necks. The earthen- 
ware pear-shaped vessels in which the mercurial 
vapours are condensed at Almaden in Spain are 
also known as aludels. 
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ALUM «. Al^UMlNXlTM. 

ALUMINATES v. Aluminium. 

ALUMINIUM. Bym. Al. At. wt. 27 1. 

Oceurrence,— Aluminium ia the most widmy 
distributed element in nature with the exception 
of oJ^gen and silicon. It is not found in the 
metaUic state. 

As oxide. ALOj. aluminium is found in eo- 
rundwn, or. coloured by metallic oxides, in 
f mipphire, ruby, emery, Ac. The hydrated 
oxide AlaO,.UsO occurs as diaspore, and. to> 
gether with ferric oxide, silica. &c.» as the 
important mineral bauxite. 

Aluminium occurs in combination with 
oxygen and metals as aluminates, in smnel 
AigOt'MgO, chrysoberyl Al,Oa'lic(). gahnite 
AlgOs'ZnO. Asjiydrat^ sulphate it is found in 
aluminite or webaterite ALOaSOgjOHijO, and as 
(dunogen Ala0a(S()a)a.l8H|0 ; as the double 
sulphate of aluminium, potassium, and sodium 
in e^matone or aluniie ; and. as an efflorescence 
on aluminous minerals in the form of the alums 
of potassium, Hodium, ammonium. Ac. 

Aluminium occurs principally, however, us 
sUioato in the various ctaya ; as silicalo contain- 
ing sUioon fluoride in iha topaz \ and. as double 
silicate, with iron, magnesia, lime. Ac., in 
garneta ,* with potassium, sodium, magnesium, 
and calcium in immense quantities in the 
varieties of kUpar. 

As double fluoride of aluminium and sodium 
it is found in cryolite AlgFa'dNaU*; as hydrated 
phosphate in the turquoise and in waveliite, and 
as borate in a crystalline mineral occurring in 
Siberia. 

Although present in such quantities m the 
soil, aluminium is not usually considered a 
constituent of the ash of plants except of cryp 
togams ; Yoshida. however (Chom. Soo. Trans. 
1887, 74^. has found it ia a number of phanero- 
gams in Japan. 

Hiatory , — ^Tho name of this metal is derived 
from alumen, a term applied by the Komans lo 
ail bodies of an astringent taste. Pott. In i7*l(i. 
stated that the basis of alum is an argilluK^ous 
earth ; and in 1754 Marggrof pointed out the 
distinction between aluiiima and lime, and its 
prosonco in combination with silica in clay. 

Davy, in 1807, having isolated the alkali 
metals by oloctrioity, endeavoured, unsuccess- 
fully. to reduce alumina in the same manner. 

Oersted, in 1824, prepared aluminium chloride 
by passing chlorine over a mixture of alumina 
and carbon heated to redness. He appears to 
have reduced the ohlorido to the metaUio oondi- 
tion by heating with potassium amalgam : 
(Berzelius, Jahre%. 1827, [6J 118). The amiugam 
produced oxidised rapidly in the air, and left, on 
volatilising the potassium, a tin-white metal. 

Wohler, in 1827 (Annalen, 1828. 37, 60). 
having failed to pi^uie the metal by Oersted’s 
method, obtainecl it by the decomposition of the 
anhydrous oliloride with potassium, as a grey 
iiowdor. which became brilliant under the 
Durnisher. 

Bunsen and Beville, in 1854, independently, 
obtained the metal by eleotrolysis of the fusM 
chloride. Peville, in the same year, much sim- 

K the manufaotiire by aubstitutiug sodium 
le more expensive potassium, in 1854 
he was installed in the manufactory of Javel 
by the Emperor Napoleon HI., and supplied 


with the necessary apparatus for experiments 
on the large scale! Afterwards his process wsj 
removed to Nanterre and finally to Salindres. 
A description of his method is given in Ann. 
Chenou Pays. [3] 43. 5-36. and specimens of the 
metal producra were shown at the Paris Exhibi- 
tion of 1865. 

Shortly after the publication of these results. 
Messrs. Dick and Smith, under the direction of 
Dr. Percy, prepared aluminium by the action of 
sodium on the then newly discovered nuneral 
erydtte, some of the product being shown by 
Faraday at the Royal Institution in March, 1855 
(PhU. Mag. 10. 366). 

About six months subsequently. Bose, inde- 
pendently. prepared it in the same manner, and 
published his results in an extended article in 
P. 96, 162 (Phil. Mag. 10, 233). - 

Dovillc at once turned his attention to this 
process (Ann. Chim. Pbys. [3] 46, 451) ; but on 
account of the impurity of the metal produced, 
he preferred the double chloride of aluminium 
and sodium, using cryolite as a flux only. 

The first manufactory in England was started 
at Battersea, London, in 1869, by F. W. Gerhard. 
Some of his metal was shown at the Society of 
Arts Exhibition in 1860, Messrs. Bell, of New- 
oastlo, also prepared aluminium and aluminium 
bronze in 1863, using Netto’s process. A mixture 
of 200 lbs. of cryolite and an equal weight of 
common salt was brought to fusion, and 4Q lbs. 
of sodium gradually added. The charge thus 
oontained only 6 p.o. of aluminium, but less than 
half of this was obtained in the yield. 

The manufacture ceased in 1874. In 
Grahau’s process (J. Soc. Chera. Ind. 1891, 
433) aluminium fluoride was subjected to the 
action of motallio sodium. Other modifica- 
tions were proposed from time to time, but 
the production of aluminium made no notable 
advance. Weldon, in 1883, summed up the 
position of the industry in the statement that 
^the only method known for the manufacture 
of aluminium is Devillo’s. M. Pcchinoy has 
improved and cheapened the modes of working, 
and the appliances for carrying that method into 
uileot, but this is all the progress which has been 
made in the manufacture of aluminium during 
the last five and twenty years.' 

When the groat stability of the available 
compounds containing aluminium is oonsidered, 
it is not to be wondered at that the many attempts 
that have been made to prepare the metal by the 
action of the usual reducing agents, such as 
oarboii, hydrogen, or hydrocarbons, have met 
with BO little success. The heat of formation 
of these compounds is an index to their stability, 
and may bo taken as a measure of the energy 
requisite for the isolation of the aluminium, 
'i'he operation is not likely to succeed unless 
the elomonts which become separated from the 
aluminium enter into new combinations of still 
greater stability. The nature of the changes 
that might be expected to take place may be 
expressM in the following equations 
2A1,0, + 30 « 4A1 + 3CO, 

or A1,0, + 30 « 2A1 + 3CO 

A1,0, + 6H « 2A1 + 3H,0 
A1,0» + 6Na «« 2A1 + 3Na.O 

Ai,a, + 6 H «« 2A1 + and 

Al.a« + 6Na » 2A1 + fiNaQ 
; Al,F« + 6Na » 2A] + 6NaF. 
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In Older that there may be a lU^lhood of 
these reactions oooorriDg, the heat arising fkom 
the formation of the compounds on the light 
hand should exceed the heat oonoemed in the 
decomposition of the aluminium compounds on 
the left, liie following table will show how far 
this is the case ; — 



Calories 


For amount 
equivalent 
to2Al 

A1.0. 

391,600 

ICO, 

SCO 

3H,0 

3Na,0 

cud 

ONaa 

146,500 

86,400 

174,900 

302,700 

Ai,a, 

323,600 

132,000 

687,400 

A1,F, 

to,ooo 

6NaF 

604,200 


It will be seen that only the last tw'o reactions 
will be at all likely to take place, and these heat 
values indicate that sodium is a much more 
favourable reagent than carbon or hydrogen, 
and that the highest excess of heat evolved over 
that absorbed occurs in the case of the aluminium 
chloride in presence of sodium. 

The following analyses, taken from Hoff- 
mann's Ber. Entwick. Chem. Ind. (1) 603, show 
the composition of commercial aluminium as 
produced under Devillc’a process: — 


Moiman has shown fCompt. rend. 121, 851) 
that it oontained also mm 0‘1 to 0*5 p.o. of 
sodium; 0*3 to 0*4 p.o. of oarhon ana other 
impuritieB. These impurities would have a veiv 
considerable effect on wo propertiee of the metal, 
and statements based on observations with 
each metal, or even metal now being made, 
must be accepted with due regard to those 
impurities. 

The production oven in 1885 was small and 
did not exceed 2| tons at Salindres and 2^ owt. 
in the United States. 

According to ^yillet, pure aluminium may 
be preimred by the metnod adopted by him 
in his determination of the atomic weight of 
that element (Phil. Trans. 171, 1018). Orainary 
commercial aluminium is convoited into bromide 
by the direct action of bromine. On account 
of the violence of the action, the metal should 
bo immersed only for a short time, at intervals, 
until dissolved, or should be added in very 
small pieces. The bromide so produced is freed 
from uromine by distillation and fractionally 
distilled, that portion boiling uniformly at 
263*3* being reserved. This portion is colour- 
less, entirely soluble in water, and consists of 
the pure bromide. 

It is heated with sodium (which has been 
carefully freed from oil end well scraped) in a 
cnieiblo made of e mixture of pure alumina and 
sodium aluminatc. The amount of sodium 
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used shou'd noi be sufficient to reduce the 
whole of the bromide, or the niuniinium is 
liable to contain sodium. The globules of 
metal are fused together before the tjlowpipe 
on a bed of alumina, immersed for a short time 
in hydrochloric acid, washed and dried. Pure 
aluminium might also be produced by the elec- 
trolysis -of the pure bromide or chloride. 

The purification from metallic impurities on 
the large scale involves many difficulties. The 
only method of obtaining satisfactory metal is 
to ensure as high a state of purity as possible 
in the 6rst instance by making use of selected 
materials and avoiding contamination in the 
process of manufacture. 

By the establishment of Deville's process 
the price of aluminium had been brought down 
from 18f. per lb. to H., at w'hich it stood till 
1887. 

The double chloride of sodium and aluminium 
used contained only 14 p.c. of aluminium, and 
the working of large charges with a small yield 
together with the high cost of sodium and fuel 
stood in the way of any prospect of reduction 
in the price of the metal. 

The introduction of Costner's process, by 
which sodium could bo produced mnoh more 


cheaply, Jed to the establishment of the Alu- 
minium Company's works at Oldbury, and 
etTected some reduction in the price of alu- 
minium. Meanwhile Messrs. (Dowles (Patenls 
Aug. 18, 1885, and Jan. 26, 1886) brought 
electrical heating into operation, and, though 
their process was not adapted to the production 
of aluminium, it was capable of famishing allovs 
of aluminium with copper and other metals. 
I'hcse could bo made at one-tenth the price 
W'hich had ruled for aluminium, and the valuable 
properties of aluminium bronze, Hercules metal, 
and other alloys were soon recognised. More- 
over, the discovery of the effect of the addition 
of minute amounts of aluminium to iron and 
steel gave a further stimulus to the production 
of aluminium. C. W. Siemens had already 
described an electric furnace (1881) capable of 
giving very high temperatures, and the type of 
furnace patented by Messrs Cowles Bros, was 
based on similar lines. 

The furnace is a rectangular box, one foot 
I wide, five feet long, and fifteen inches deep, all 
1 inside measures. Two carbon electrodes pass 
! through pipes in the ends ; they are three inches 
in diameter and thirty inches long ; this size 
'oonld not be exceedea, as larger carbons dis- 
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intograted andar the intense heat. For a non* 
oon&oting fomace lining, fine particles of 
charcoal are washed in lime-water, exposed to 
the air and dried. They thus become coated 
with lime and are of good insulating power. 
At the high temperature produced, ordinary 
charcoal becomes converted into graphite and 
forms a good conductor. The two electrodes 
being within a few inches of one another, the 
hhargo of twenty-five parts of corundum, twelve 
parts of carbon, and fifty parts of granulated 
copper is placed around and between them, 
covered with small lumps of^ charcoal, and the 
whole covered with an iron top lined with fire- 
brick. The current from a powerful dynamo is 
then passed, and the electrodes moved if 
necessary to produce the requisite resistance. 
In about ten minutes, the copper having molted 
between the electrodes, the distance hetw'een 
them is increased while the current is raised t-o 
300 amperes of fifty volts E.M.F. and the 
yield 1 lb. per £.P.]i. hour. As the resistance is 
increased, the temperature rises, the alumina 
is reduced to the metallic condition and 
alloys with the copper, while its oxygen forms 
carbon monoxide and burns at the openings 
in the cover with a white fiame. After 
about five hours the operation is completed 
The alloy produced is brittle, consisting of 
copper and 16 p.o. or upwards of aluminium, 
when boron or silicon oxides have been added, 
the bronzes produced contain those elements. 
It is molted, oast into ingots, the peroontago of 
aluminium determined, and sufficient copper 
added to produce * aluminium bronre,* or the 
required alloy. 

When other metals, such as iron, nickel, 
silver, &o., are substituted for copper, corre- 
sponding alloys are produced. 

The slag produced is hard and compact, but 
soon falls to a fine alkaline powder ; it contains 
alumina, calcium aluminate, with traces of 
copper, silicon, &o. 

l^ire aluminium cannot bo produced satis- 
factorily by this method, as it remains, to a great 
extent, mingled with the carbon. 

See further, W. P. Thompson (J. Soc. rhem. 
Ind. 1886, 206) ; Mabcry (Amor. J, Sci. 308, 
and Amer. Chem. J. 1887, 11). 

The Electrical Process . — A new principle was, 
however, introduced into metallurgy, and the 
application of electricity for purposes of heating 
and reduction of metals has made rapid pro- 
cess in recent years. Its full development 
had not, however, been reached in the pro- 
cess just desoribed. It had been shown that, 
though the fusion of a substance like alumina 
oould not bo economically effected owing to its 
liigh resistance, the addition of copper and other 
metals enabled the furnace charge to conduct 
the current. If a suitable solvent could be 
found for alumina then the electrolytic action 
of the current could bo brought into play. 
When this was accomplished the chemical 
method of decomposition would give place to 
the electrolytic method, and the isolation of 
aluminium become a question of a suffieiont 
current at the necessary voltage. This voltage 
can readily be oaloulated from die heat of forma- 
tion of the compound in question by dividing 
the number of ciuorios per equivalent by 23,260. i 
We thus obtain for alumina 2*81 volts, for I 


alnmfnhim ebloride S*32 Toltf, for alniniiiiam 
flnoride 4*00 volts, for aluminium sulphide 0*9 
volt.! 

A suitable solvent is found in native ciyolite 
SNaF'AlFg, which may be brought to fusion 
below 1000**, and will dissolve 16 to 20 p.c. of 
its weight of alumina, and in this oonmtion, 
also owing to high temperature, the voltage is 
lower — in the case of alumina about 2*3 volts. 

In the year 1886 the Heroult prooem was 
patented and soon came into use at NeuKausen, 
and at the Soci(5t<f Electromt^tallurgique at 
Froges, near Grenoble. In this process the 
anodes consisted of carbon and the cathode 
was the carbon lining of the furnace, the distance 
between the anode and cathode being capable 
of adjustment by rai.sing or lowering the anode. 
The cryolite was first melted in Uie bath by 
utilising the heat generated by the resistance 
to the electric current, and then alumina was 
added, and the additions continued from time 
to time as the bath became exhausted. The 
metallic aluminium settled at the bottom of the 
bath in the neighbourhood of the cathode, and 
was tapped every 24 hours. 

The purity of the metal at first was 97-90 
p.c. There were at disposal 360 kilowatts at 
Froges, and just over -1000 kilowatts at Neu- 
hauBcn (J. Soc. Chem. Ind. 1892, 910) ; the 
yield usually obtained was about 1^ lbs. of 
aluminium per kilowatt-day, an efficienoy of loss 
than 26 p.c. To-day ^ p.o. efficienoy is 
reached. 

The Hall process, brought out in the United 
States about the same time, only differed from 
Hdroult's in mattery of detail, the anodes being 
rods of carbon 3 inches in diameter, or of larger 
dimensions in sections banded together, the 
electrolyte being alumina dissolved in mixed 
fluorides of calcium and aluminium or AlF,*NaF. 

Minct (Compt. rend. 112, 231) used a bath 
composed of 62*5 p.c. of common salt and 37*5 
p.c. of cryolite, but his metal seems to have 
contained 2 to 3 p.c. of impurity, which was 
chiefly silicon, owing largely to the impurity of 
I the alumina used by him. Aluminium so pre- 
' pared was liable to contain sodium, owing to 
' the fact that the voltage necessary for the 
decomposition of aluminium fluoride differed so 
little from that required to decompose sodium 
lluoride — viz. 4*7 as against 4. 

There was added to the bath as the operation 
proceeded, a mixture of hydrated alumina, cry- 
olite, and alumina dissolved in cryolite. 

Kleiner invented a furnace for the decomposi- 
tion of cryolite, and carried on the production 
of aluminium at Tyldesley in Ijancashire; a 
plant was also operated on the lines of the 
Hdroult system at Patricroft near Manchester. 

In this case the dynamos were run by steam 
, power, and it soon became manifest that this 
could not compote with advanta^ous supplies 
i of water power which began to be called into 
requisition wherever such power was available. 

Mention should also be made of the method of 
Buchcrer, D. R. P. 63996 (1892), who prepared 
aluminium by deotrolysing the double sulphide 
of aluminium and an alkali or alkaline earth, 
the chief obstacle to success being the expense 
and difficulty attending the production of the 
sulphide. 

It soon became evident that the Hall ana 
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Hdroalt proo688 must bold the field, and that 
coal oonld not oomi)ete with cheap water power 
in this industry, and ^id e^ansions of a the, 
industry were made. The price had by 1891 
been brought down to one-mth of that wliich 
had ruled under Deville's process, and the 
production had increased to over 300 tons per 
annum. The acoompan^dng statement is the 
cost of production at this x)eriod, as given by 
A. E. Hunt (Eng. and Minihg Joum. 1891, 280). 
For 1 lb. of aluminium there was requisite 
2 Iba alumina costing 6 cents 

1 lb. carbon electrode „ 2 „ 

Chemicals, pots, &o. „ 1 „ 

22 E.H.P one hour „ 0 „ 

Labour, interest, repairs „ 5 „ 

making 19 cents in all. 

The following firms were at this period 
manufacturing either aluminium or its alloys: — 
In England — 

Cowles Syndicate (Cowles process). 

Reduction S^dioate (Hall process). 

In the United States — 

Pittsbu^ Reduction Company. 

Cowles Electric Smelting Company. 

United States Aluminium Mehal Co. 

On the Continent — 

Soci6t4 Elcctrom^tallurgique at From. 

Aluminium Industrie Actien'Gesellschaft 
at Neuhausen. 

Further progress was mainly in the direction 
of increasing the yield and bringing down the 
cost of production whilst perfecting the various 
details of the process so that a purer product 
could be made. 

We shall now describe the further development 
of the industry and the manufacture as it stands 
to-day after over 20 years of experience ; and in 
doing so it will be well to consider in greater 
detau (a) the production of alumina, (5) the 
making of the carbon electrodes, (c) the nature 
and arrangement of plant, including the reduc- 
tion furnaces. 

Development of the Ahiminivm Inditstn/ - 
The first factory establislied on electrical linen j 
was that started in 1888, at New Kensington, 
by the Pittsburg Company, which is now known 
as the Aluminium Oimpany of America, and 
conducts operations at tiie Niagara Falls, the 
Kliawinigan Falls, and at Massena. 

Amongst the pioneers of tho industry were 
also (1) Aluminium Industrie Aktien-Goscllschaft, 
who control works at Neuhausen, Rheinfeldcn, 
and Lend Gastein ; (2) the British Aluminium 
(Company, with reduction works operating in 
1896 at Foyers and now at Kinlochloven (Argyll- 
shire), and branch works at Lame, Burntisland, 
Warrington and Milton (Staffordshire), — this 
company is also associated with reduction works 
at Stangfiord and Vigelands Brug (Norway), 
and projected works at Orsicres (Switzerland) ; 
(3) Soci^td Elcctrom^tallurgique Fran 9 aise at 
Froges, La Praz, and St. Michael, anrl the 
Cie. des Produits Cbimiques d’Alais et de la 
Carmargue. 

There were formerly works on a smaller 
scale under the Aluminium Corporation at 
Wallsend, now in operation at Dolgarrog (N. 
Wales), and developments in Italy at Bussi. 
The cost of production of the metal to-day is 
said to be 6lf. per ton as a minimum, th(^n at 
most works it would reach 80Z. (Mining World, 


Jane 26, 1909). For the past five years ooste 
have bera much higher. 

The market price of aluminium ingots in 
1002-4 was 120f. per ton, but it rose to 2001. in 
1006, and has since then fallen to 66/. (1909), 
though it is now again advancing. Since 1902 
no trustworthy record has been made of the 
world*s output of aluminium. It remained, 
however, fairly stationary in the neighbourhood 
of 8000 tons from 1900 to 1005 induaive, and 
since then has grown steadily, and may be 
estimated for 1909 at 30,0(K) tons. In the 
United States (loologioal Survey publications 
(Metallic Products) for 1908 there may be found 
the estimated consumption of metal in the United 
States, from which it appears that in 1907 this 
amounted to nearly 7700 tons, mnd in 1008 to 
nearly 6000 tons. 

The following is a statement of tho produc- 
tion of aluminium in metric tons from 1889 to 
1913, (a) in tho United States and Canada, {b) 


total output : — 

a 

h 

1880 . 

22 . 

93 

1890 . 

28 . 

193 

1891 . 

68 . 

302 

1892 . 

118 . 

505 

1893 . 

164 . 

870 

1894 . 

260 . 

. 1491 

1895 . 

417 . 

. 1835 

1896 . 

501 . 

2250 

1807 . 

1814 . 

. 5220 

1808 . 

2369 . 

. TigGO 

1809 . 

2948 . 

. 8950 

1910 . 

17400 . 

. 43S00 

1911 . 

20600 . 

. 45000 

1912 . 

29200 . 

. 63000 

1913 . 

32300 . 

. 68000 


During the period of tho war, 1914 to 1918, 
j tho data availnblo an* incomplete and hardly to 
bo depended upon. Considorably increased 
outputs are, however, recorded. In 1917 there 
app(>ar to have been about 79,600 tons manu- 
factured in the United States and Canada with 

168.000 toms os total output. Franco in that 
year ])roduced about 20,500 tons ; Germany, who 
in 1913 produced only 800 tons, put down 
during the war largo instalments of plant 
suHicing for 40,000 tons ; the British production 
was 13,000 tons and that of tin* other European 
oountrios 15,000 tons. Switzerland is stated to 
have exported nearly 10,000 tons per annum 
into Germany. Norway made large extensions 
in reduction works which did not become 
effective owing to lack of raw materials. In 
other directions her efforts in electrochemical 
dcvclofimcnts have been such as to oommand 

126.000 kilowatts in 1917 as compared with 
0000 kilovtatts in 1904. 

The ProdvxiUm of Alumina. — The raw 
material from which tho alumina is usilally 
made is bauxite, deposits of which occur at 
Beaux and in the Var (8. France), at Feistritz 
(Austria), Wochein (Styria), Irish Hill (Ireland), 
Georgia, Arkansas, Alabama, Tennessee (United 
States), British Guiana, and in New Soutli 
Wales. Tho physical condition of the bauxite 
varies considerably, so that some kinds are 
more readily actea upon for the production of 
alomina than others. In the aluminium industry 
a low content of iron and silica is dcfdrc|dt 



160 ALUMmiUlL 

espedftllir thb latter ; it If therefore nenally | maanfactore of eolpbate of ahnnina. The 
found advantageous to employ the red bauzitee, I following table gives the eompoaition of typical 
the white bauxites being used preferably in the I samj les : — 


Locality . 

Beaux 

1 Var 

Woebefn 

Feistrlta 

Irish 

Georgia 




Bed 

White 

Bark 

coloured 

Light 

coloured 


YeUow 

White 

Baw 


A1,0, . 
FejO, . 
SiOj 

H,(5 . 

TiO, . 

60 

25 

3 

12 

75 

12 

1 

12 

50-62 

24-28 

1-7 

12-13 

0*1-4 

65-74 

0*3-3 

12-18 

14 

63*16 

23*55 

415 

8*34 

trace 

72*87 

13*49 

4*25 

8*60 

trace 

44*4 

30*3 

15*0 

9*7 

54*1 

10*4 

12*0 

21*9 

64*6 

2*0 

7*5 

24*7 

35*0 

38*0 

3*5 

21*5 

2*0 

60*5 

1*9 

3*3 

32*1 

2*2 


The following, analyses by T^eop. Mayer and O. Wagner (Dingl. poly. J. 248, 213) show that 
the appearance of bauxite cannot bo relied on as a criterion of its value. The origin of the 
samples is not given : — 



Appearance 

Hygroscoplo 

moisture 

Combined 

water 

AI2O3 

Fe203 

SiOa 

MnOa 

CaO 

MgO 

PaOs 

1 

Pure white 

2*33 

1.3*80 

29 80 

3*67 

44*76 


2-75 

0-84 

1*47 

2 

Yellow . 

103 

27*86 

43*22 

14*39 

10*43 

— 

1-61 

— 

1*13 

3 


1-30 

27*70 

50*38 

11*68 

8*34 

trace 

trace 

trace 

0*61 

4 

Rod • 

1*34 

23*12 

33-86 1 

25*69 

12-41 

2-42 

trace 

— 

0*63 

5 

Pi • • 

1*31 

23*81 

46*18 

22*05 

4-82 

— 

0-89 

— 

0*66 

0 

9f • • 

0*9r. 

20*83 

62*10 

6*11 

5*06 

2*01 

3*20 

trace 

trace 

7 

IP • • 

M7 

4*76 

21*80 

3*76 

60-10 

— 

6*06 

2*49 

trace 


The amount of bauxite mined in 1007 was 
200,000 tons, three>fiftli8 of which was produced 
in Franco. In 1913 the prodiK tion was 533,000 
tons distributed as follows: United States 210,000, 
France 3^.0,000, (Ireat Britain 0000, other 
countries KOOO. During the period lOH-lOlK 
no rcliabb' returns are available, but it is certain 
that the output was much larger. That for the 
United States alone was 569,400 tons in 1917, 
and British production 15,000 tons. New do- 
]io8its were opened up in Dalmatia and Hungai'y, 
the latter country contributing 59,000 tons in 
1915. Increased production of aluminium and 
aluminium salts account for 457,000 tons. The 
more recent applications of bauxite to the pro- 
duction of olundum, abrasives and refractory 
materials for bricks and fumooe linings took up 
112,400 tons. 

For the manufacture of the purest form of 
alumina the bauxite is first roughly powdered 
and calcined to get rid of water and any organic 
matters. It is then more finely ground and 
introduced gradually with agitation into kiers 
containing caustic soda solution of 1*45 sp.gr. 
The kiers are now closed and the charge heated 
for some hours under high-pressure steam — 
about 70-80 lbs. The contents of the kiers 
are then transferred to the filter presses, and 
the filtrate further cleared through wood pulp 
in lead-lined vats. The liquor contains sodium 
aluminate NaAlO^, which ma^r be decomposed 
by passing carbon dioxide into it, but it is now 
more usual to adopt the Bayer method of pre- 
cipitating the alumina. This method depends 
oc the fact that the addition of alumina effects 
the decomposition of the aluminate and throws 
down some 70 p.c. of the alumina. The dis- 
solved liquor now contains alumina and soda 
in the proportion Al^Os : Na|0 : : 1 : 6. The 


precipitated hydrate of alumina is allowed to 
settle, and the liquor with its undecomposed 
portion is run off into woak-liqiior tanks. The 
hydrate is filter-pressed, sufficent being left in 
the vat to serve as precipitant for the next 
charge. The weak liquor may, after concentra- 
tion, be used over again for reacting upon a 
further amount of bauxite. 

The press cake containing the impurities 
removed in the treatment of bauxite con- 
stitutes usually over .30 p.c. of the bauxite, 
whether the wet process of extraction or the 
dry fusion process with sodium carbonate be 
used. Tn the latter case, the residue has been 
successfully applied in the removal of sul- 
phuretted hydrogen from coal— or from exit 
gases of other products. The residue from the 
wet process is, nowever, inactive in this respect, 
but may bo transformed into a condition in 
which it is very effective. 

The hydrate of alumina so obtained ought to- 
contain loss than 0*5 p.c. of mineral impurity, 
iron and silicon being the more objectionable 
impurities. To bring it into a suitable physical 
condition for use in the reduction furnaces it 
must bo calcined at 1100®-1200°, so that it 
shows no tendency to give up moisture when 
used in the furnace or to abso^ moi.sture when 
exposed to air. 

The alumina of to-day is superior to that of 
twenty years ago, and the cost of production 
loss than one-half. It constitutes, however, 
about one-fifth of the whole cost of manufacture 
of aluminium, and many processes have been 
brought forward with a view to improve or 
cheapen the product. Of these may be men- 
tioned the patents of Peniakoff (Eng. Pat. 
Nov. 19, 1895, Mar. 18 and May 13, 1890, Ac.). 
Endeavours have been made to obtain alumina 
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of sufficient purity from bauxite, clay, felspar, 
or kaolin by electrically heating them with iron 
(or its oxide), carbon and ci^olite, thus lepa- 
rating ferrosilicon from alumina ; Moldenhauer 
(J. Soo. Chem. Ind. 1009, 148), Siiiding-Larsen 
(ibid. 1008, 409), Tone (Electrochem. and 
Metallurg. Ind. 1900, 35), Hall (J. Soc. Chem. 
Ind. 1902, 49). Recently Serpek has proposed 
to prepare alumina by forming the caroido and 
act^ upon this with producer gas consisting 
of 77 p.o. nitrogen, 23 p.c. carbon monoxide, 
and a little carbon dioxide. Ho claims that a 
tolerably pure nitride of aluminium is formed, 
and this decomposed by steam yields alumina 
and ammonia (Journal du Four Electrique, 
315, 1 ; J. Soc. Chem. Ind. 1911, 20 ; Fr. Fat. 
405712 and 418059). Many other patents have 
been taken t)ut with the object of producing 
alumina or nitride with the use of clay or other 
crude materials in place of the purified alumina, 
or as means of procuring alumina. Amongst 
these may be mentioned Cowles’ process (Journal 
du Four Electrique, 1913, 176), Child’s process 
(Met. and Chem. Eng. 1913, 231), Peacock’s 
proposal to use felspar (l.e.), the Badischo 
patent (Chem. Trade Journ. April, 1911), as 
well as methods of extraction from alunite with 
the recovery of alkaline salts (Waggaman and 
Cullen, J. Soc. Chem. Ind. 1010, 1217), and 
Hershmann (U.S. Fat. 1915 and 1916). Serpek’s 
process has also undergone considerable develop- 
ments in operations on the laige scale at St. 
Jean de Maurienne. See also J. Soc. Chem. Ind. 
1913, 609 ; Mot. and Chem. Eng. 1913, 137. 

TAe Making of Carbon Electrodea. — Bitumi- 
nous coal, anthracite, retort carbon, natural or 
artificial graphites, soot and oil-coke are all 
materials which have from time to time been 
used in the production of carbon electrodes. In 
deciding which of these materials should be 
used, account must be taken of : (a) Supply 
and cost of raw material; (A) ash content; 

(c) amount of volatile matter and sulphur ; 

(d) conductivity for electricity and heat. It 
must also be understood that electrodes used 
for the production of aluminium differ in 
character from those used for lighting or for 
the production of calcium carbide and many 
other purposes where graphitisation of the 
carbon is an advantage and the presence of 
mineral matter is quite permissible and oven 
necessary. The graphitisation of amorphous 
carbon, which must contain mineral impurities, 
is ind^ effected by exposing it to a high 
temperature under electrical heating. 

It is said that at the temperature employed 
the iron volatilises. Be this as it may, the ash 
of such carbon contains a considerable amount 
of oxide of iron. Aluminium, boron, silicon, 
and other elements which form carbides can be 
used as graphitising agents, as also to some 
extentHhe oxides of these elements. 

Grwhite or graphitised electrodes have at 
1000*^(3. about 6 times the electrical con- 
ductivity of coke blocks and 8 to 10 times the 
thermal conductivity, but it is now recognised 
that these properties, advantageous in some 
respects, are not, however, favourable to the 
efiieient working of reduction furnaces. 

It may be taken that, so far as it is capable 
of reduction in the aluminium furnace, the 
mineral ash contained in the carbon alloys 


itself with the aluminium, as also the foreign 
matter present in the alumina. The amount of 
alumina used should be about double that of 
the aluminium resulting therefrom, and the 
electrode consumption about ono-half of the 
aluminium, so that an estimate may be made 
of the impurity as silicon contained in the 
metal. Assuming the silica in the alumina and 
in the electrode together as 0*4 p.o., in each 
case, the amount of silicon in the metal will be 
very nearly 0*2 p.o. 

Similar considerations ayply to the iron con- 
tent of the metal, though tins may, by reason 
of operations, much exceed the amount of iron 
contributed by the alumina and electrodes. 

The electrical resistance is in microhms per 
cubic inch of 

0 “ 1000 * 

Amorphous oarbon(pressed) 103 1*40 

Graphite carbon . . . 0*42 0*25 

Electrodes for aluminium . 3*00 2*60 

The resistance per cubic centimetre would be 
2 *64 times these values. ( For further detail. The 
Electric Furnace, Stansfield, or the pamphlet 
issued by the Acheson Graphite Co., may bo 
consulted ; also Met. and Chem. Eng. 1915, 23.) 
In addition to low resistance to the electrical 
current, it is desirable that electrodes should be 
of low conductivity for heat, that they should 
bo sufficiently hard and resistant to superiloial 
oxidation, of low porosity and of as even 
character as possibio throughout their whole 
mass. 

To produce electrodes having these qualities 
the material (oil coke, pitch coke, and anthracite, 
used separately or mixed) must be carefully 
selected, ground, calcined, and subj(*cted to 
high pressuro with the admixture of tar or 
other material to act as binder. The blocks 
arc baked at a temperature of about 12CK)^ to 
1300'^ m a kiln, in principle resembling a pottery 
kiln, the surface of the blocks being protected 
from oxidation by being embedded in carbon. 
The permissible ourrent-donsity for good elec- 
trodes of this type is in the neighbourhood of 
8 anmeres per square inch of transverse section. 
For further details and description of Mendheim 
and other kilns suitable for baking the blocks, 
reference may be made to Die Kiinstlichen 
Kohlen, by Julius Zcllnor. Also to Chem. and 
Met. Engineering, vol. xix. 179, where an 
illustration of a more modem typo of kiln 
known as the Meiser Kiln is shown. Various 
types of tunnel furnaces are also in use for this 
purpose (and for baking pottery and brioks). 
The connection of the carbon blocks with the 
anode beam carrying the current may bo effected 
by means of an iron claw let into the block or a 
copper hanger fitted into it by a screw contact 
or by other devices. 

The Reduction Furnaces , — ^These consist 
essentially of an iron casing lined with carbon, 
the general character and arrangement of which 
is shown in transverse section below. The 
electrodes vary in size and form in different 
works, and are not necessarily arrai^ed in two 
rows as indicated in the figure. Their total 
sectional area is, however, uways adapted to 
the current to be used and good electrodes will 
act satisfactorily under a current-density of 
about 8 amperes to the square inch. The lower 
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part of the carbon body lerves as the cathode^ 
or a special form of cathode is let into the 
carbon at the base of the fomace. In starting 
a fomace it is usual to introduce first the cryolite, 
which is brought to a state of fusion by electrical 
heating. Alumina is then fed in gradually at the 
surface of the cryolite, and as it dissolves the 
resistance gradually falls to about 6 or 6 volts, 
and the temi^rature of the bath will be 
generally 1000°. The electrolytic action brings 
about a decomposition, which^has been usually 
taken to result in the formation of carbon 
monoxide, according to the equation 

A1,0, + 30 = 2A1 + 3CO 

but there is little doubt that primarily carbon 
dioxide is formed, and the change should be 
expressed as 

2A1,0, + 3C = 4A1 + 300, 

In the former case the carbon used would 
be two-thirds of the weight of the aluminium 
produced, whilst in the latter it would be one- 
third. In practice the ratio of carbon to alumi- 
nium lies between these extremes. 



The production of aluminium is discon- 
tinuous, for about 2 hours after the proper 
ohaiue of alumina has been added the voltage 
of tne furnace rises rapidly and affords an 
indication that more alumina must be added. 
The aluminium collects at the bottom of the 
bath of electrolyte, and is tapped off at stated 
periods, either every day or at longer intervals. 
The reduction of alumina by electrolytic methods 
on a laboratory scale is Met with difficulties ; 
an account of experiences in tliis dizection is 
given in papers by Neumann and Olsen (Met. 
and Chem. Engineering, 1910, 186), and Tucker 
{ibid, 1909, 316). The met^ is subsequently 
re-melted and cast into notch bar slabs or blocks. 
The blocks are broken down in heavy rolls and 


further brought down into sheeU Metal which 
has been subject to much cold work in rolling 
is in 4 stress^ condition. To render it homo- 
geneous it is exposed to an annealing process 
at about 400°. The resulting sheet is ultimately 
obtained according to details of treatment in 
soft, medium, or hard condition. The metal 
may also be drawn into wire or extruded in large 
masses either in solid sections or in tube. 

Physical Properties , — Commercial aluminium 
is a metal with the whiteness of tin. It has 
been obtained in crystals resembling octahedra, 
and is very slightly magnetic. 

Its specific heat is, at 


-100° 

0*1893 

300“ 

0*2434 

0° 

0*2098 

600“ 

0*2739 

100° 

0*2236 

660“ 

0*3200 


(Schmitz, Proo, Roy. Soo, 72, 177). 

The total heat required to bring a kilogramme 
of aluminium from 0° to 626° is 239,400 cals., 
and its latent heat of fusion is usually taken 
as 80 calorics ])er gram. Lasohtschenko (J. 
Chem. Soo. 1913, AM. 427) found for metal 
of 99 p.c. )>ijrity the value 71. It melts at 
654 5° (Heycock and Neville), 667*3° (Holbom 
and Day), the melting-point being dependent 
(as are other physical properties) on its purity. 
Small amounts of silicon and iron, which are 
always present, have a considerable effect on 
its behaviour, both physically and in contact 
with reagents. Lorenz found its conductivity 
for heat at 0° 0*3435, at 100° 0*3610 ; whilst 
I^ger and Dresselhorst for metal containing 
(r6 p.c. iron and 0*4 p.o. copper, found 0*4923 
at 100°. Similarly the electrical conductivity 
of aluminium, taking copper as 100, is as 
follows : 98*6 p.c. purity, 55 ; 09 p.o., 59 ; 
99*5 p.c., 61 ; specific resistance, 2 *7-2*8 microhms 
increasing to 3*6 at 100°. 

Its elasticity modulus (i.e. load in kilogrammes 
per square millimetre, divided by its alteration 
m length) is 7462 as compared with 11,350 for 
oopper, and the torsion moduli of these metals 
are 3350 and 4450 respectively. 

The specific gravity of the molten metal 
is 2*54, and of uio cast metal is about 2*66 ; 
this may be increased by rolling. Its thermal 
expansion is given by tho formula fi=foLl+22*9< 
-f-0’000f«)l0-® I (Jaeger and Scheel). It expands 
on fusion to the extent of 4*8 p.c. (Toepler). 
Tho metal expands in volume from 0°0. to 
melting point 6*1 p.c., after fusion ri aches 10*9 
p.o., and at 800° 0. 12*4 p.o. In hardness it 
resembles silver, and the pure metal is softer 
than the impure. It becomes more elastic and 
also harder Dy hammering and rolling, and is 
capable of bemg drawn down to a wire of 
inch in thickness, or rolled into plate or beaten 
into foil to inch thick. It can also be 
finely granulated, or pr^ared in the form of 
powder (Quillet, J. Soo. Chem. Ind. 1912, 339), 
which is laigely employed as * thermite,* or as 
aluminium paint. The tensile strength of 
aluminium is 12 to 13 tons on the square inch, 
but this varies with the temper of the metal 
between 6} and 15][ tons on the square kioh, 
the elongation varying in the inverse manner 
from 23 p.o. to 1} p.o. 6-mm. wires have a 
tensile stmiip^ of 13 kg./mm.* and 3-mm. wires 
a strength ox 17 kg./mm.* . Aluminium has been 
largely used for overhead eleotrioal transmiaaioo 
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•ad it possesses many advantages for such 
pur|)Oses owing to its lightness. Its swecifio 
gravity being only A of that of ccppe^ and 
conductivity over 60 p.o., it follows that an 
aluminium cable has double the efficiency of a 
copper cable of the same weight as a means of 
conveying current. The tensile strength of 
aluminium is affected, of course, by its form, 
method of casting and mechanical treatment. 
Its ultimate strength in tons per square inch is 
in castings 5 tons, in sheet 8 to 9 tons, and in 
wire from 13 to 29 tons. On annealing its 
strength is reduced about 50 p.c. and its duc- 
tility much increased, the elongation being 4 to 
8 times greater than when it is in the hard-rolled 
form. 

Although corroded in the atmosphere of 
some large towns, it is not more so than other 
metals used for cables, and under ordinary 
circumstances it merely becomes coated with a 
thin film of oxide which acts protectively 
(Kershaw, J. Soc. Chem. Ind. 1901, 133 ; E. 
Wilson, J. Soo. Chem. Ind. 1902, 1283 ; 1903, 
1093). A protective coating for insolation 
purposes can also be produced (Mott, J. Soo. 
Chem. Ind. 1904, 509 ; Skinner and Chubb, 
J. Soo. Chem. Ind. 1015, 360; also Eng. Tat. 
9941, AprU 24, 1911). 

There has been great difficulty in finding a 
wholly satisfactory solder for the metal, and one 
that shall resist corrosion. Dagger (J. Chem. 
Soo. Ind. 1891, 436) quotes as useful for heavy 
soldering A1 12 pts. Cu 8 pts. Zn 80 pts., and for 
light soldering A1 6 pts. Cu 4 pts. Zn 90 pts. 
A satisfactory flux for soldermg consists of 
NaCl 30 grams, KCl 45 grams, LiCl 15 grams, 
KF 7 grams, NaHSOi 3 grams (J. du Four 
Eleotrique, 1914, 868). Joints can, however, be 
made by autogenous welding with an oxyhy- 
drogen or acetylene flame or electrically. Butt 
and other joints may be effected by various 
mechanical devices with the aid of fusion at 
the surfaces or by a casting of metal around the 
junctions. 

Ajyplications of Aluminium in the Industries. 
— Castings or extrusions of the metal or its 
alloys are used in the construction of railroad 
cars, motor-cars, air-ships, and aeroplanes ; for 
collector bows, field coils, and other details in 
electrical traction, also for various mechanical 
appliances, such as pulleys, &c. Sheet is largely 
employed for spinning, pressing, or stamping 
into forms suitable for cooking vessels, trays, 
drawers, beakers, and similar articles of domestic 
use, or in works operations. Wire and extruded 
metal is employed in the distribution of electrical 
current either by means of solid or stranded 
cable, for feeder connections or bus-bars. In 
America, on the Continent, and in Canada and 
other Colonies aluminium is used for overhead 
high-tension currents running to over 100,000 
volts. In Great Britain its use is confined to 
lower-tension currents either over or under- 
ground. 

Oranvles and Notch Bar are cast in this form 
for convenient addition to molten steel during 
casting witii the object of securing greater 
purity and density of the steel. In the form of j 
pouder, or as finely granulated metal, aluminium 
finds application in the thermite weldii^ process, j 
as paint, and for the manufacture of high explo- 
aives, such as ammonal. In consequence of the 


very laxge number of chemical products which 
have practically no action upon aluminium, the 
metal is now oeing used with advantage in a 
large number of chemical industries. The 
following may be quoted as processes or branch 
industries, in which already wide applications 
in the construction of plant arc being found for 
the metal : — 

Manufacture of nitric acid and guncotton, 
Ac. ; oils, fats, soap, glycerine, organic acids ; 
fine chemicals, such as formaldehyoe, hydrogen 
peroxide, ether, extracts, essences, and syrups ; 
foodstuffs, gelatin, jams, etc. 

Also in the canning industry, sugar refining, 
varnish making, brewing, dyeing, rubber, paper, 
lith^raphy, and printing. ^ 

unemical Piopertiea . — ^Aluminium absorbs 
about its own volume of hydrogen (Dolachanal 
and Dumas, J. Soe. Chem. Jhid. 1909, 368), 
which is, however, expelled on lioating or in 
vaeuS. In the course of its production and 
treatment aluminium takes up gases (chiefly 
hydrogen and nitrogen) usually m such quantity 
that tnoir total volume is from 7 to 20 p.c. of 
that of the metal. (Jood metal tapped from the 
reduction furnaces yields 5 to 10 p.c. of its 
volume of hvdrogcn and about 3 to 4 p.c. of 
nitrogen. After re-melting, especially under 
unsuitable conditions, it is found to ‘ contain 
more hydrogen and also carbonic oxide and 
hydrocarbons. An ingot of metal, which had 
been melted and allowed to cool in the furnace 
very slowly, was highly crystalline and found to 
contain of its volume an extraordinary amount, 
viz. 85 p.o. h>diogen, 7 '5 p.c. nitrogen, and 4 
p.o. carbonic oxide and hydrocarbons. It is 
practically unacted upon by oxygen at ordinary 
temperatures, but if finely divided it under- 
goes considerable oxidation at 400'’, or even, 
though less rapidly, at lower temperatures. If 
sufficiently pure, water has slight action upon it, 
though if sodium is present in the metal a some- 
what greater action occurs. This is accentuated 
if copper, brass, or other metals are in contact 
with it. A recent use to which the metal has 
been put is for the treatment of hard waters, 
wliich by intimate contact with the metal, are 
said to be softened and become less liable to 
form incrustation on the shell of the boiler. 
The halogen elements or acids readily act upon 
aluminium, and the chemical activity of the 
I* metal is such that a large amount of heat is 
generated on combination with these elements. 

The very great affinity which aluminium 
possesses for oxygen has been made use of in 
the application of * thermite* as a means of 
reducing oxides. Goldschmidt, D. B. P. 96317 
(1895), has thus used the finely divided metal in 
the production of iron, manganese, chromium, 
nickel, cobalt, titanium, boron, molybdenum, 
tun^tep, vanadium, and other metals. 

Keagents which readily part with the 
halogens, such as SiCl4 and also attack it, 
and carbon or the oxides of carbon at high 

S ratures convert it into the carbide, AI4C3. 

(Chem. Soo. Trans. 1876, 340) found that 
molten aluminium is acted upon by nitrogen 
with the formation of nitride, indeed it bums 
vigorously in an atmosphere of nitrogen. 

If brought into intimate contact with 
mercury in presence of moisture, aluminium is 
readily converted into the hydroxide, and when 
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exposed to the vapour of mercqry with access 
of air, it undergoes rapid oxidation. 

Perspiration, being acid, has no apparent 
effect ; saliva, on account of its slight alkalinity, 
acts very dowly. Aluminium tubes have been 
used for insertion in the human body where 
much purulent matter was present, without 
perceptible corrosion. 

Aluminium when fused with potash or soda 
is unaffected even at a dull red heat, but the 
superficial silicon is removed ; metal so treated 
takes a good ' matt.’ 

For burnishing and engraving aluminium, 
the ordinary media are unsuitable. According 
to Mourey and others, an emulsion of equal parts 
of rum and olive oil is most satisfactory. The 
finish of manufactured articles is improved by a 
frosted appearance. This is produced by 
plunging the article momentarily into caustic 
alkali, washing well, and immersing in dilute 
nitric acid. 

Action on metallic Aolviions. — Aluminium, 
especially in the form of foil, has a considerable 
action on many salts in solution. The action of 
sulphates and nitrates is usually very slow. All 
chlorides, except those of the alkalis and alka- 
line earths, are readily decomposed, even alu- 
minium chloride solution dissolves the metal 
with evolution of hydrogen. Jiromides and 
iodides have corresponding effects. The pre- 
sence of chlorides in solutions of other salts 
much facilitates their action. 

From a neutral or feebly acid solution of 
silver nitrate, silver is precipitated slowly ; from 
an ammoniacal solution of the chloride, silver is 
rapidly precipitated as a crystalline powder. 

From the nitrate or sulphate of copper, pre- 
cipitation is slow, from the acetate quicker, 
and from the chloride or other salt in presence 
of sodium chloride, rapid and complete. 

Salts of mercury are decompoHod with forma- 
tion of an amalgam. Lead and zinc are readily 
precipitated (v. also ('Jossa, Zcitsch. f. Chem. 
[2] 6, 380 and 443 ; Nicolardot, J. Soo. Chem. 
Ind. 1912, 438). 

Action of dry salts and oxides . — The action 
of cduminium, when heated with certain salts 
and oxides, is peculiar, and shows, especially at 
high temperatures, the tendency of this metal to 
form aluminatos. 

It is not affected by potassium nitrate except 
above a red heat; it is then rapidly oxidised 
with formation of potaasium aluminate. With 
alkaline carbonates combination takes place at 
a red heat with separation of carbon, and with 
alkaline sulphate combination takes place 
suddenly at redness with explosive violence; 
in both cases aluminates are formed. 

When finely divided aluminium is mixed 
with oxide of copper, lead, or iron, combination 
takes place at a white heat only, with such vio- 
lence as freouently to shatter the crucible. In 
the case of lead and copper oxides, aluminates 
are produced, and with iron an alloy of iron and 
alumininm (Ussier). 

When heated with silicates or borates, 
aluminium liberates silicon or boron, forming an 
aluminate with the base. • Fused silver chloride 
is reduced to metal ; zinc is reduced from its 
fused chloride, whilst miwnesium chloride is 
not affected (Flavitzky, Ber. 6, 195). The 
vapour of mercuric chloride is reduced with such 


energy by heated alumininm that the metal 
fuses. 

Otfnosion of aluminium . — The question of 
corrosion is one which is of the highest import- 
ance in the application of metals, but in none 
more so than m the case of aluminium (Bailey, 
J. Inst. Metals, ix. 79, and xxi., 234). 

This arises not o^ from the considerable 
extent of the usage of this metal for culinary 
operations, but al^ because of its laige and 
extending use in the chemical industries and 
for constructional work where atm^herio and 
other agencies are to be reckoned with. 

Spewing generally, with the exception of 
alkalis ana i^ts with an alkaline reaction, 
solutions containing less than 5 p.c. of the 
reag^ent have very little action. 

It is also noteworthy that Concentrated 
mineral acids or organic acids, and with few 
exceptions the salts of these react very slowly 
with aluminium. The most important excep- 
tions are hvdrochlorio acid and the halogen 
acids generally. 

It is essential, however, to add that whilst 
this general statement holds good at ordinary 
temperatures, action is very greatly accelerated 
by a rise in temperature, and especially when 
the reagent approaches its point of ebullition. 
The extent to which aluminium is corroded is 
also largely dependent on its purity, especially 
where this is lower than that of good com- 
mercial metal, say 99*2 p.c., or, of course (though 
in practice this is frequently overlooked), 
aluminium is in contact with other metals. 
In the notes which follow, some information 
is given as to the corrosive effects of those 
reagents which are alreadv associated with the 
use of aluminium in the inaustrios.and references 
are given to details. 

The numbers stated in parentheses, in respect 
of any of these reagents, express the milligrams 
. of metal removed per 100 square centimetres of 
surface for an exposure at or^nary temperatures 
I of 24 hours, when the concentration is ap- 
proximately 5 p.c., except where otherwise 
stated. 

Acetic acid (0*6) (Lunge, J. Soo. Chem. 
Ind. 1895, 692 ; Seligmann and Williams, 
J. Soo. Chem. Ind. 1910, 88, and 1917, 409). 

Acetone (Pikes, Zeitsoh. angow. Chem. 1914, 
62). 

Alcohol, wines, and smrits (Lunge, l.c . ; 
Rudiger and Karpinski, J. Soo. Chem. Ind. 
1913, 41). 

Ammonium hydroxide (reaches maximum 
with 2 p.c. at 376) (E. K. Davis, Metal. Ind. 1910, 
109). 

Barium hydroxide (370 for centinormal 
I solutions). 

I Beer (Sohonfeld and Himmelfarb, J. Soo. 
Chem. Ind. 1912, 789 ; Chapman, l.c. 1912, 87 ; 
Bleisoh, l.c. 1912, 199 ; Zikes, l.c. 1913, 248 ; 
Trillat, l.c. 1916, 883). 

Boric acid (0*3) (Lunge, l.c.). 

Bromine acts vigorously on aluminium, also 
chlorine and iodine. 

Butyric acid (0*2) (Lunge, l.e. ; Seligmann 
and Williams, l.c.). 

Calcium hydroxide (286 for a centinormal 
solution). 

Citric acid (0*3) (Lunge, l.c.). 

Formic acid (Seligmann and Williams, 2.e.). 
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Hydrochloric acid (7). 

Lactic acid (O'S) (Lunge, le.), 

HUrie acid (5) (Seligmann and Wiliams, 
J. Soc. Chem. Ind. 1916, 666). 

Oxalic acid (6) (Carpenter and Edwards, 
9th Report of Alloys Beswch Committee). 

Patacaium hydroxide (205 for a centinormal 
solution). 

Potaasium iodide (1*3). 

Propionic acid (Seligmann and Williams, 
J. Soo. Chem. Tnd. 1916, 88). 

Salicylic acid (1*1) (Lungo, /.c.). 

Sodium chloride (2). 

Sea water (13) (Ca^enter and Edwards, l.c.). 

Sodium hydroxide (460 for a centinormal 
solution). 

Sodium carbonate (reaches maximum with 
0*6 p.o. at 140). 

Sodium bicarbonate (little or no action). 

Sulphuric acid (7). 

Tartaric acid (0*3) (Lunge,'/ .c.). 

It should be realised that corrosion measured, 
especially in the cold and over short exposures, 
shows in many cases, a much higher value than 
would be the case for prolonged exposure, owing 
to the formation of a protective coating. This 
applies particularly to weathering, action of 
ammonia, and certain hydrates and salts, and 
more commonly in hot solutions. 

With the nxed alkalis the activity is pro- 
gressive with increased concentration, and also 
in a very rapid degree with hydrochloric acid ; 
but with ammonia, sodium carhonate, and with 
sulphuric, nitric, and acetic acid the activity 
rises to a maximum, and ultimately falls on 
rapidly, so that with the highest con- 
centration the action is slight. Many of the 
results given above have been confirmed by 
the author of this article or are the results 
of unpublished determinations by him. It 
only remains to add that the following bodies 
have practically no action on aluminium : 
Acetone; acetylene; benzol; tea and other 
similar beverages ; borax ; chlorides ; sulphates 
and nitrates of the alkalis ; carbolic acid ; 
ether ; fats, oils, and fatty acids ; formalde- 
hyde ; gallic acid ; gelatin ; glycerine ; hydro- 
gen peroxide ; hydrogen sulphide ; soap ; 
sulj^ur ; sulphur dioxide ; chlorine. 

Potable waters, if free from common salt 
and alkalis, have very slight effect. 

Detection . — Compounds of aluminium, when 
heated, moistened with solution of cobalt 
nitrate, and again strongly heated produce a 
fine sky-blue colour {Thenard's blue, q.v., art. 
Cobalt). 

Aluminium compounds are usually colour- 
less. Silicates and other compounds insoluble 
in acids require to be finely powdered, mixed 
with 4 ports of sodium carbonate or fusion mix- 
ture, and heated strongly in a platinum crucible 
The aluminium, having thus rocome converted 
into sodium aluminate, is dissolved out with 
hydrochloric acid, evaporated to dryness to 
render any dissolved silica insoluble, and treated 
with dilute hydrochloric acid. The aluminium 
is then present as chloride. 

Aluminous solutions, on addition of an alkali, 
give a white gelatinous precipitate of hydrate, 
soluble in excess of the precipitant and in acids. 
Ammonia produces the same precipitate, which 
is only slightly soluble in excess, and is entirely 


reprecipitated on boiling off the excess of 
ammonia if sufficient ammonium ciiloride be 
present, or it may be precipitated by CO|. 

Eatimation . — ^Aluminium is usuuly precipi- 
tated as the hydrated oxide AlaOa,3H.O. 

For this purpose the solution, which, in pre- 
sence of alkalis or alkaline earths, is mixed 
with excess of ammonium chloride, is treated 
with a alight excess of ammonia, and the solu- 
tion boiled until the free ammonia is expelled. 
The hydrate, having thus become totally pre- 
cipitated, is filtered, well washed, dried and 
heated in a platinum crucible, the heat being 
finally raised to bright redness to constant weight 
over the blowpipe. The weighed residue consists 
of anhydrous oxide, Al|Ot, and conteins 63 p.o. 
of aluminium. The separation from other 
metals is not difficult. The heavy metals may 
be precipitated from the acid solution by sulphu- 
retted hydrogen, leaving the aluminium in solu- 
tion, whilst the precipitation in presence of 
ammonium chloride in excess separates it from 
the alkalis and alkaline earths. From chro- 
mium and iron the separation is loss simple. 
Chromium may be separated as follows ; — The 
precipitated oxides are dried, mixed with 2 
parts potassium nitrate and 4 sodium carbonate 
and fused in a platinum crucible. Alkaline 
chromate and aluminate are thus produced. The 
mass is digested with water ana a small quan- 
tity of potassium chlorate and of hydrochloric 
acid are then added, and the solution is evapo- 
rated to a syrup,; with occasional addition of 
otassuim chlorate to destroy the excess of 
ydrochlonc acid and prevent its reducing 
action on the cliromatc. The aluminium in the 
diluted solution is precipitated as above by 
ammonia, leaving the chromate in solution. 

For the separation from iron, the precipitated 
hydrated oxides are dissolved in the minimum 
quantity of hydrochloric acid and treated with 
an excess of pure strong potassium hydroxide 
solution, boiled for a few minutes, diluted, 
filtered, and well washed. The ferric oxide is 
thus precipitated and separated from the soluble 
alumina. The solution and washings are acidi- 
fied with hydrochloric acid and precipitated 
by ammonia. On account of its solvent action 
upon glass, the treatment with potash should 
bo performed in a porcelain dish, which is much 
less attacked, or, preferably, in one of silver. 

Commercial Analysis of Aluininium . — ^Tho 
direct determination of aluminium, constituting 
as it does usually over 09 p.c. of the metal under 
examination, presents many difficulties. It has 
been proposed to estimate the aluminium by 
ascertaining the volume of hydrogen evolved on 
dissolving it in hydrochloric acid or the amount 
of chloride formed, but the errors to which such 
a determination is liable are too great to admit 
of sufficient accuracy ; moreover, the impurities 
usually present give rise to corrections which 
detract from the simplicity of the method and 
complicate the result. The solution in caustic 
soda is preferable to this, the iron and copper 
remaining as a black residue, but the silicon, in 
part, at least, reacts with caustic soda, so that 
even in this case the hydrogen evolved cannot 
be taken as a measure of the aluminium present. 
In these circumstances it is customary to 
determine the impurities and arrive at the 
amount of aluminium by difference. 
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The impurities generall^^ present in quantity 
are iron, silicon, and sometimes copper. Minute 
amounts of sodium, carbon, and nitrogen are 
also contained in the metal, but these should not 
greatily affect the result unless when dealing 
with specially impure metal. Commercially, 
therefore, iron and silicon alone are usually 
estimated. For the iron, the metal is dis- 
solTed in caustic soda, and this solution on 
aoidulation with sulphuric acid yields sulphates 
of alumina and iron which rodissolve in the acid, 
whilst the presence of copper is indicated by the 
appearance of a black residue. The amount of 
iron is llnally determined by titration with 
potassium permanganate. For the eilicon, the 
metal is mgested with hydrochloric acid in 
presence of nitriaacid (to avoid volatilisation of 
any silicon as chloride) forming a turbid solution 
owinu to the separation of the silica. This is 
then boiled down with sulphuric acid until white 
fumes of this acid appear. The aluminium and 
iron salts are thus converted into sulphate, and 
redissolve on digestion with water, the silica 
being left in suspension. 

After filtration and washing, the silica is 
strongly heated and weighed. Copper may be 
estimated as sulphide, or the black residue above 
mentioned may bo dissolved and the copper 
estimated colorimetrically. If the amount of 
sodium is to be found, the metal must be dissolved 
in nitric acid, boiling acid of 60 p.o. strength 
being used. The solution is boiled down to 
dryness and exposed to a dull red heat so long 
as red fumes appear. The residue is extracted 
with water, care being taken finally to remove 
all alumina or other metah precipitated by the 
ordinary reagents. Ultimately the sodium salt 
remaining may be converted into sulphate and 
weighed as such. For fuller details a paper by 
8eligmann and Willott may be consultea (Joum. 
Inst. Metals, vol. iii. p. 138). 

For general analytical details, the following 
sources of information may be consulted": 
Moissan (Oompt. rend. 121, 801) ; Gouthi^re 
(Analyst, 21, 270) ; Jean (Rev. Chim. Indust. 8, 
6) ; Withey (Joum. Inst. Metals, xv. 207). The 
better qualities of commercial metal should not 
contain more than 0*0 p.c. of iron and silicon 
together, nor more than 0*05 p.c. of sodium. It 
is, however, very doubtful whether sodium is 
present in the metallic form. 

AUoys. — ^The addition of quite small quanti- 
ties of ^uminium to certain metals {e,g, copper 
and iron) has a profound effect in modifying the 
properties of these metals. Likewise the addi- 
tion of small quantities of certain metals {e.g, 
Fe, Mn, Si, &c.) to aluminium effects con- 
siderable change in the properties of this metal. 
The addition of 0*1 p.c. of aluminium to copper 
brings down its conductivity 23 p.c. ; the 
addition of zinc, copper, nickel, iron, or man- 
ganese to aluminium is accompanied by con- 
siderable augmentation of the tensile strength. 
The alloys aluminium may be classified mto 
bronzes, casting alloys, and rolling alloys, 
according to their properties. The true bronzes 
sonsist of copper and aluminium alone, but there 
tre many binary (and ternary) alloys which 
sontain metals other than copper and yet suffi- 
uently resemble bronze to be classed along with 
t. The bronzes proper chiefly employe are 
;old bronze, contaming 3 to 0 p.c. of aluminium ; 


steel bronze, with 8*0 p.c. A1 and some silicon ; 
acid bronze, with 10 p.c. Al. The copper 
bronOds, with 90, 02*6, 06 and 07*6 p.o. of copper, 
are all good alloys, showing homogeneity and 
freedom from ezystaUisation. They are of great 
hardness and high tensile strength. 

Such alloys possess very valuable properties, 
the ultimate stress of the 90 p.o. imoy being 
38 tons to the sq. inch, and they have the 
further valuable property of being practically 
nonoorrodible by sea- water; this property is 
also shown very markedly by bronzes containing 
manganese. These bronzes in hardness and 
tensUe strength compare favourably with the 
best steel, and are similarly affected by temper- 
ing. The alloys high in aluminium and low in 
copper are also of great commercial value ; a 
bronze with 4 p.c. copper by rolling and drawing 
showed a steady increase in tensile strength 
from 9‘6 tons to 20 tons to the sq. inch. 

A small percentage of manganese increases the 
tensile strength of aluminium without affecting 
its ductility, but large proportions of man- 

§ anese increase the strength and lessen the 
uctility. 

For further information reference may be 
made to the eighth report of the Alloys Research 
Committee of the Inst. Mech. Engineers (Car- 
penter and Edwards), and to the ninth report 
(Rosenhain and Lantsberry), and tenth report 
(Rosenhain and Archbutt), also to The Metal 
Industry, 1909, 186 (Hiorns) ; Schirmeister, 
J. Soo. Chem. Ind, 191G, 894 ; also J. du Four 
Electrique, 1914, 700. The composition of 
other bronzes used industrially is given in the 
following table : — 



Al 

Cu 

Zn 

Sn 

N1 

Cr 

Mg 

Hercules 








bronze . 

2 

65 

33 

— 

— 

— 



Chromium 








bronze 

06*76 

4 

— 

— 

— 

0*25 



Duralum 

79 

10* 

— 

— 

— 

— 

u 

Partinium . 

88*7 

6*8 

4*5 

— 

— 

: — 



Gross mann’s 




i 




alloy . 

87 

8 

— 

5 

— 

■ — 

— 

Argentan 

7 

70 

— 

— 

23 

— 

— 

Hercules 


1 






metal (No. 3) 

1*5 

01 ' 

i 

37*5 


1 




* Phosphorlsed copper. 


The aluminium alloy containing 20-50 p.o. 
of copper or nickel is brittle, as is the alloy with 
36 p.o. of manganese. 

Rolling Alloys. — ^Aluminium alloys, containing 
3 to 4 p.c. of copper or 1 *5 to 5 p.c. of nickel, 
roll well, as do many other alloys containing 
copper and zinc, the former in small quantity, 
amounting to from 1 to 3 p.c., and the latter 10 
to 12 p.c., or even more. 

Magnalium consists of aluminium alloyed 
with 2 to 10 p.o. of magnesium. This alloy is 
lighter than aluminium, and in strength and 
workability equal to good brass. Duralumin 
is a very important alloy contaimng 3*5 to 6*5 
p.c. Ctt, 0*6 to 0*8 p.c. of Mn, and 0*6 p.c. Mg. 
An account of this alloy is to be found in the 
discussion on Tenth Report of the Alloys Re- 
search Committee; also Met. Industry, 1010, 
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393 and 418 ; and Met. and Chem. Eng. 1910» 
547. 

Caeiing aUoya are also largely used, conlisting 
moat frequently of aluminium, rinc, and copper 
in yaiying prcmortions (Biohaids, Eng. and 
Mining Joum. 1908, 715). Magnalium admits 
of introduction with advantage of small quanti- 
ties of copper and nickel without unduly 
raising its specific gravity. The tensile strength 
and hardness of these allo^rs are considerable, and 
they are said to be resistant to atmospheric 
corrosion (Barnett, J. Soc. Chem. Ind. 1905, 
832). Taps, tuyeres, and the like are made 
from an alloy composed of aluminium, to which 
12 p.o. Cd, 6 p.o. Cu, 5 p.o. Sn, 2 p.c. Ni are 
add^. Pedestals are also made of aluminium, 
containing 14 p.o. Sb, 1*2 p.o. Cu, 12 p.o. Sn, 
37 p.c. Zn, and 0*8 p.c. Pb ; copper, with 10 p.c. 
A1 and 1 p.o. Mn, is an excellent hard alloy for 
bearing metal or tool steel; horse-shoes are 
made from a ternary alloy of aluminium con- 
taining either 12 p.c. Cu and 10 p.o. Zn, or 5 p.o. 
Cu and 10 p.o. Sn. Many alloys of aluminium 
resist acid corrosion to a remarkable 
degree, and even if cooking utensils are made 
from an aluminium copper alloy. Carpenter and 
Edwards have shown that when corrosion does 
occur the copper is not dissolved out, and hence 
there is no danger of poisoning in using such 
vessels, since the salts of aluminium have no 
toxic action. 

An improvement is effected by the addition 
of aluminium to brass. An alloy containing 
aluminium 2*6 p.c., copper 70 p.o., and zinc 
27*5 p.o., is said to snow nearly double the 
tenacity and considerably more than double 
the elongation of ordinary cast brass. 

The presence of tin in aluminium renders it 
more fusible and brittle. According to Bourbouze 
(Compt. rend. 102, 1317), an alloy of aluminium 
100 and tin 10 is strong, easily worked, may be 
soldered as easily as brass, is whiter and less 
affected by reagents than aluminium, and is 
very suitable for parts of optical instruments. 
Its sp.gr. is 2*85. The addition of aluminium 
to tin increases its hardness and tenacity. The 
alloys containing 5, 7, and 9 p.c. of aluminium 
are all easily worked and soldered. A larger 
proportion of aluminium is liable to separate out 
on melting. 

Aluminium combines in all proportions with 
cadmiuntr forming malleable fusible alloys. 

Small quantities of silver increckse the hardness 
and elasticity and lower the melting-point 
without rendering aluminium brittle. The alloy 
containing 4 p.o. silver has been used for the 
beams of delicate chemical balances. When the 
addition exceeds 6 or 6 p.c. the metal becomes 
brittle ; the 60 p.o. alloy is as hard as bronze, 
but very brittle. ‘ Tiers argent * consists of 1 
part silver and 2 parts aluminium; it is of 
considerable hardness, and is used for table- 
spoons, &c. The addition of 6 p.c. of aluminium 
to silver renders it as hard as standard silver 
and very permanent. 

The presence of aluminium in gold consider- 
ably alters its properties. The addition of 0*186 
p.o. of aluminium to pure gold increases the 
tensile strength from 7 tons to 8*87 tons per 
square inch, a greater increase than is woduced 
by the same amount of any other metal (Boberts- 
Austen, Boy. Soo. Bep. April, 1888; Chem. 


Nows, 1888, T. 57, p. 133). With 1 p.o. alu- 
minium the gold has the colour of * green gold,' 
is hard but easy to work ; with 5 p.o. alumuiium 
it is white and extremely brittle, and with 10 p.o. 
white, brittle, and crystalline. Aluminium con- 
taining 10 p.c. of gold is white apd hard. 

The malleability of aluminium is not much 
impaired by the addition of gold, silver, or tin, 
but the presence of excessive amounts of iron, 
and especially of silicon, is very injurious. 

The alloys of aluminium and silicon appear 
to form a simple cute.;tiferous series, the silicon 
branch of the curve exhibiting no singularity 
whatever (Fraonkel, Zeitsch. anora. Chem. 
1908, 58, 154). Those results have Men con- 
firmed by Roberts (Chem. Soo. Tran^ 1914, 105, 
1383). That no compound iw formed is sup- 
orted by the fact that no silicon hydride can 
e detected when the alloys are mssolved in 
acids ; the silicon, as appears from a microscopio 
study of the structure of the alloys, crystallises 
in plates arranged in live- or six-rayed stars. 

The presence of silicon renders aluminium 
brittle and much less permanent. 

With iron the alloys are of especial interest. 
The presence of a quantity of iron is very 
injurious ; it renders the aluminium oiystalline, 
and raises the melting-point. The alloy con- 
taining 5 p.c. of iron is hard and brittle ; with 
8 p.o. the alloy c^stallises in needles, and on 
heating separates into a more liquid alloy con- 
taining but little iron and a skeleton very rich 
in that metal. Michel (Annalen, 115, 102) has 
prepared an alloy which crystallises in six-sided 
prisms, corresponding to Al^Fe. A beautifully 
crystalline substance having the composition 
Ai 4 Fe is often found in the neighbourhood of 
the cathode of a reduction furnace. 

The valuable properties imparted to iron and 
steel by the presence of a small quantity of 
aluminium have long been known ; Faraday 
(Quarterly Joum. Roy. Inst. 1819, 290) found 
irom 0*013 to 0*069 p.o, of aluminium in certain 
samples of Bombay wootz, though it has been 
shown by Henry and others that this metal is 
not always present. About the same time 
S. B. Rogers showed the presence of aluminium 
in some of the best quality of pig-iron made in 
South Wales, and found that a steel to which 
0*8 p.c. of aluminium had been added in the form 
of an alloy with iron, was rendered harder and 
stronger and resembled the best wootz (Rogers, 
Metallurgy, 1868, 14). A superior steel was 
prepared by Sir Charles Knowles, which was 
stated to owe its value to the use of kaolin and con- 
sequent introduction of aluminium into the metal 
in its preparation (Mining Journal, 1859, 118). 

Messrs. Cowles Bros, have exhibited a Sie- 
mens-Martin basic steel containing 0*2 p.o. 
aluminium, which welds with iron and shows no 
mark at the junction. 

The addition of aluminium to iron or steel 
for the production of ' mitis castings * has been 
patented by P. Ostber^ (Engineering, 1886, 360). 
Iron and steel, Specially at temperatures far 
above the melting-point, absorb considerable 
quantities of gas, which impairs the value of the 
castings. The addition of 0*05 or 0*1 p.c. of 
aluminium to the fused iron or steel lowers the 
melting-point, prevents the absolution of gM, 
and considerably increases the nuidity. The 
metal can t W he easily cast. 
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Nickel and aluminium combine with incan- 
descence when heated together. The presence 
of under 3 p.c. of nickel lowers the melting-point 
and increases the hardness and elasticity. 

Pure aluminium combines with mercury, 
although not readily, when the metals are 
heated together in an inert gas such as carbonic 
anhydride. The two metals combine rapidly in 
presence of alkalis. The amalgam may also be 
produced by electrolysis of mercuric nitrate, 
using a negative plate of aluminium dipning in 
mercury. When aluminium is rubbed with 
wash leather impregnated with mercury, com- 
bination occurs ; the surface rapidly oxiefises and 
becomes heated, with formation of concre- 
tions of alumina (Jehn and Ilinze, Bor. 7, 
1498). • 

Alloys of bismuth with aluminium are hard 
and brittle. With antimony and lead aluminium 
does not unite, although traces of lead are fre- 
quently present in commercial aluminium. 

Sodium unites readily with aluminium. The 
last traces of sodium are diilicult to remove, 
especially, it is said, when the metal has been 
reduced from cryolite. The alloys are eosilv 
attacked by moisture, and bum in the air, with 
oxidation both of the aluminium and sodium ; 
that containing 2 p.c. of sodium decomposes 
water with oase. The necessity of avoiding 
the presence of sodium in the preparation of 
aluminium is therefore obvious. 

Aluminium also unites with manganese ; with 
platinum it imites easily, forming fusible alloys. 
With boron aluminium combines in varying 
proportions. The so-called ‘ adamantine * and 
^graphitic ’ boron appear to bo borides of alumi- 
nium (Hampo, Annalen, 1870, 76 ; and Doviiie 
and Wohler, ibid, 1867, 208) (v. Borom). 

Mallet (Chem. Soc. Trans. 1870, ii. 350) has 
repared a nitride of aluminium in small crystals 
ara enough to scratch glass. It may be 
obtained in colourless hexagonal needles of the 
composition AIN by direct union of its elements 
at 820®. It forma ammonia when fused with 
potassium hydroxide, or by heating with sul- 
phuric acid. Alcohol forms triethylamine at 
230®. Fichter and Spengel (Zcitsch. anoig. 
Chem. 1913, 82, 192). it dissociates in nitrogen 
at atmospheric pressure at about 1850®. When 
heated in nitrogen at a pressure of 4*3 atmos. it 
melts at 2150°-2200® (Wolff, Zeitsch. anorg. 
Chem. 1914, 87, 120). 

For further information, see J. W. Richards, 
Aluminiu& and its Allovs, London. 

Aluminium oxide. Alumina, Al^Os. 

Aluminium forms only one oxide, AlgO#, cor- 
responding to and isomorphous with the ses- 
quiozides of iron and chromium. 

This oxide occurs native, colourless as 
hyaline, corundum ; or coloured by metallic 
oxides, as rvhy, sapphire, oriental topaz, &o. (g.v.). 
Veiy impure, dark, and usually associated witii 
magnetite and hcematite, it occurs in large 
bomders in many districts, and is used as a 
grinding and polishing material in the form of 
emery (g.v.). The native oxide crystalliMs in the 
rhombohedial system; in hardness it comes 
next to the diamond. The finely coloured 
specimens are used as gems. It occurs c^most 
pure in considerable quantities in the Alleghanies 
m Northern Georgia. 

It may be prepared by the ignition of 


aluminium foil in air or oxygen ; the oxide so 
proiteced is fused and as hard as corundum. 

Aiundvm is iused alumina, a product made 
up into electrical furnace cores, crucibles, bricks 
and tubes where high refractory properties are 
of value. It withstands 2000®, and has a linear 
expansion of 0*0000078, a specific heat of 0*196 ; 
at high temperatures (over 1500®) it has a low 
electrical resistance. It is, however, inapplic- 
able to use in some directions owing to its 
porosity. 

Amorphous alumina may be produced by 
ignition of the precipitated hydrate, pure alu- 
minium sulphate or ammonia alum ; in either 
case alumina alone is left. 

It is white and soft, but becomes hard on 
strong ignition. According to H. Rose (Pogg, 
Ann. 74, 430) the sp.gr. of the 'oxide after 
heating over a spirit-lamp is 3*726 ; its density 
may be raised to 4, just aoout that of corundum 
by heating in a porcelain furnace, but it still 
remains amorphous. It is remarkable that 
though the density of the artificially prepared 
alumina is nearly 4, its bulk density may be less 
than one-fifth of this. With a somewhat lower 
density the bulk density is higher, but is still 
such that it occupies a larger bi^ than the 
same weight of waW. 

When heated by the oxyhydrogen blow-pipe, 
alumina melts at 2060® and crystallises ; the 
addition of chromium oxide or a chromate 
imparts a ruby colour to the crystals. 

Fremy and Vernenil (Compt. rend. 1888, 
666) have prepared artificial rubies by heating 
to redness a mixture of barium fiuoride and 
alumina containing a trace of potassium dichro- 
mate. 7'he heat requires careful management. 
Fine rubies are thus formed in a friable matrix 
which may be separated by agitation with water. 
By former methods the matrix w*as hard and 
difficult to remove (Fremy and Feil, Compt. 
rend. 1877, 1029, and 1887, 737). The crystals 
contain no barium, easily scratch the topaz, and 
possess the form and properties of natural rubies ; 
their crystalline form has been determined by 
Descloisoaux (Compt. rend. 1888, 607). By the 
addition of a little cobalt oxide before the fusion, 
sapphires may be produced. 

Alumina is soluble, when strongly heated, in 
boric acid ; the latter may be driven off at a 
very high temperature, leaving crystalline 
alumina. By the addition of the proper oxide 
the corresponding spinels may be produced, 
coloured by cobalt oxide (blue), chromium oxide 
(red), iron oxide (black), (hlbelmen, Ann. Chim. 
Phys. 3, 22, 211 and 33, 34). Only two hydroxides 
of aluminium are known, viz. : Al^OsjH^O and 
Ala03,3Ha0. By Graham’s method an aqueous 
solution of the hydroxide may be obtained. 

When the hydroxide is Poshly precipitated 
it dissolves readily in dilute aoids, but on 
standing, or after filtration, solution is more 
difficult, and is best achieved by a mixture 
of 8 parts of sulphuric acid and .3 parts of 
water. When heated, the hydroxide loses its 
water, undergoing a contraction of about 30 
p.c. in bulk as it passes into the form of the 
anhydrous oxide. 

When boiled with water containing a drop 
of a 1 p.o. solution of alizarin, the hydroxide 
assumes a bright red colour, not removed by a 
weak solution of aoetio acid. 
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This test easily distiimuishes it from gelatin- 
ous silioa. Aluminium hydroxide possesses a 
powerful affinity for many organic subattooes, 
and enters into association witn a large numW 
of colouring matters, precipitating them entirely 
as lakes. On this property depends the use of 
alum mordants (red liquor, Ac.). They pre- 
cipitate the hydroxide upon the fibre of the 
goods to be dyed, and this constitutes the 
mordant or fixing agent which retains the colour. 

Sodium aluminate A^sO^^SNajO or Alt(NaO).. 
This salt is now prepared on a large scale, both 
to be used as such and as an intermediate pro- 
duct in the preparation of the sulphate and other 
salts of aluminium. 

Its formation depends upon the property 
possessed by alumina of acting as an acid in pre- 
sence of a powerful base. 

Its preparation from bauxite has already 
been described It may also be pioduccd by 
passing a current of steam through a heated 
mixture of bauxite and common salt, and by 
strongly heating a mixture of bauxite, sodium 
sulphate, and carbon, but in the latter case its 
purification from «the sodium sulphide simul- 
taneously produced is difficult. It is also formed 
in the preparation of soda from cryolite. Accord- 
ing to Thomsen’s method, powdered cryolite is 
heated to redness with chalk, forming sodium 
aluminate and calcium fluoride : — 
AljF,* 6 NaF+ 6 CaC 03 =Alj(Na 0 ).+ 6 CaF 2 + 6 C 0 a 
The mass produced is lixiviated with water and 
filtered. fYom this aluminate the hydroxide is 
precipitated by carbon dioxide with formation 
of sodium carbonate : — 

Al,(NaO),-t-3COa+3HjO=Ala(OH)e4 3Na3CO* 
The hydroxide is usually made into aluminium 
sulphate by solution in sulphuric acid, or it i& 
converted into alum. 

An entirely different process has been intro 
duced by Sauerwein. The finely powdered cryolite 
is boiled with milk of lime forming aluminate as 

AliF.-6NaF+6CaO«Al2(NaO)e+6CaFa. 

For the conversion of the aluminate into oxide 


Sauerwein applies a peculiar property possessed 
by that salt, which shows the readiness with 
Which alumina loses its acid properties and apain 
becomes basic. Sodium aluminate, when mixed 
in equivalent proportions with any haloid salt of 
aluminium, is decomposed ; the sodium combines 
with the halogen, while the whole of the alumi- 
nium is precipitated as hydroxide. On the large 
scale the haloid salt used is cryolite. The finely 
powdered mineral is stirred into the clear liquid 
from the previous operation, and the alumina 
precipitated as hydroxide : — 


AUNa0).-fAlj|F.-6NaF4-6H20 

=!=2Al,(OH)e+12NaF. 


' Sodium aluminate is a white, infusible, 
amorphous solid, easUy soluble in both cold and 
hot water. The concentrated solution rapidly 
deposits alumina, leaving in solution a basic 
aluminate, which on evaporation is obtained as 
a fusible and hygroscopic mass. The addition 
of any acid at once decomposes it with precipita- 
tion of alumina. This alumina is pure and fm 
from alkali, which is never the case when alkaline 
precipitants have been used. It may be employ^ 
as a mordant in dyeing and calico-printing, in 


an aoid and not. as in the case of alum, an 
alkaline bath, for the production of takes the 
colouring matter is mixed with the aluminate 
solution and precipitated by the addition of sul- 
phurio acid. According to Morin these lakes 
are richer than those obtained from alum and are 
produced at about one half the cost. 

Potassium aluminate Al^O, or Alg(KO), 
is obtained in hard glistening crystals when 
alumina is fused with potash, the mass boiled 
in water and the solution evaporated in vaeud. 

Aluminium chloride A1|C3» This compound 
was first prepared in 1824 by Oersted, by pasBins 
chlorine over a mixture of alumina and charooiu 
heated to redness. The method and apparatus 
resemble that used in the preparation of the 
double chloride, omitting the vdiura chloride. 

According to P. Curie (Chem. Nows, 28, 307) 
it may be easily prepared as follows: — Anhy- 
drous alumina, or, loss satisfactorily, day, is 
strongly heated in a tube and subjeoted to a 
current of hydrochloric acid impregnated with 
carbon disulphide by bubbling through that 
liquid. Aluminium sulphide appears to be 
formed and at once decomj^sed by the hydro- 
chlorio aoid, yielding aluminium chloride and 
sulphuretted hydrogen. The condensed chloride 
may bo freed from sulphur by distillation with 
iron filings. 

A solution of the chloride may be obtained 
by dissolving the hydroxide in hydrochloric aoid. 

The pure anhydrous chloride is a white, waxy, 
crystalline solid ; in presence of a trace of iron 
it becomes yellowish. On heating, it volatilises 
without fusion. If largo pieces be quickly heated 
they fuse and boil at 180® to 186® (Liebig). It 
is very hygroscopic, and evolves hydrochlorio 
acid on exposure to the air ; is easily soluble in 
water; soluble in alcohol and ether. When 
deposited from a solution in hydrochlorio acid, 
it forms crystals of the formula AlsCl,,12HaO. 

It absorbs ammonia and combines with 
many metallic chlorides, forming double chlor- 
ides, the most important being that with sodium. 
Aluminium chloride has been recommended by 
Filsinger (Chem. Zentr. 10, 1270) for the preserva- 
tion of wood, and by Saget (Chom. News. 46, 113) 
and others (J. Soc. Chem. Ind. 1882, 185 and 
230) for the production of a discharge on indigo 
blue. An impure chloride containing calcium 
and sodium salts is stated to largely used as a 
disinfectant under the name * Chloralum.’ 

Double chloride of aluminium and sodium 
Al2Cl«,2NaCl. This compound may be pro- 
duced by fusing together the proper proportions 
of aluminium and sodium chlorides. It is a 
colourless crystalline solid, melting at 186* 
(Devillc) and volatilising at a red heat. It 
IS slightly hygroscopic, but much less so than 
aluminium cmorido; it* is also more stable 
and more satisfactory in use than that sub- 
stance, and gives up nearly the whole of its 
aluminium when reduced by sodium. 

Aluminium bromide Al^Br, is most readily 
prepared by the action of bromine on metallic 
aluminium. The action is violent, and the metal 
should only be added gradually. A lump of 
aluminium weighing twenty grams becomes 
strongly heated and even fused on being placed 
in cold bromine (Mallet, Phil. Trans. 171, 1018). 

It may also be prepared by the action of 
bromine on a strongly heated mixture of alumina 
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and carbon, and, in solution, by dissolving the 
hydroxide in hj^drobromio acid. It cxystaUises in 
colourless shining lanunse, which melt at 93* 
(Derille and Troost) and boil at 263*3* (at 747 
mm.) (Mallet). 

Like the chloride, it forms a double bromide, 

AltBrt,2KBr. 

Al uminium Iodide Algl« may be prepared by 
heating aluminium with iodine in a closed tube. 
It melts at about 185* (Weber) and boils at 
350* (Devillo and Troost) ; its vapour is com- 
bustible. It dissolves in water, alcohol, and 
carbon disulphide. 

Al uminium fluoride AlsF^, may be prepared 
by the action of gaseous silicon fluoride, or of 
hydrofluorjc acid upon aluminium. It forms 
transparent rhon* bohedra, volatile at a red heat, 
insoluble in water and unacted upon by acids. 
In solution in hydrofluoric acid, it app^rs to 
form the compound Al^F^'dHF, the acid cor* 
responding to the double fluoride of aluminium 
and sodium. 

Cryolite AljF^'BNaF. This important com- 
pound may bo prepared artificially, and attempts 
tuive been made to produce it as a substitute for 
the natural cryolite, it bemg claimed that 
the artificial cryolite possesses the advantage 
of being lighter and melting at a lower tem- 
perature (J. Soo. Chem. Ind. 1890, 945). In 
recent years, however, artificial cryolite has been 
put on the market which presents no essential 
oiflerence either in composition or properties 
from natural oi^oUto. Natural cryolite occurs in 
quantity only in one locality, in a largo vein in 
tne gneiss at Ivigtut in Greenland. Greenland 
ciyoUte has the following composition : A1 13*2, 
Na 32*7, F 54*2, and small quantities of silica. 
The melting-point of mixtures of cryolite and 
alumina is said to bo— 


Cryollle 

1000 

With 3 p.c. AljOfl . 
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,, 6 p.c. ,, , 

. 960' 
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„ 16 p.c. „ 

. 994' 

„ 20 p.c. „ 

. 1016' 


(Chem. Soc. Abst. 1907, 460 ; also Chem. Soc. 
Abet. 1913, 608). 

It is a semi-transparent, white, crystalline, 
brittle solid, which melts at the edges in a candle 
flame. Its hardness is 2*5 to 3 ; its sp.gr. 2*95, 
but 2*21 in the fused state. When impure it is 
frequently yellowish-rod or even black (u. 
Cryoutk). 

Cryolite is used as a flux in the manufacture 
of aluminium ; formerly for making salts of 
sodium and aluminium ; and for the manufac- 
ture of an opaque, porcelain- like glass. It is 
also used for enamelling pans and os a glaze for 
pots as replacing lead glaze. (See further, 
Benzon, Hoffmann’s Bcr. Entw. Chem. Ind. 
[1] 660).) 

Aluminium sulphide Al^Ss, may be prepared 
by strongly heating a mixture of aluminium 
and sulphur, or by heating alumina to bright 
redness in the vapour of carbon disulphide. 
It forms a yellow, glassy mass, which fuses 
at 1100*, and burns m am with production of 
alumina and sulphur dioxide. It may be 
purified by sublimation in a vacuum at 1100*- 
1250*, and then forms white needles resembling 
asbestos of sp.gr. 2 ’02 13®/13* (Biltz and Cas- 


pari, Zeitsch. anorg. Chem. 1911, 71, 182). It 
Is readily hydrolysed by water. Houdard 
(CoDtpt. rend. 1907, 801) found that by heating 
aluminium tum^s and sulphides of manganese 
iron .and ohromium in a carbon boat, sulphides 
related to the spinels are formed, of which he 
prepared 

MnS,AlaSa. FeS,AlaSs. CrS.AljS, 

Aluminium carbide may be obtained 
by the action of carbon or the oxides of carbon 
on alumina at very high temperatures, and often 
occurs in small quantity contaminated with 
nitride in the neighbourhood of the cathode 
of aluminium reduction furnaces in the form 
of a yellow powder; it is formed when a 
mixture of alumina and carbon is submitted 
to a current of 300 amperes at 65 volts. 
It possesses the remarkable property of being 
stable at high temperatures, and yet undergoing 
decomposition at a dull red heat. It reacts, 
though somewhat slowly, with water or dilute 
acids with the production of methane. The 
formation of carbide and ultimately its decom- 
position has been proposed os a means of pre- 
paring alumina from clay or other crude materials. 
Pring (Chem. Soc. Trans. *^1905, 1630) found 
that up to 1400° 0. the carbide acts as a reducing 
agent on metallic oxides, 

Al^Cg-f 12M0==2Al208+3C0i,+ 12M 
but at higher temperatures alloys of aluminium 
and the metal are produced, only carbon being 
oxidised, 

Al4C3+3CuO=:Al4Cu,+30O 

owing to the fact that alumina can be reduced 
by carbon at very high temperatures ; at lower 
temperatures the aluminium is Oxidised by 
carbomc oxide as observed by Moissan, 

6Al-f3C0=Al4C3+Al,03 
the reaction being reversed at the higher tom* 
peraturos. 

Alamlnlam solphate A],03(S0,)a,18H,0 or 
Al2(S04)3,18H30. Aluminium sulphate ooours 
naturally in oonsiderable quantities. As the 
hydrated salt of the above composition, it 
forms the chief constituent of the mineral 
alut^en, halotrichite, feather alum, or hair aaU, 
which is found in volcanic districts, at Bilin in 
Bohemia, Copiapo in Chile, &o. It also occar.^ 
in pyritio shale. A sample of feather alum from 
.Friesdorf, Bonn, was found by Hose to contain 
AlgO, 14*9 p.c., SOj 37*4 p.c,, FeO 2*5 p.c., 
H|0 45*2 p.o., with traces of K, Na, Mg, and 
SiOa- 

AluminiU or wehaierite, a hydrated basic salt 
of the composition Al30sS03,9H30, has been 
found at Auteuil, Halle, Muhihausen, Ac. 

In combination with potassium sulphate, the 
basio salt occurs also in alunite, alumatone, or 
alum rock K2S04,3Al30,(S03),6H30, a mineral 
which is found in large (mantities at La Tolfa 
near Oivita Veoohia, in Hungary, at Pi^-de- 
Sanoy and Madnab in Auvergne, Now South 
Wales, Kyoquot Sound (Canada), and in many 
other localities, lb usually oocurs in fibrous 
oompaot masses in trachyte, of colour varying 
from white to red or brown, being produced bv 
the action of sulphurous gases upon traohytki 
rooks rich in felspar. 

The alunite from La Tolfa contalna from 
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85 p.o. to 17*6 p.o. alumina; the average 
oompoaition of the mineral is A1|0. 27*6 p.o., 
SO, 29*74 p.c., K,0 7*55 p.o.» FogO, l*2lp.o., 
SiO, 22*7 p. 0 ., HgO 11*2 p.o. 

Aluminium sulphate may be produced by 
dissolving either the hydrated oxide or the 
silicate in sulphuric acid. Of the raw materials 
available for its manufacture, the two which 
are of the greatest imTOrtanoe at the present 
time are china clay (kaolin) and bauxite. China 
clay is a very pure variety of clay, resulting 
from the natural 'decomposition of felspar, and 
approximating in com^sition to the formula 
AigOs»2SiOg,2HgO. It is of comparatively rare 
occurrence, being found chiefly in Devon and 
Cornwall in England ; at St. Yrieix near 
Limoges, and in the departments of Allier, 
Puy-de>I)ome, and Brittany, in France ; at 
Seuitz in Saxony ; and at Nassau in Bavaria. 

]fouxite is an impure sluminium hydroxide 
A1.0g,2H^0, containmg widely varying quan- 
tities of silioa and feme oxide. It is found in 
Ireland, in the south of France, and in Austria, 
Calabria, Senegal, &c. (v. Bauxite). 

The composition of typical commercial grades 
of the two minerals is given in the following 
table, the analyses having been made on 
material dried at* 100®: — 



China clay 

Bauxite 

Source 

1 

00 

St.AustelJ 

1 

Antrim 

France 

A1,0, 

40*16 

41*10 

41*08 

64*18 

FooO, 

0*36 

0*20 

3*21 

3*47 

si6, 

TiO, 

46*00 

46*20 

j33-17 

18*96 

K,0+Na,0 

0*80 

trace 

— 

— 

H,0(oomb.) 

13*70 

12*60 

22*54 

13*39 

Total 

100*00 

100*00 

100*00 

100*00 


Production of aluminium sulphate from china 
day . — At the present time the manufacture of 
aluminium sulphate from china clay is carried ; 
out on an extensive scale by a process based 
upon the original patent of Fochin (Fat. 1865, 
14656). The clay, containii^ about 40 p.o. 
alumina, is obtained from Cornwall, ana is 
selected as free as possible from grit and oxide 
of iron. It is reduced by miUing and sifting 
to the finest possible state of division, and after 
a preliminary drying by exposure to a warm 
atmosphere, is calcined at a dull-red heat in a ' 
reverberatory furnace. I’he furnace is provided 
with three working doors, the material being 
introduced by the door which is most remote 
from the firegrate, and gradually raked forward 
until it reaches the hottest part of the hearth. 
During the calcination the clay suffers a loss in 
weight amounting to from 20 to 25 p.c., due to the 
expulsion of the w'hole of the moisture present 
(10 to 16 p.c.) and of the greater part 'Of the 
water of hydration. 

The calcined clay, which still contains about 
3 p. 0 . of water, is transferred by means of iron 
tubs to a lead-lined wooden vat containing 
the requisite quantity of sulphuric acid, heated 
to a temperature of 85®, and having a strength 


at this temperature of 96®Tw« A vigorous 
reaction immediately takes place, and after the 
lapse of 15 minutes, during which period the 
contents of the vat are kept well amtated, the 
product is run into lead-lined woodm waggons 
(with removable sides), in which the reaction 
continues for a considerable time and the pasty 
mass gradually solidifies. Finally the solid 
block is brought imder a heavy mechanical knife, 
and by a combined cutting and crushing action 
is reduced to the state of a coarse powder. 

The product, which is brought on the market 
under the name of * alum cake,* contains the 
whole of the silica, iron, and other impurities 
present in the clay, its average composition 
being : Al^Os (soluble) 12*25 to 13*0 p.c., 
Fe*Oa 0*12 to 0*22 p.o. ; comhmod SO, 29*5 to 
31*8 p.c., free SO, 0*4 to 1^ p.c.; insoluble 
matter 20*0 to 26*5 p c. 

About -60 p.c. of the alumina present in the 
china clay is converted into sulphate. 

The commercial ' white sulphate of alumina * 
is prepared from alum cake in the following 
manner: The coarsely crushed alum cske is 
lixiviated with water (or with weak liquors from 
previous extractions) in lead-lined vats heated by 
live steam ; after settling, the clear solution is 
decanted by means of a hinged pipe, and run 
into lead-lined evaporators, heated by steam 
coils, where it is concentrated to a strength of 
112®1V. at the boiling-point (about 116*). 
The syrupy liquid is then run into a series of 
shallow tiled troughs, where it solidifies on 
cooling. Before solidification occurs, a number 
of leaden partitions are inserted in the troughs, 
and the product is thus obtained in the form of 
rectangular blocks of uniform size (24" X 9" X 6"). 
‘ White sulphate of alumina,* prepared by the 
above process, contains on an average about 
14 p.o. of alumina and 0*25 p.o. of ferric oxide, 
and is practically free from insoluble matter. 

I Another grade of the material is prepared 
containing 17*5 p.o. alumina. 

I Preparation of aluminium sulphate from 
bauxite . — The substitution of bauxite for china 
clay in the manufacture of aluminium sulphate 
was proposed by Lechatelier in 1858, and its 
treatment forms the subject-matter of numerous 
patents. Bauxite has the advantage over china 
clay that it is more readily soluble in acid, and 
needs no preliminary cremation, the chief 
drawback to its use being the presence of a 
comparatively large amount of iron. 

The treatment of bauxite for the preparation 
of ‘ alumino-ferric cake,* as patented by Messrs. 
F. and F. M. Spence (1875), is as follows : — The 
mineral is digested with dilute sulphuric acid 
with the aid of steam until the acid is neu- 
tralised; the insoluble matter allowed to sub- 
side, and the solution evaporated to 116®Tw. 
and run into shallow-partitioned lead coolers. 
It there solidifies, and is removed in blocks 
18 or 20 inches square, each weighing about 
1 owt. It is yellowish-green in colour, con- 
tains much alumina, and a small proportion 
of iron and free acid. It is used in the prepa- 
ration of all but the finest papers, in the pre- 
cipitation of sewage and refuse liquids, and in 
the clarification and decolourisation of water 
supplies. The following analysis shows its 
general composition: ^,0, 14*26 p.o. (corre- 
sponding to Ai, 0,380,47 *61 p.c.),Fe ,03 0*28 p.o., 
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FeO 0*32 p.o.« SO^ (oombined) 35*36 p.c,, SO« Condy, in 1877f proposed the reduotioa at 
(free) 0*46 p.o. Insoluble 0*06 p.o. the iron by reduoing a^nts, or its conversion 

The oommeroial sulphate of alumina which into Wphide by sulphuretted hydrogen, and 
is sold under the names of * concentrated alum * the removal of we metal or sulphide By dilute 
and * alferite,’ resembles alumino-ferric in com- acid. The proportion of iron may thus be re« 
position, and is prepared by a similar pn>oess. duced to one-third. 

liie following details concerning its manu- Weismann suggrated the precipitation of 
facture will serve to exemplify modern prac- the iron from aluminium sulphate liquors by 
tice. means of potassium ferrocyanide. The method 

As raw material, it is usual to employ a mix- is by no means satisfactory, as the precipitate 
ture of Irish and French bauxites, reduced by contains much alumina and subsides very 
means of disintegrators to the state of a coarse slowly. 

powder. The powdered mineral is conveyed by Kynaston precipitates the bulk of the iron 
means of an elevator to a lead-lined vat contain- as ferric arsenite, removing the last portions 
ins sulphuric acid, heated to its boiling-point with calcium ferrocyanide, followed by the 
(about 12£|,*), and having a strength, at this addition of copper or zinc sulphate, 
temperature, of»’70°Tw. The mixture of acid According to Fahlberg and Semper (Eng. 
and bauxite is boiled vigorously for 6 hours, Pat. 1881, 6679), both ferrous and' ferric salts 
after which it is diluted with weak liquors to may be precipitated from aluminium sulphate 
70*Tw. (measured at the boiling-point) and by agitation in the cold for about thirty minutes 
allowed to settle. The clear liquor is decanted with load peroxide, ferrous salts being first 
and evaporated in lead-lined vessels until its oxidised and then precipitated. Ko lead passes 
density reaches 112^Tw. (boiling). It is then into solution unless chlorides be present. The 
run into partitioned coolers where it solidifies, composition of the precipitate is not known, but 
forming blocks or slabs, containing on an average the peroxide may be regenerated by di^stion in 
13*8 p.c. alumina, 0*7 p.o. ferric oxide, and 0*1 cold nitric acid. P. and F. )([. Spence (Eng. Pat. 
p.o. insoluble matter. 1882, 3835) use manganese dioxide for the 

If French bauxite be used alone in the above same purpose. In presence of reducing agents 
process, great difficulty is experienced in the such as ferrous salts, &c., manganese passes 
clarification of the liquor ; with a mixture of into solution, and requires to be reprecipitatod 
Irish and French bauxites, however, rapid by addition of chlorine or a hypochlorite, 
settling occurs, and a perfectly clear liquor is The use of metantimonic acid and meta- 
readily obtained. It is of importance also, in stannic acid (Hood and Salamon) has also been 
this connection, that the liquor should retain a proposed for the precipitation of iron. The iron 
small amount of free acid, as the fully neutralised is first oxidised by the addition of bleaching 
solution settles very slowly. lK>wdcr, and the liquid is neutralised with chalk 

Sulphate of alumina prepared by any of and agitated with the precipitant. Both sub- 
the above proccs.ses always contains appreciable stances may be regenerated by digesting the 
quantities of iron, and tho removal of this precipitate with sulphuric acid, 
impurity is a problem of considerable impor- According to H. Spence, W. B. Llewellyn, 
tance, and one which has received the attention and P. Spence and Son.s (Eng. Pats. 23030, 1904 ; 
of many chemists. Numerous processes have 380.5, 1912 ; 9148, 1914), tho crude liquor, which 
been devised for the purpose, but it is doubt- must be basic and have all the iron in the ferric 
ful if any of (hose is satisfactory in works* state, is treated with potassium sulphate and 
practice. agitated for several hours at from 60** to 80° 

Newiands (Eng. Pat. 1880, 5287) evaporates until most of the iron is precipitated as insoluble 
a crude solution of the sulphate to a density of basic ferric sulphate. J. Boulton (Eng. Pat. 
67®Tw. (at 200°F.) and cools for twenty -four 20227, 1914) proposes to neutralise the free acid 
hours in leaden tanks. in and remove iron and other impurities from 

About 60 p.c. of the sulphate thus crystallises crude aluminium sulphate by immersing in the 
out. The liquid is drained off, and the residue liquor a framework of magnetised steel wire 
pumped or forced into lead -lined filter presses, with cross wires of copper holding zinc rods in 
the plates of which are covered with thick felt, suspension. The process is carried out for six 
and separated by metal rings. Hero it is sub- hours at 38°. 

jected to a pressure of about 200 lbs. to the (For further information regarding these pro- 
square inch. 3’ho hard cake so produced cesses, see Beveridge, J. Soc. Chem. Ind, 1886, 
contains about 67 p.c. of the total aluminium 16-22; B. E. R. Newiands, ibid. 1882, 124; 
sulphate, and 0*05 to 0*1 p.c. of iron. 'Ihc Kynaston, Chem. News, 40, 191 and 202.) 
mother liquor, evaporated and similarly treated. Most of the above-mentioned processes for 
yields a second and third crop of crystals the purification of aluminium sulphate from iron 
containing increasing quantities of iron. possess little or no commercial significance at 

Chadwick and Kynaston have patented a the present time. ‘Pure aluminium sulphate’ 
method for the removal of iron from bauxite is prepared directly from pure alumina, which is 
before converting tho latter into aluminium obtained from French red bauxite by the 
sulphate. The powdered mineral is mixed to a * alkali fusion ’ process. The bauxite, after a 
thick cream with water, and treated with 5 to preliminary roasting, is reduced to a fine powder, 
10 p.o. of oxalic acid and sufficient hydrochloric and mixed with soda ash in such proportions 
acid to prevent the formation of insoluble that for every molecule of AljOg present there 
oxalates. After seven to ten days the mass is are 1 to 1*5 molecules of Na.O. The mixture 
washed, and a large proportion of the iron is strongly heated in a reverberatory furnace, 
(together with some or the alumina) is thus with frequent stirring, for a period of five hours, 
removed as oxalate. Carbon dioxide is evolved and the alumina 
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and ferric oxide are converted into sodium 
aluminate and sodium ferrite respectively. 
The mass is lixiviated by successive extracttons, 
first with weak liquor from previous batches, 
and finally with pure water. The sodium 
aluminate dissolves as such, whilst the sodium 
ferrite is decomposed, forming insoluble feme 
oxide which remains in the exhausted residue, 
and caustic soda which passes into solution. 
The clear liquor is run into a boiler and saturated 
with carbon dioxide produced by the combus* 
tion of coke or by the decomposition of limestone. 
During the passage of the gas the contents of 
the boiler are neated to 70° C. and kept thoroughly 
stirred by means of an agitator. When the 
precipitation of the alumina is complete, the 
liquid is allowed to settle and the clear liquor 
decanted and concentrated for the recovery of 
the dissolved sodium carbonate, whilst the 
alumina is drained in a hydro-extractor. 

A cheaper process for obtaining the alumina 
from the sodium aluminate has been devised by 
liayer, as already described. 

The alumina prepared by either of the above 
processes yields by treatment with sulphuric 
acid, a very pure quality of aluminium sulphate. 
Two grades of the laCter are commonly prepared 
for the English market — the one, sold in the 
form of slaos or blocks, contains 14*0 p.c. of 
alumina and 0*0025 p.c. of feme oxide, the 
other, sold in powder, contains 17*0-18*0 p.c. 
of alumina and 0*0040 p.c. of ferric oxide. 

Aluminium sulphate crystallises with diffi- 
culty in thin, six-sided nacreous plates, con* 
taining 18 molecules of water and having a 
density of 1*6913 at 17® C. (Dewar), The 
following table of solubilities is given by Poggiale 
(Ann. Chira. Phys. [3J 8, 467) for the crystnlbno 
and anhydrous salts : — 


Temp. °C. 

Solubility In 100 parts of water 

A1,(S04)3 

Al 2 (S 04 )s.l 8 H 20 

0 

31-3 

86-8 

10 

33-6 

95 8 

20 

361 

107*3 

30 

40-4 

127*6 

40 

45-7 

107*6 

60 - 

621 

201-4 

60 

69*1 

262-6 

70 

G6-2 

348-2 

80 

731 

467-3 

* 90 

80-8 

678-8 

100 

89-1 

1132-0 


The addition of alcohol, in which aluminium 
sulphate b almost insoluble, to aqueous solutions 
of aluminium sulphate, facilitates the crystaUi- 
sation of the salt (Pei^o/). 

When heated, aluminium sulphate melts in 
its water of crystallisation, swells up, and gradu- 
al! v forms a white porous mass of the anhydrous 
sulphate, which omy dissolves slowly in water. 
At a red heat oxides of sulphur are expelled 
and a residue of pure alumina remains. 

Aluminium sulphate combines readily with 
the sulphates of the alkali metals, forning 
crystalline double sulphates, known as alums, 
which are, as a rule, considerably less soluble 
than aluminium sulphate itself. According to 


Reuss (Ber. 17, 2888), the addition of 1 p.c. of 
tassium sulphate to a solution containing 
p.c. or upwards of aluminium sulphate, at 
once produces a c^stalline precipitate of alum. 

The general industrial uses of aluminium 
sulphate are the same as those of ordinary 
alum. It is largely used in paper-making, water 
purification, and in the preparation of red liquor 
as a mordant. The coarser preparations are 
employed for the precipitation of sewage. 

Karl Reuss (Ber. 17, 2888) gives the densitv 
of solutions of pure anhydrous aluminium sul- 
phate as follows : — 


Per- 

Density at j 

Per- 

Density at 

centage 

irc. 

1 centage 

lO^C. 

* 

1 

1-017 

14 

1-1407 

2 

1-027 

16 

1-1674 

3 

1-037 

16 

* 1-1668 

4 

1-047 

17 

1-1770 

6 

1 -on 09 

18 

1-1876 

6 

1-0070 

19 

1-1971 

7 

1-0768 

20 

1-2074 

8 

1 0870 

21 

1-2168 

9 

1-0968 

22 

1-2274 

10 

1-1071 

23 

1 -2376 

11 

1.1171 

24 

1-2473 

12 

1-1270 

25 

1-2672 

13 

M369 


ft 



Per- 

centage 

Density at 
26‘’C. 

Density at 

36 'C. 

Density at 

5 

1-0603 

1-0460 

1-0366 

10 

1-1022 

1-0960 

1-0860 

15 

1-1622 

1-1400 

1-1346 

20 

1-2004 

1-1920 

1-1801 

26 

1-2483 

1-2407 

1-2295 


For further particulars regarding the manu- 
facture of aluminium sulphate, see The Mineral 
Industry, iii. 25; and Manufacture of Alum 
and other Salts of Alumina, by L. Geschwind, 
Scott, Greenwood and Co., London. 

The production oi aluminium sulphate, alum 
cake, alums and other aluminium compounds 
is carried out in large quantities in the United 
States. The total output of these products in 
1912 approached 160,000 tons, and rose steadily 
to 296,000 tons in 1917. 

For the detection of free acid in aluminium 
sulphate, a dilute solution of Congo red is 
useiul, becoming blue in presence of free acid, 
but is not affected by the pure salt. 

For the estimation of the free acid, a weighed 
quantity (20 to 60 grams) of the sample is dis- 
solved in 40 to 100 c.c. of water, the solution 
heated to boiling, and titrated with normal 
caustic soda until a drop of the liquid, taken out 
with a glass rod, fails to yield a blue colour when 
mixed with six drops of Congo red solution 
(prepared by dissolving 0*067 gram of Congo 
red in 100 c.c. of boiling water and diluting to a 
litre). The presence of iron salts interferes with 
this method as ferric sulphate, for example, 
reacts acid towards Congo red. 

T. J. 1. Craig (J. Soc. Chom. Ind. 1911, 184) 
proposes to determine the free acid in aluminium 
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■nlphate by treating the latter with excess of 
neutral potassium fluoride, whereby the double 
salt AlFa'SKF is formed together with potassi u m 
sulphate. As these products are neutral to 
phenolphthaloYn, the free acid present may be 
directly titrated with a standard solution of 
potassium hydroxide. 

Iron, in the ferrous condition, is estimated 
by titration with deciiiormal potassium per; 
manganate, and total iron by means of standard 
titonous chloride solution (v. I^necht and 
Hibbert, Now Reduction Methods in Volumetric 
Analysis ; and Ber. 1903, 1650). If the quantity 
of iron present be very small, it is determined 
colorimetrically (v. Alums). 

Several basic aluminium sulphates have Iieen 
prepared. The^ompound Alt0„2S08,l2H,0 is 
obtfdned by heating a solution of aluminium 
sulphate with zinc, or by dissolving in it the 
calculated quantity of aluminium hydrate. 
Spence and Sons, Limited (D. K. P. 1003, 
lo7419), prepared a basic sulphate of similar 
composition by heating sulphuric acid under 
pressure with 16 to 30 p.c. more alumina than 
IS required for the formation of the normal salt. 
The solution is then treated with sufficient clialk 
or lime to raise the basicity by 20 to 28 p.c. 
The strongly basic solution is rapidly filtered and 
concentrated in vacuS until its density reaches 
1*46. On cooling with agitation, a magma of 
crystals is formed and is separated by suit- 
able means from the mother-liquor which 
contains normal aluminium sulphate (cf. 
also Eng. Pat. 1902, 26683, and Er. Pat. 1903, 
331836). 

Aluminium sulphite Ala08(S08)8. 

The bisulphite has been used by Becker 
(Uingl. poly. J. 267, 300), Suohomel (J. Soc. 
Chem. Ind. 1887, 143) and others, for the purifi- 
cation of boot sugars. Becker prepares for this 
purpose a solution of sp.gr. 1*167 containing 4*37 
p.o. alumina and 13*9 p.c. sulphurous oxide, by 
dissolving the hydrated oxide in sulphurous acid. 

Aluminium phosphates. As hydrated phos- 
phate, aluminium occurs in tlio turquoise, and 
enters into the composition of wauellite, lazu- 
lUe and gthhsite. It is found in considerable 
quantity in mineral phosphates, as in the 
Kedonda phosphates which nave been used for 
the preparation of alum and for fertilisers (v. 
Alums; Manuakh). A massive stony variety 
U found on the island of Anguilla in the West 
Indies. 

Aluminium thiocyanate or sulphooyanate 

has been proposed as a substitute for aluminium 
acetate for alizarin, steam reds, &o. ; the colours 
produced are said to be especially permanent 
(V. Storch ond Strobol, Uingl. poly. J. 241, 464 ; 
and Gottlieb Stein, Uingl. poly. J. 260, 36). 

Lauber and ilaussmann (Uingl. poly. J. 246, 
306) recommend the following method of prepara- 
tion : 5 kilos aluminium sulphate are mssolvcd 
in 5 litres boiling water, 260 grams of chalk are 
added, followed by 11*5 litres of crude calcium 
thiocyanate solution of 30° Tw., and the whole 
well stirred and allowed to settle. The clear 
liquid is ready for use. 

Aluminium permanganate v , Manqanissi;. 

Aluminium silicates. These compounds are ! 
exceedingly numerous and important. As an : 
anhydrous silicate, with silicate of iron, calcium, 
magnesium, Ac., aluminium occurs in the 


varieties of garnet, crystallising in the regular 
system. As silicate ox aluminium, calcium, and 
it is found in lapis-lazvJi, which was 
formerly used as vJtramarine. It is now re- 
placed by artificial ultramarine (v.Ultbamarine). 
As silicate of aluminium, combined with 
potassium, iron, and magnesium, it oocuis in 
the micas. As double silicate of aluimnium, 
potassium, sodium, magnesium, or calcium, it 
forms the varieties of felspar which occur in 
immense quantities in eruptive rocks. By the 
decomposition of felspar by the carbonic acid in 
the atmosphere and m rain or spring water, the 
alkaline compounds are removed, leaving kaolin 
or clay of more or less punty {y. Clay), which, 
under pressure, becomes narden^ and laminated, 
forming sliale, and finally slate {q.v.). Many of 
the silicates of aluminium are of great impor- 
tance, and of the widest application. The more 
important of them are specially considered under 
their applications {v. Po'rxEKY ; Pobcklain). 

Aluminium acetate. Red liquor (t?. Ahimi- 
mum acetates, art. AuKTir acid). 

Aluminium ethoxide is prepared by treating 
anhydrous alcohol with aluminium in presence 
of a small quantity of mercuric chloride (as a 
catalyst) and iodine or alkyl haloids. The 
mixture is distilled under reduced pressure when 
a cHstillato free from mercury is obtained 
(Farbwerko vorm. Meister Lucius and Briining, 
U. R. P. 280596; J. Soo. Chem. Ind. 1915, 
34, 1168). 

Aluminium oleate is a soft white, putty-like 
substance, of great tenacity, insoluble in water, 
soluble in ether and petroleum. A mixture of 


soluble in ether and petroleum. A mixture of 
oleate, palmitato, and other fatty salts is pro- 
duced from whale, cotton-seed, and similar 
oils by saponification with soda and addition 
of the sodium salt so produced to a solution of 
alum. The gummy precipitate is known as ‘ oil 
pulp,’ and is dissolved in 4 or 5 parts of mineral 
oil to form a ‘ thickener ’ for addition to the 
lubricator. A sample of oil pulp resembling 
thick gelatin had a sp.gr. of 0*921, and contained 
6 p.c. alumina combined with 30 p.o. fatty acids, 
together with 15 p.c. lard oil, and 48 p.c. paraflin 
oil (Oil and Colourman’s Joum. 4, 403). 

Aluminium palmltate is a constituent of oil 
pulp. It may be prepared in the same manner 
as the oleate, from palm oil. It forms a resinous, 
elastic, inodorous, neutral substance, insoluble 
in water, but readily soluble in petroleum and 
turpentine. K. Lieber (Uingl. poly. J. 246, 166) 

I recommends the use of the latter solution as a 
varnish. It imparts a glossy appearance to 
paper, leather, &c., and renders them waterproof 
without affecting their elasticity. 

The compounds of aluminium with the higher 
fatty acids are used for increasing the viscosity 
of mineral lubricati^ oils, under the names 
* oil pulp ’ and * fluid gelatin ’ (L. Marquardt, 
Zeitsch. anal. Chem. 26, 169). G. H. B. 

ALUMINIUM BRONZE v. Aluminium. 

ALUMINIUM FOIL AND POWDER, Manu. 
facture of. The following is an account of the 
processes conducted at La Praz and Charleyille- 
sur-Audelle bv the Sooi6t6 fran^aise de Couleuis 
me'talliques, for the manufacture of aluminium 


metamqi 

foil and powder. In the manufacture of alumi- 
nium fou the metal, delivered to the works in 
the form of ingots, 700 x 320 x 120 mm. (oast at 
760M76° C.) w first hot-roUed at 420° C. to a 


In the manufacture of alumi- 
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thiokiWiiiB of 3*6 m. and then cut into strips 
8 cm. wide, which, after being annealed at; 
420° C., are oold-rollMl to 0*04 mm. in six slices, 
further reduction in thickness being tnen 
effected by continued roiling or by hammering. 
In the former case the metal bands are first 
greased, then rolled in pairs to 0’02 mm., and 
subsequently in fours to the desired thickness 
of 0*01 mm., the foil thus being obtained in 
lengths of about 16 m. In the latter case, the 
bands are made into packets of 500 each and 
^aten by pneumatic hammers, each packet 
being placecf between two thin ^eots oi zinc ; 
when tne thickness of the metal reaches 0‘03 mm. 
the packets are hammered in pairs to 0*02 mm., 
and then in fours to 0*01 mm. The wastaco in 
either case is very considerable, only i^out 
33-35 p.c. of the 0*04 mm. metal employed 
being obtained as good foil, one square incli of 
which weighs about 27 grams ; the waste foil 
is used for the production of aluminium powder. 
Before being nnally trimmed and cut to size, 
the sheets of foil are either mechanically sepa- 
rated, or embossed by means of suitable rolls, 
since — ^in the absence of the layers of air thus 
introduced between the sheets — the metal is 
liable to become autogenously soldered at the 
out edges. In the manufacture of aluminium 
powder it has been found necessary to employ 
the foil as the raw material, the powder yielded 
by other forms of the metal being of too granular 
a character for use in the preparation of paint. 
The comminution of the foil is conducted in a 
series of stamp mills, in each of which the closed 
mortar-box is provided with a circle of twelve 
stamps actuated from a central shaft, to the 
lower end of which a scraper or plough is 
attached. Caking of the metal is prevented by 
the scraper, which also causes the charge to 
be periodically thrown against the screen 
insei^d in the side of the mortar ; the screen is 
provided with an exterior sli^ng box for 
collecting the metal passing through. After 
further classiheation, the finer portion of this 
product is mixed with^ about 2 p.c. of stcarino 
(to prevent agglomeration and autogenous 
soldering of the particles during the fine grind- 
ing) and passed to a second series of stamp mills, 
the product from which is screened through silk 
bolting cloth (No. 200). The powder passing 
through the latter is then classified by a kina 
of winnowing process in ‘elevators,’ each com- 
prising a vertical brass cylinder, 2 m. high 
and 0*80 m. in diameter, in which a central 
vertical spindle — to which horizontal wings or 
paddles are attached — ^is adapted to rotate, and 
provided with receptacles arranged at different 
leveb upon a helical rail attached to the inner 
wall. The powder is fed through a tube into 
the lower part of the cylinder, the rotation of 
the spindle being so adjusted that the lighter 
particles or flakes become suspended in the air, 
and are deposited in the peripheral receptacles 
at levels corresponding to their weight and 
physical condition ; the coarser particles re- 
maining at the bottom of the cylinder are re- 
turned to the fine-grindiim mills. The product 
from the ‘ elevators ’ is mially treated for ten 
hours in polishing machines, consisting of 
horizontal, rotatory cylinders ^ striated steel, 
4*20 m. long and 0*60 m. in diameter. The 
poUshing of the metallic powder is effected by 


means of brushes attached to the axis and 
bearing upon the interior wall of the cylinder 
through tne whole of its length. Since condi- 
tions favourable to ignition or explosion are 
liable to be developed within the fine-grinding 
mills, elevators and polishing machines, the 
various units are of relatively small capacity, 
and are so disposed, both in relation to each 
other and to the other portion of the works, as 
to localise any damage that may arise from this 
cause (Guillot, Rev. Met. 1912, 9, 147 ; J. Soo. 
Chem. Ind. 1912, 31, 330). 

ALUMNOLE. [C|oH 50 H(SO,),l,Al, Trade 
name for aluminium naphthol sulphonate. 
Produced by the action of aluminium 
sulphate on the barium salt of ^-naphthol 
disulphonio acid R. Use<C'» as an anti- 
septic. 

ALUMS, This generic name is given to on 
important group of double salts of the general 
typo R.S04,R'|08(S0a)s,24H|0, where B is a 
monovalent metal or basic radical such as 
potassium, sodium, ammonium, &c., and R^Oa 
IS a sesquioxide such os that of aluminium, iron, 
chromium, or manganese. They are all soluble 
in water, and crystallise therefrom with twenty- 
four molecules of water, in forms belonging 
to the regular system, usually ootahedra or 
cubes. 

The alums which contain the sesquioxide of 
alumina will alone be considered here, and of 
these the most important are the potassium, 
sodium, and ammonium compounds. 

‘Selenio alums’ have been prepared. In 
which sulphuric acid is replaced by selenic acid. 
Potassium alum, Poiaafh alum 

KgS04,Al808(S03)8,24Hg0. 

This salt is found in nature as kalinitef in the 
form of fibrous crystals or as an olflorescence on 
aluminous minerals, and occasiunally also in 
octahedra, at Whitby, Oampsio, Ac. In the 
Solfatara near Naples, and the islands of Volcano 
and Milo, it occurs in larger quantities, being 
formed by the action of vulcanic gases upon 
felspathic trachyte. 

Of greater importance is the mineral alunite 
or alumstonef which is a double salt of potassium 
sulphate and basic aluminium sulphate, having 
the composition K8S04,AL(S04)8,2Al8(0H)4 ; 
it is found at La Tolfa near Civita Vecchia ; at 
Montioni in the Duchy of Piombino ; at 
Mursaly, Mnnkact, and Tokay in Hunga^; in 
the islands of Milo, Argentine, and Nipoglio 
(Grecian Archipelago); at Puy-de-Sanoy and 
Madriat (Auvergne) ; at Samsoun in Asia 
Minor ; and in Australia. An ‘ alum mountain,” 
composed of this mineral, is reported to exist in 
C^ina, and is stated to be nearly 1900 feet high 
and to have a circumference at its base of about 
ten miles (U. S. Cons. Report, 1903). 

The manufacture of alum is of great an- 
tiquity. ^In the time of Pliny alum was in use 
as a mordant for the production of bright 
colours, and was even tested by means of the 
tannin in pomegranate juice to ascertain its 
purity. It was prepared in the thirteenth cen- 
tury at Smyrna from alum rock, and since the 
fifteenth century has been largely produced at 
La Tolfa from the same substance. 

Its preparation from pyritio shale has long 
been known, together with the fact that the 
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preienoe of an alkali was neoeiBaiy to induce { 
orystalliBation, but, unti^ proved in 1797 by 
Ubaptal and Vauquelin, the essential presence 
of alkali in the crystals was not recognised. 

Very pure alum is prepared in small quan- 
tities at Solfatara. The natural alum found there 
is digested with water in large wooden vats under 
cover, and% maintained at about 40* bjr the 
natural heat of the soil. The solution is de- 
canted and crystallised. A second crystallisation 
produces extremely pure alum. 

Productim of alum from alunite . — ^The pre- 
paration of alum from alunite is an industry 
which dates from very early times. Of Oriental 
origin, it appears to have been introduced into 
Kurope in the thirteenth century, and during 
the nfteenin oep)bury several alum works Vere 
established. Amongst these may be mentioned 
the celebrated works at La Tolfa near Civita 
Veochia, a district in which alum manufacture 
still ranks as an important industry. 

'rhe outlino of the La Tolfa process given 
below is of historical interest. The mineral, 
broken into lumps of moderate size, is calcined 
at a low red heat, either in heaps or in kilns. 
The operation requires to bo carefully performed, 
and is stopped as soon as the mineral begins to 
evolve acid fumes. The calcination occupies 
about six hours and results in a loss in weight 
amounting to about 33 p.c., chiefly due to the 
expulsion of water ; at the same time the basic 
sulphate is decomposed, yielding alum and in- 
soluble alumina. I'ho roasted mass is trans- 
ferred to brickwork bins and exposed to the 
air for several months, during which time it 
is ooeasionally moistened. The resulting sludge 
is lixiviated with water at 70^, and the clear 
decanted liquor concentrated. The crystals of 
alum which separate on cooling are cubic and 
have a reddish tinge owing to ilio presence of 
suspended ferric oxide ; this may be removed 
by recrystallisation. The amount of soluble iron 
present is stated to be less than 0*005 p.c. The 
product, known as Roman alum, was in former 
times highly valued on account of its great 
purity. 

In the modem process, employed on the 
Continent, the alunite is calcined at a higher 
temperature and the product treated with 
sulphuric acid, whereby aluminium sulphate is 
formed from the excess of alumina, and passes 
into solution together with the alum. The 
latter b either crystailbod out, and the more 
soluble aluminium sulphate recovered as such 
from the mother liquors, or sufficient potassium 
sulphate is added to convert the whole of the 
aluminium sulphate into alum. 

According to C. Schwartz (Ber. 17, 2887), 
the best temperature for the roasting is 500”, 
and the acid used should have a density between 
1*297 and 1-630. L Geschwind (Manufacture 
of Alum and the Sulphates of Alumina and 
Iron, 1901), however, states that in France a 
te/nperature of about 1000* is employed. 

Formerly, the greater portion of the alum 
manufacture in England was prepared from 
alum shale (alum ore), alum schist, and similar 
minerals, which occur in large quantities at 
Whitby in Yorkshire, Hurlet and Campsie in 
{Gotland, in Sweden, Norway, Belgium, and in 
several parts of Thuringia, Westphalia, Ac. 
These minerab are mixtures of aluminium 


silicate, iron pyrites, and bituminous substances ; 
the iron pyrites is principally present in the 
alnmfiaouB schists as a fine black powder, 
disseminated throughout the mass, and not 
dutinguishable to the eye. The rapid oxidation 
of these minerab under atmospheric influences 
or heat is due to this state of fine divbion. 

Aluminoua earths are dark brown, friable, 
porous masses without structure, and contain 
less silica than the schists. They usually occur 
in layers with lignite. 

Production of alum from dluminoua shale . — 
The more earthy shales are mrous, and if piled 
in heaps in the open air and occasionally mois- 
tened undergo spontaneous oxidation, with the 
formation of sulphates of iron and aluminium. 
Usually they require roasting, and when not 
sufficiently bituminous for combustion, are first 
mixed with fuel. 

The coarsely broken shale b built up with 
alternate layers of coal into heaps, which are 
ignited. As the mass burns, fresh (quantities of 
the mineral are added, until a sufficient mass of 
material has been accumulated. By pumping 
water over the surface at intervals the tempera- 
ture is regulated to a degree suitable for rendering 
the decomposition as complete as possible. Too 
high a temperature is to be avoided, as it 
results in the loss of sulphur dioxide and the 
formation of a slag. During the combustion 
of the shale the pyrites is decomposed, giving 
up a portion of its sulphur, which is converted 
by burning into sulphur dioxide, and this in 
conjunction with atmospheric oxygen attacks 
the clay, forming aluminium sulphate. The 
calcined mass is allowed to remain exposed to 
the air for a considerable period, during which 
a further absorption of oxygen takes place, 
resulting in the conversion of the lower sulphide 
of iron into ferrous sulphate and ferric oxi(i(*. 

Lixiviation . — Thb operation is carried out 
in large lead-lined boxes with perforated bottoms, 
the filtering bed being formed of timber toppecl 
with brushwood. A layer of the roasted mineral 
about 13 inches deep, is introduced ancl its 
extraction is effeotecl, first with t^e mother 
liquor from the alum crystallising pans, and later 
with pure water, the liquid in each case being 
loft overnight in contact with the material. 

The euausted mineral still contains a 
considerable amount of alumina and sulphuric 
acid. The liquors, which have a density of 
1*09 to 1*15, are run into settling tanks and 
allowed to deposit calcium sulphate, ferric oxide, 
and other suspended impurities, and are then 
removed for concentration. The method adopted 
for this purpose varies according to the nature 
of the mineral under treatment. In the case 
I of shales from Hurlet and Campsie the concen- 
tration is effected by surface evaporation in a 
reverberatory furnace. 

The bed is of stone, coated with well-rammed 
clay, 4 or 6 feet wide, 2 or 3 feet deep, 30 or 40 
feet long. It is filled to the brim with strong 
liquor, and the flame and hot air from the fire 
carried over it. As evaporation proceeds, more 
liquor b added until the proper concentration 
b reached. It is then run into leaden pn-na, 
concentrated to about 1*4 8p.gr. and conveyed 
to a precipitating cistern contaming the reouisite 
I quantity of dry potassium chloride ; the liquid 
is well agitatea and the chloride soon dissolves. 
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la about 5 d&ya the liquor it drained from the 
lazgeoiyatalB, which ere waahedandreoxyataUised. 

^e Whitby shales differ from thoii at 
Hurlet, in that they contain a considerable 
quantit^r of magnesia which passes into the 
ex^ct in the form of magnesium sulphate. In 
this case surface evaporation is not satisfactory 
on account of the formation of a crust of this 
salt which retards evaporation. The evapora- 
tion of the liquor is carried out, therefore, in 
leaden vessels, until a 8p.gr. of 1*1 26 to 1*137 is 
reached, after which the solution is allowed to 
stand until clear. The concentration is con- 
tinued up to sp.gr. 1 *25, at which stage a sample 
of the liquor is withdra^vn and the percentage 
content of aluminium sulphate determined* 
After further evaporation to a density of 1*4 to 
1*5, the hot liquor is run into a precipitating 
tank and mixed with a saturated solution of 
the calculated quantity of potassium chloride 
or sulphate, the whole being kept in constant 
agitation to induce the formation of small 
crystals (alum meal). 

When much ferric sulphate is present in the 
solution, the addition of potassium sulphate 
would produce iron alum, isomorphous with ordi- 
nary alum, which would crystallise out and con- 
taminate the product. The use of potassium 
chloride prevents this, by producing the easily 
soluble ferric chloride, while ferrous salts are 
converted into the equally soluble ferrous 
chloride, an equivalent amount of potassium 
sulphate being formed at the same time. Chloride 
of potassium is generally employed in preference 
to the sulphate, whenever sufficient iron sulphate 
is present to supply the requisite amount of sul- 
phuric acid for the formation of alum ; its 
greater solubility is also in its favour. Too much 
chloride should be carefully avoided, for after 
the iron sulphates have been decomposed, the 
aluminium sulphate is itself attacked, with the 
production of the very soluble chloride, which 
IS lost. 

The alum meal, consisting of small brownish 
crystals, is drained and washed twice with cold 
water. The adhering mother liquor, containing 
much iron, is thus removed, and the meal is left 
nearly pure. The final purification is effected by 
dissolving in a minimum quantity of jailing 
water and allowing the solution to stand for 
about eight days in casks furnished with movable 
staves. At the end ot this period the staves 
are removed, and after two or three weeks 
further standing, the block of crysteds is pierced, 
the mother liquor drained off and employed for 
dissolving fresh quantities of meal. 

The mother liquor from the alum meal has a 
sp.gr. of about 1*4; it contains sulphate or 
chloride of iron, magnesium sulphate, &o., and 
will yield more alum on evaporation. In a final 
evaporation it yields ferrous sulphate in fine 
green crystals. When iron is present in large 
quantity, the liquors are evaporated and the 
ferrous sulphate crystallised out before the ad- 
dition of the potassium salt. In this case the 
iron salt is less pure and less soluble, but the 
alum subsequently produced contains less iron. 

Formerly, potassium alum was alone pro- 
duced. In 1845, however, the potassium sul- 
phate was replaced by the ammonium sidphate 
produced from the then waste liquors from gas 
works, yielding ammonium alum. This great 
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improvement was introduced by the late Peter 
Spence ; his method was soon generally adopted 
TOth in England and on the Continent. 

Another great advance was made by Spence 
in 1845 in the manufacture, by the treatment 
of the refuse shale underlying the coal-seams 
of South Lancashire. This shue contains from 
5 to 10 p.c. of carbonaceous matter. It is 
piled upon rows of loosely placed bricks (to 
allow a free passage to the air) in heaps 
4 or 5 feet high and 20 feet long. The com- 
bustion is star^ with a little fuel, but the shale 
contains sufficient combustible matter to con- 
tinue burning. The calcination is performed 
slowly at a heat below redness. In about 10 days 
the roasting is completed, and the material has 
become soft, porous, and ligh^«red,^whilst the 
alumina contained in it has become anhydrous 
and soluble in sulphuric acid. Too high a tem- 
perature, however, partially vitrifies it, in which 
case it is only slowly attacked by acid. Charges 
of 20 tons are placed in large covered pans 40 
feet long, 10 feet wide, ana 3 feet deep, lined 
with lead, and are digested for about 48 hours 
with sulphuric acid (of sp.gr. 1*35) at 110*, 
the temperature being maintained by fires be- 
neath the boilers. Formerly ammonia was forced 
into the liquid from a boiler containing gas 
liquor ; ammonium sulphate was thus produoed, 
with considerable rise of temperature, and com- 
bined with the aluminium sulphate forming am- 
monium alum. The solution of alum so pro- 
duced is run into cisterns 29 feet by 17 feet, and 
If feet deep, in which it is kept in constant 
agitation. In about 14 hours the small crystals 
so formed are drained, washed with some 
mother liquor from * block alum,* and dissolved 
by a process known as ‘rocking* for the pro- 
duotion of pure block alum. For this purpose 
they are introduced into a hopper, at the 
bottom of which they encounter a current of 
steam at a pressure of 20 lbs. per sq. inch, both 
hteam and crystals being supplied in suoh 
proportions that all the crystals are dissolved, 
while no steam is wasted. In this manner 4 
tons of crystals may be dissolved in 30 or 40 
minutes. The solution is run into a leaden tank, 
and, after a time, treated with a small quantity 
of size, which precipitates a quantity of insoluble 
matter. The clear liquid is next run into tubs 
about 6 feet high and 6 feet wide, tapering 
upwards, with movable lead-lined staves. After 
some days the staves are removed and a hole 
is bored in the mass of orvstals for the removal 
of the liquor. Each blooK weighs about 3 tons, 
while the mother liquor contains about 1 ton. 

To produce 1 ton of ammonium alum by 
this method on an average about 15 owts. of the 
shale is required. 

A great advantage of this piocess is the 
speed with which the crude material is con- 
verted into marketable alum. By the old pro- 
cess twelve months was required for this con- 
version, whilst by Spence’s process the whole 
operation is performed in one month. For this 
process Spence was awarded the medal for 
alum manufacture at the Exhibition of 1862, at 
which date ho manufactured 160 tons of alum 
weekly, over one-half the total production of 
England (v. Hofmann’s Report on Chemical 
Processes at the Exhibition of 1862, p. 62, and 
J. Carter Bell, Chem. News, 12, 2^*^ 



AlrfUJI&O. • 


Alum IB also produced the addition of 
potassium sulphate to aluminium sulphate, 
pared by any of the prooesMS already described. 
It is prciNired in great purity from the sulphate 
producea from cryolite ; 1 Ion of cryolite pro- 
duces 3 tons of alum {v. Sodium aluminate). 

Many other processes have been proposed 
and used for the preparation of alum. 

Bpence, in 1870 (Kng. Pat. 1676), patented a 
method of preparing alum from mineral phos- 
phates, especially that from Rodonda near 
Antigua, which contains 26*1 p.c. of alumina as. 
phosphate with ferric oxide and silica. It is 
calcined at a red heat to render it porous, 
powdered, and dij^ested with sulphuric acid of 
sp.ffr. 1*6 in quantity proportional to the amount 
of ^umina,^n len/1 -lined vessels, heated by steam. 
The liquid is concentrated to a density of 1*45, 
and treated with the requisite amount of potas- 
sium sulphate to convert the whole of the 
alumina into alum. Phosphate containing 20 
p.c. of alumina yields about 1} times its weight 
of alum, from which, however, the last traces 
of phosphoric acid are removed with difficulty. 
The phosphoric acid in the mother liquors is 
valuaole as a manure. 

Methods have frequently been proposed for 
the preparation of alum from felspar. Ordinary 
felspar contains both potassium and aluminium 
combined with silica in larger proportions than 
are contained in slum ; the problem to ho solved 
is the substitution of sulpburu; acid for silica. 
A method adopted by Turner, said to have been 
originated by iSprcngcl, consisted in the ignition 
of a mixture of one part of the powdered mineral 
with one part of potasNium bisuljihate until 
fused ; one part of sodium carbonate was then 
added, and the whole again fused. The mass 
was boiled with water and the iiisoluhlc double 
silicate remaining was decomposed by hot sul- 

f >hurio acid of sp.gr. 1 -20, and the alum crystai- 
ised out. On account of the high temperature 
required, this proco8.s was not successful. 

At the present time the bulk of the alum 
manufactured in England is prepared either 
from shale or aliiiute or from the aluminium 
sulphate derived from bauxite or cJuiia clay. 

For the more delicate dyes the alum used 
must be of extreme purity. Samples containing 
even less than O’OOl p.c. of iron may bo unsuit- 
able for certain purposes. The percentage of 
iron in alum or in aluminium sulphate is usually 
determined by nioans of a solution of ammonium 
thiocyanate standardised with iron alum. Many 
precautions are necessary in performing the 
analysis (i». Tat lock, .1. Soc. Chem. Jnd. 1887, 
276 ; (f. lounge, Mon. Soi. 1897, 160). 

Potash alum crystallises with 24 molecules 
of water, m crystals belonging, to the cubic 
system, usually in larg<* odourless uotabedra of 
sp.gr. 1-751 (Rotgers, Zcitsch. physikal. Chem. 
3, 289 : B. 1889, 148). 

De Roisbaudran has also obtained it crystal- 
lised with liemihedral faces of the tetrahedron. 
3'he crystalline form is affected by the presence 
of other substances in solution, and by the tem- 
perature. When formed at ordinary tempera- 
tures in the presence of basic alum, the crystals 
are cubes, frequently dull on the surface from 
the presence ot the "basic salt ; for this reason 
Roman alum usually forms cubes. At 40° C., 
even m presence of basic salts, octahedra are 
produced* 


Potash alum possesses the properly of 
crystallising with bydrqgen peroxide (Will* 
BtattfT, Bcr. 36, [1003] 1828). 

According to Poggiale (Ann. Chim. Phys. [3] 
8, 467), the solubility of potash alum ancf m 
ammonia alum is as follows : — 

100 parts water dissolve : 


*c. 

1 Crystallised 

1 Potash alum. 

1 Crystallised 

j Ammonia alum. 

0 

3*9 

6-2 

10 

0-6 

9*1 

20 

16-1 

13*6 

30 

22-0 

19*3 

40 

30-9 

27*3 

50 

44*1 

1 36*6 

60 

66*6 

•61*3 

70 

90-7 

72*0 

80 

134*6 

103*0 

‘)0 

209*3 

187*8 

100 

357-6 

421*9 


Conductivity determinations, made on alum 
^olutiuns of different concentration.s, indicate 
that even at moderate dilutions the alum is 
rc.solvcd into its component salts. 

Potash alum possesses a sweetish astrin- 
gent taste and a strongly acid reaction. The 
aqueous solution decomposes when heated with 
precipitation of a basic alum, especially when 
dilute. For this reason a small quantity, not 
sufficient to be distinguished by taste, is fre- 
quently added to impure water. The gelatinous 
precipitate carries with it the colouring matter 
and most of the organic impurities, producing a 
sUmv deposit. 

Alum is almost insoluble in a saturated solu- 
tion of aluminium sulphate, and is quite insoluble 
111 alcohol. On oxiiosuro to air, the crystals 
itocomo white on tno surface. This change is 
tlue, not to the loss of water, but to the absorp- 
tion of ammonia from the air, with formation of 
a basic salt. Below 30° C. they lose no water ; 
at 42° (J. they evolve 11 molecules (Juttka, 
(/hem. Zentr. 18, 777). In a closed vessel over 
sulphuric acid they lose 18 molecules at 61° 0. 
(Graham) and become slowly anhydrous at 
100° C., moH) rapidly in a current of air. Alum 
melts in its water of crystallisation at 92-6° C., 
and when heated to dull redness is converted 
into a porous friable mass, slowly soluble in 
water, known as ‘ burnt alum.* At a white 
heat alumina and potassium sulphate alone 
remain. 

When burnt alum is mixed with one-third 
its weight of carbon and heated to redness, the 
residue is spontaneously inflammable on account 
of the presence of finely divided potassium 
sulphide, and is known as Homberg*s pyro- 
phorus. By fusing alumina with potassinm 
oisulphate and digesting the mass in varm 
water, anhydrous potassium alum may bo 
obtained in crystals of which 6 parts are soluble 
in 100 of water at 10° C. and 74*5 parts at 
100° C. (Salm-Horstmar, J. pr. Chem. 62, 319). 

On the addition of caustic soda or sodium 
carbonate, to a solution of alum until the pre- 
cipitate at first produced is only just redisso^ed 
on agitation, t.e. when two-thiras of the acid has 
been neutralised, the solution contains a nentral 
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iNurio known as neidrol nthm, together 

with sodium sulphate. This solution, on ac- 
count of the ease with which it gives Ap its 
excess of alumina to the fabric, is used by dyers 
as a mordant. Commercial potash alum is 
frequently mixed with ammonia alum. 

Alum is extensively used as a mordant in 
the dyeing industries, and in the production of 
other aluminium mordants such as the acetate, 
sulphoacetate, &c., employed in dyeing and 
printing and for shower-proofing fabrics. The 
alum used for dyeing with alizarin red must 
be free from iron, otherwise dull shades are 
produced. It is also 'employed in the manu- 
facture of lake pigments, in the dressing of 
skins (‘ tawing *) to produce white leather, in 
sizing paper, and in the production of fire- 
proofing materials. In most of its applications, 
however, it is being replaced by aluminium 
sulphate, the use of which is considerably more 
economical. 

Sodium alum, Soda alum 

Na,S04.Al,03(S03)3.24Hj,0 

occurs as mendozite in S. America and in Japan 
(Divers, Chem. News, 44, 218). 

This alum was prepared by Zellner in 1810, 
by the spontaneous evaporation of a solution 
containing sodium and aluminium sulphates. 
Its existence, disputed by Ostwald, has been 
established by Wadinore (Chem. Soc. Proc. 
21, 150 ; C.-B. 1005, 11, 18), who from a solution 
of the mixed sulphates obtained octahedral 
crystals having the above comj)Osition. From 
a hot concentrated solution it is deposited on 
cooling as a pasty mass which slowly becomes 
crystalline. Contrary to the statement fre- 
quently made, the crystals do not appreciably 
effloresce in the air. 

Technically, soda alum may be prepared 
in the following manner ; — To a solution of 
aluminium sulphate containing (375 grams of 
the orystallme salt per litre, and maintained at 
a temperature of 60° C. to 00° C., is addqd a 
solution of sodium sulphate containing 140 
grams of the anhydrous salt per litre, until the 
liquid attains a density of 1 ’35 ; crystals of 
soda alum separate on cooling. The crystallisa- 
tion should be effected at a temperature between 
10° C. and 26° C. ; at 28° C. the formation of 
ciystals proceeds very slowly, whilst below 
10° C. separation of sodium sulphate occurs 
(Aug^, D. R. P. 1899, 50323 ; J. 1890, 2G35). 

Messrs. F. M., D. D., and K. Spence (Eng. 
Pat. 1900, 5644) prepare a solution of sodium 
sulphate saturated at 40° C. to 60° C., which is 
allowed to cool during agitation until a consider- 
able proportion of decahydrated crystals have 
separated. The mixture of liquid and crystals 
is then run into a solution of aluminium sulphate 
containing the solid salt in suspension. There 
is thus (mtained a large crop of well-defined 
soda alum crystals. Alternatively, the solid 
aluminium sulphate may be added to a suitable 
solution of sodium sulphate or chloride, in which 
either salt may be suspended in the solid state. 

Soda alum is much more soluble at ordinary 
temperatures than potassium or ammonium 
alum, in consrauence of which it is more 
difficult to purify from iron. On account 6f 
the lower cost of sodium salts, it would be 
largely used in place of other and more ex- 


pensive alums, if it could be easily purified by 
crystallisation (see Eng. Pat. 1881, 6660), 

Soda alum orystulises with 24 molecules 
of water in regular octahedra, having a sp.gr. of 
1*667 (Soret). At 10*6° C. 100 parts of water 
dissolve 107*11 parts of the alum (Wadmore) ; 
according to Ure, the solution saturated at 
15‘5° 0. contains 110 parts of the alum in 100 
of water, and has a density of 1*290. Soda 
alum is insoluble in alcohol. 

Ammonium alum, Afnmonia alum 
(NH,),SO,MmO,(SOs)sMII,0 

occurs as Tschtrmigiie in Bohemia, and in the 
crater of Mount Etna. 

Its preparation is analogous to that of 
potash alum, a solution of Aluminium sul- 
phate, prepared by any of the methods already 
described, being treated with the equivalent 
quantity of ammonium sulphate, and the alum 
separated and purified by crystallisation. 

Ammonia alum crystallises with 24 mole- 
cules of water in regular octahedra, having a 
conchoidal fracture and a density of 1*631 
(Soret). At ordinary temperatures it is less 
soluble in water than potassium alum (v. Table 
of solubilities, under Potassium alum). The 
saturated solution boils at li0’6° (%, and con- 
tains 207*7 parts of the alum to 100 parts of 
water (Mulder). When heated the crystals 
swell up and form a porous mass, losing water 
and sulphuric acid ; at a high temperature 
alumina alone remains. Tins serves as a useful 
method for the production of very pure alun^ina. 

In its general piopertios and uses, ammonia 
alum closely resembles the corresponding 
potassium compound. U. H. B. 

ALUMNOL V . Synthetic Dnuos. 

ALUM-SHALE. A kind of shale or slate 
containing disseminated iron-pyrites, which, on 
prolonged exposure to the weather, gives alu- 
minium sulphate, owing to the action of sul- 
phuric acid (from the decomposition qf the 
iron-pyrites) on the clayey material. The heaps 
of weathered shale are leached with water, and 
to the solution of aluminium sulphate and 
sulphuric acid so obtained potashes arc added. 
The alum obtained by the evaporation of this 
solution is purified by recrystalhsation. The 
alum- shales of Liassio age on the coast of 
Yorkshire, in the ncighbourliood of Whitby, 
have been largely worked by this method since 
the time of Queen Elizabeth, but now the 
industry has become extinct. At Alum Bay 
in the Isle of Wight clays of Tertiary age wore 
formerly used in the manufacture of alum, as 
early as 1579 ; and in the early part of the 
eighteenth century the Kimraeridge clay in 
Kimmeridge Bay, Dorsetshire, was also so 
used. Pyritous shales of Carboniferous age 
were formerly worked at Hurlct in Renfrewshire, 
large works for the extraction of alum having 
been erected here about the year 1800. Alum- 
shales in the coal-measures of the West Riding 
of Yorkshire are, however, still worked to a 
small extent near RotherWn, Barnsley, and 
Darton. Here the iron-pyrites is more effici- 
ently and quickly oxidised by roasting the shale, 
Which is awrwards steeped in shallow pits, and 
the concentrated liquor treated with potassium 
chloride. 

Reference , — Special Reports on the Mineral 
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BesouroM of Gnat Britain, toI. y. Mem. Qool. 
Snryey, London, 1916. F. Aluma, art. Alumi- 
NTUM. L. J. S. 

ALUNDUN. A form of fused alumina 
manufactured as a refractory material and 
abrasive. As used in the preparation of 
refractory articles it is a white crystalline pro- 
duct containing less than 1 p.c. of impurities 
(oxides of iron, titanium, and silicon) ; it melts 
at 2050°-2100°, and its coefFicient of linear 
expansion is 0*0000078. A less pure form con- 
taining 6-8 p.c. of impurities and of a reddish- 
brown colour is also employed ; it melts at 
about 50** lower than the white variety, and its 
coeffieient of expansion is 0*0000085. Alundum 
does not so^n when within 100® of its melting- 
point; 3'^3-4*0; hardness 9-10 (Molrs 

scale). Thermal conductivity .3-4 times that 
of most 6ro-clays. Not attacked by aqueous 
acids and alkalis, and only very slightly 
fused alkali carbonates. I)issolved with dim- 
culty by fused slags both acid and basic, more 
reamly by the former. For the preparation 
of shaped articles it is mixed with a refractory 
binding agent, moulded, and fired in a ceramic 
kiln ; iho articles arc usually more refractory 
than amorphous alumina. When treated with 
sulphuric or hydrochloric acid they lose up to 
0*03 p.c. of their weight but are then quite 
imaiTeotcd. 33ic articles arc porous, and cannot 
be used whore gas-tight vessels are required, or 
as protecting tubes for pyrometers. The 
melting-point of the bonded articles is never 
below 1960®, and they possess great strength, 
both tensile and compressive ; electrical resist- 
ance 476x10* ohms, at 635®, 49x10* at 721^ 
24 X 10» at f)08®, and 7*6 x lO® at 1040®. Alun- 
dum mu files last 4-6 times as long as clay mu flies, 
and are more refractory and have *a higher 
timsile strength than quartz. (Vuciblos of 
alundum can do used for melting metals, oven 
platinum. On account of their porosity they 
cannot be used for melting slags or salts, but 
this quality makes them specially suitable as 
a substitute for Qoooh oriiciblos; no asbestos 
filler-layer is required, and the porosity can be 
HO controlled that the finest precipitates may 
be colleotecT in them. Alundum extraction 
thimbles can be cleaned by simple ignition. 
An alundum cement is made for lining crucibles 
and furnaces ; it does not molt or combine with 
carbon below 1950®. Alundum bricks have been 
used in place of silioa for the roofs of electric 
furnaces (Saunders, Amcr. Electrocliom. Soc. 
1911; Met. and Ohem. Eng. 1911, 9, 268; 
J. Soc. Chem. Tnd. 1911, 30, 686). 

ALUNITE or ALUM -STONE. Hydrated 
basic sulphate of aluminium and potassium 
KAl 3 (SO|),(OH)«, containing theoretically 11*4 
p.c. of potash. The potash may, however, be 
replaced isomorphously by soda with a passage 
from ' kalioalunite * to ‘ natroalunito ’ (Analyse, 
VI). Further, the material is often impure 
owing to admixture with silica and clayey 
matter. The mineral is usually found as white, 
grey, or pinkish, compact and granular masses, 
somewhat resembling chalk, limestone, or marble 
in appearance. Sp.gr. 2*68-2*76. Occasionally, 
minute glistening crystals, which belong to the 
rhombohedral system, are found in cavities in 
the massive material. The following analys-'s 
are of material from laud 11 Bullahdelah, New 


South Wales (I pale pink, and II chalky white, 
eontiuning more silica); Illandi IV, Maiysvale, 
Utah^(IIl of selected clear pink, translucent, 
coarsely granular material, and IV of compact, 
6ne-grained, porcelain-like material) ; V, * cala- 
fatite * from Benahadaux, Almcria, Spain ; 
V^T, white, chalky * natroalunite * from Funeral 
Range, Death Valley, California. 



I. 

II. 

HI. 

IV. 

V. 

VI. 

A1,0, 

37*62 

37*37 

3718 

34*40 

37*98 

38*46 

»aO« 

0*26 

0*27 

trace 

trace 

— 

— 

K,0 

9*51 

6*68 

10*46 

9*71 

9*64 

1*04 

Na,0 

112 

1*08 

0*33 

0*66 

— 

6*83 

SO, 

36*76 

22*09 

38*34 

36*64 

34*77 

25*03 

SiOa 

1*92 

19*34 

0*22 

6*28 

— 

10*27 

P.O, 

trace 

trace 

0*58 

0*50 

— 

— 

ino 

13*19 

13*86 

12*90 

13*08 

17*01 

17*60 

Moi8ture0*06 

0*46 

0*09 

0*11 

• — 

— 


100*34 

f 1 

ex ' 

; 100*10 

> 10018 

100*00 

98*23 


The mineral mostly occurs in connection 
with volcanic rocks, having been formed by the 
action of solfataric vapours on such rocks. 
In some cases, however, it may have been formed 
by the action of decomposing iron-pyrites on 
clay. Extim.sive deposits have long been known 
at Tolfa near Rome, Montioni in Tuscany, and 
Musaz and Bereghszasz in Hungary. An 
important deposit, forming wide veins in vol- 
canic rock (andesite or dacite), has been dis- 
covered and mined near Marysvale in Utah. 
A detailed description of this, together with a 
rtsumi of the published descriptions of other 
deposits of commercial importance, has been 
given by B. S. Butler and H. S. Gale (Bull. 
IJ.S. Geol. Survey, 1912, No. 611, pp. 1-64). 
Other localities arc in (V>lorado, Nevada, Cali- 
fornia, and Arizona ; Kyuquot Sound, Vancouver 
Island, British Columbia; Bullahdelah, 60 
miles north of Newcastle, New South Wales; 
Carrickalinga Head, on St. Vincent Gulf, 40 
miles south of Adelaide, South Australia ; 
Warnertown, near Port Pirie, South Australia ; 
and near Sunbury, Victoria. (On the Australian 
deposits, aee E. F. Pittman, The Mineral Rt^- 
sources of New South Wales, Dept, of Mines, 
N.S. W., 1901. The Alunitc Deposits of Australia 
and their Utilisation, Advisory Council of 
Science and Industry, Commonwealth of 
Australia, Bull. No. 3, Melbourne, 1917.) 
Extensive deposits have also been found near 
Benahadaux, 10 km. from the port of Almeria 
in Spain (S. Calderon, Los minerales de Espafia, 
1910, ii. p. 205). 

Since the fifteenth century this mineral has 
been exploited at Tolfa near Rome, for the 
manufacture of potash-alum; and the harder 
and more compact varieties from Hungary have 
been used for millstones. Now, however, the 
mineral is of considerable importance as a source 
of potash. When ignited, it gives off all its 
water and three-quuters of its sulphuric acid, 
there remaining alumina and potassium sulphate, 
92 p.c. of the whole of the latter being cimable 
of extraction in solution by this methoa. When 
roasted at a lower temperature, aluminium and 
potassium sulphates can be extracted by lixivia- 
tion and crystallised as potash -alum. Details 
of the methods of treating the mineral as 
practised in Australia and Utah are given in the 
Bulletins quoted above. The mineral may be 
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umd directly aa an artificial manure; but, 
since the potash is not {present in a soluble 
form, better results are obtained by first rocKtine. 

L. J. S. 

ALUNOGEN. Hydrated aluminium sulphate 
AliCSOJsflSH^O, occurring as a white, delicately 
fibrous efflorescence on shale and other rocks. 
It has been formed by the action on the alu- 
minous rock of the products of decomposition 
of iron-pyrites. A trace of iron sulpuate is 
often present, imparting a yellowish or reddish 
colour to the mineral. L. J. S. 

ALVA or ALFA v, Esparto. 

ALVELOS. A name applied to the Euphorbia 
helerodoxa (Muell.), growing in Brazil, the juice 
of which has been used as a cure for cancer 
(Fharm. J. [3] 15, 614). 

ALYPIEE. Trade name for benzoyUetra- 
vi,cthyldiaminoethyldimethylcarbinol hydrochloride. 

CHg— N(CH,), 

CaHft— (J— 0— 

CH,— N(CH,), 

Employed in place of cocaine and stovaine as 
an anii'sthctio and as a remedy for vomiting 
and in the treatment of diseases of the upper 
respiratory passages and of the organ of hearing. 
Used also in veterinary practice in place of 
cocaine. 

It occurs in crystals, m.p. IdO**, sol. in 
water, forming a neutral solution. Aqueous 
solutions may bo sterilised without undergoing 
decomposition by boiling from 5 to 10 minutes 
(Neustatter, Pharm. J, 1006, 869). 

(For distinctive reactions, v. Lemaire, Bep. 
Fharm. 1900, 18, 386.) {v. Synthetic drugs.) 

AMADOU or GERMAN TINDER. {Ainadou, 
Ft. ; Zunderschwamm, Gcr.). A spongy com- 
bustible substance, prepared from a species of 
fungus, Fomea {Polyporua) igniariita, the * false * 
tinder-fungns, which grows on the trunks of the 
oak, hut also on alder, willow, and various other 
trees. It must be plucked in the months of 
August and SeptemW. It may also be pre- 
pared from Fomea {Polvporua) fomentariua, the 
true tinder-fungus, also indigenous, found 
especially on the beech, elm, and various fruit 
trees. It was formerly used in surgery, and has 
hence been called surgeons’ agaric. Amadou is 
prepared by removing the outer rind and care- 
fully separating the yellow-brown spongy sub- 
stance which lies within it. This substance is 
out into thin slices, and beaten with a mallet to 
soften it, till it can be easily pulled asunder 
between the fingers. In this state it is useful 
in surely. To convert it into tinder, it is 
boiled m a strong solution of nitre, dried, beaten 
anew, and put a second time into the solution. 
Sometimes, to render it very inflammable, it is 
imbued with gunpowder, whence the distinction 
of * black ’ and * brown ’ amadou. 

AMAIX^AM. An alloy of mercury with some 
other metal or metals. 

There are four general methods for preparing 
amalgams. 

1. Metallic mercury is brought into contact 
with the other metal, either in the solid or in a 
finely divided state at the ordinary or at a 
higto temperature. In this way amalgams of 
antimony, arsenio, bismuth, cadmium, mag- 


nesium, ' potassium, silver, sodium, Ullurium, 
thorium, tin, zinc, and lead may be obtained. 

2. Mercury is brought into contact with a 
saturated solution of a salt of the metal, when 
part of the mercury ^oes into solution and the 
remainder combines with the liberated metal ; or 
better still, zinc or sodium amalgam is employed, 
when the zinc or sodium displaces the metal in 
the solution. By this method amaljgams of bis- 
muth, calcium, chromium, iridium, iron, magne- 
sium, manganese, osmium, palladium, and stron- 
tium may be prepared by using sodium amalgam, 
and cobalt and nickel by using zinc amalgam 
(Moissan, Compt. rend. 1879 ; Chem. News, 39, 
84). 

3. The metal to be amalgamated is placed in 
a solution of a mercury salt; ^copper may bo 
amalgamated by this process. 

4. The metal is placed in contact with 
mercury and dilute acid; this is the method 
usually employed in amalgamating zinc. Iron, 
aluminium, palladium, nickel, ana cobalt may 
be made to combine with mercury by this process 
if they be placed in contact with a stick of zinc 
(Casainajor, Chem. News, 34, 30 ; Arch. Fhnrra. 
[3] 11, 64; Chem. Soc. Trans. [21 34, 474). 

Amalgams are also formed when mercury is 
used as the cathode in the electrolysis of salt 
solutions; a number of metals can thus be 
obtained as amalgams, although they cannot be 
obtained directly in the free state (ly the elec- 
trolysis of aqueous solutions. 

The combination of sodium with mercury by 
method 1 takes place with great energy, heat 
and light being produced. The preparation is 
best carried out by combining a small portion of 
the mercury with the sodium, and then adding 
the remainaor to the amalgam. 

Native amalgams are found in various parts 
of the world. The table on n^'zt page contains 
the analyses of a few. 

Gold and silver in the metallic state can be 
extracted from their ores by grinding the ores 
and making them pass through mercury, 
although this process is now largely replaced by 
the m^ern oyaniding methods. (For details, v. 
these metals ; and May, J. Soc. Chem. Ind. 4, 
352; Moon, id. 4, 678; Miller, id. 4, 122; 
Whitehead, id. 4, 603 ; Fisher and Waber, id. 
4, 361 ; Barker, Dmgl. poly. J. 261, 32 ; Body, 
id. 252, 33 ; Molloy, id. 264, 210 ; Bonnet, id. 
264, 297 ; Cassel, id. 257, 286 ; Jordan, id. 268, 
163 ; Hollick, id, 268, 168.) When the mercury 
has taken up a quantity of gold, the amalgam 
is squeezed through chamois leather, when the 
greater portion of the gold is left, combined 
with a little mercury, as a pasty mass. Kazant- 
«eff (Bull. Soc. chim. [2] 30, 20 ; (!!hem. Soc. 
Trans. [2] 34, 937) finds that the mercury which 
escapes contains at ordinary temperatures 0*126 
p.c. of gold, at 0** 0*110 p.c., &nd at 100* 
0*660 p.c., thus behaving like an aqueous 
solution. 

Berthelot found that the solution of definite 
amalgams in different quantities of mercury, like 
the solution of salts in water, absorbs a constant 
amount of heat ; thus the heat of solution of an 
amalgam of which the composition corresponds 
with the formula H£[t 4 K in four times its weight 
of mercury is —8*0 Inf. deg. of heat, and in twenty 
times —9*0 kil. deg. (Compt. rend. 89, 466; 
Chem. Soc. Abstr. 38, 1). 
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According to iierthelot, tho maximum heats 
oi formation for ainaJgaiUH of potassium and 
sodium are 34*2 and 21*1, corresponding with 
orystalline amalgams containing 1 *6 p.c. of 

F iotassium, and 2 p.ci. of sodium respectively, 
n those amalgams tho relative affinities of the 
free alkali mctulR are inverted ; this explains 
Kraut*s and Popp’s observation that sodium 
displaces potassium when potassium hydroxide 
is ttoatod with sodium amalgam, the final result 
boins the formation of an amalgam of composi- 
tion iTg^^Na (Compt. rend. 88, 1335). 

Tho views formerly hold on tho constitution 
of amalgams and particularly on the existence of 
definite amalgams of the nature of chemical 
compounds of mercury and tho alloyed metal, 
have been profoundly modified by the study of 
those bodies by the methods of metallography 
{v, Metallookaphy). Tho amalgams are found 
to Ik> HtrioUy analogous to other alloys, but their 
peouliar behaviour arises from the fact that they 
are freq uently met with in a range of temperature 
which lies between the commencement of solidifi- 
cation and final complete crystallisation. It has 
been shown that a number of supposed com- 
pounds, of which tho existence had been assumed 
on the ground that amalgams representing them 
took the form of homogeneous crystalline bodies, 
are not true compounds, whilst dcfimto com- 
pounds of different composition have been 
found. Thus, in tho case of sodium and 
potassium amalgams, the compounds Hg 4 Na, 
HgjNa, HgNa, Hg,Na„ HgjNa#, IlgNaj, and 
Hg,K. HgK, HgX Hg,K;, and Hg,K, have 
been recognised (Schuller, Zoitsch. anoig. Chem. 
1004, 40, 385 ; Kumakoff, ibid. 1900, 23, 430 ; 
Jaeneoke, Zeitsch. physical. Chem. 1907, 58, 
245). 

The amalgams of bismuth, zinc, tin, and 
thallium are. found not to contain any definite 
conmounds (Pushin, Zeitsch. anoig. Chem. 1903, 
36,201 ; Hetoron, tbid. 1904,42, 120 ; Kurnakoff 
and Pushin, ibid. 1903, 30, 86). 

* Ammonium amalgam * is prepared by acting 
on a saturated solution of ammonium chloride 
with sodium amalgam ; the amalgam thus ob- 
tained soon breaks up into mercury, and ammonia 
and hydrogen gases. According to Wetherili 
(Amer. J. Soi. 60, 160), this compound is 
not a true amamam, as when an ammoniacal 
solution is eleotrmys^, the negative pole being 


[ a spongy plate impregnated with mercury, no 
amalgam is formed, Landolt (Zeitsch. f. CJiein. 
[2] 5, 429) draws attention to the fact that am- 
monium amalgam does not reduce solutions of 
silver nitrate, ferric chloride, or cupric sulphate, 
as do sodium and potassium amalgams. 

Seeley (Chem. News, 21, 206) has shown that 
on submitting ammonium amalgam to pressure, 
its volume diminishes in tho same way as does 
that of a gas, and hence he considers that tlie 
ammoma and hydrogen exist in the amalgam as 
gas, and that tho spongy mass is only a froth of 
mercurv enclosing these gases. 

Gellatlin (Zeitsch. f. Chem. [2] 6, 607) asserts 
that when ammonium amalgam, free from 
sodium, is placed m contact with phosphorus, 
phosphoretted hydi’ogon is evolved, and ho 
infers that the hydrogen must be in the nascent 
i state. 

I Pfeil and Lippmann (Compt. rend. 62, 426) 

! state that trimethylamme hydrochloride also 
forms a spongy amalgam which quickly decom- 
poses with 0 volution of hydrogen and formation 
of trimetbylamine ; saturated solutions ot tho 
j hydrocUondes of aniline, coniine, morphine, 
I and quinine give off hydrogen only. 

Electrical amalgam is made by melting to- 
gether 1 part of zinc and 1 part of tin, and then 
ed<!ing 3 porta of mercury. An amalgam of 
cadmium is used in the construction of the 
cadmium standard cell ; this amalgam and its 
electrical behaviour have been studied by F. £. 
Smith (Phil. Mag. February, 1910). 

Silvering amalgams. For metals, 1 part of 
silver to 8 parts of mercury ; for glass, 1 part 
each of lead and tin, 2 parts oismuth, and 4 parts 
mercury. The use of amalgams for silvering has 
been almost completely superseded by the use — in 
the ease of glass— of chemically deposited silver, 
and in the case of metals by electro-plating. 

Teeth fillings. 1. Copper precipitated from 
copper sulphate solution with zinc, washed with 
bulphuric acid containing a small quantity of 
mercuric nitrate, and amalgamated with twice 
its weight of mercury (Fletcher), has the pro- 
P 'rty of softening with heat and hardening again 
after a few hours. It is a permanent filling, as 
the copper salts penetrate and preserve the tooth 
substance. It has the objection of staining the 
tooth, and is only used in posterior teeth. 2. A 
paUadium amalgam is sometimee employed, but 
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its rapidity of setting, intense black colour, and 
cost are against its general use. 3. An alloy of 
silver 68-5, ^in 25*5, gold 5, and ziuo I p.o. 
(Black); or silver 69*5, tin 25*5, gold 4, and 
zino 1 p.o. (TuUooh), amalgamated with mer- 
cury, is extensively employed, as it has a good 
edge strength, and suffers little, if any, shrinkage. 
The shrinkage is the greatest difficulty to over- 
come in order to render alloys of permanent use 
for teeth filling, the object being to secure such 
a proiiortion of metals that the shrinkage of one 
may do overcome by the expansion of another, 
and so obtain a watertight plug. W. Tt. 

AMALIC ACID v. Alloxantin. 

AMANITA MUSCARIA. FI// agaric. A 
poisonous fungus, used in Kamtschatka and 
Siberia as a narcotic and intoxicant, and, when 
steeped in* milk, as a fly-poison. A narcotic 
organic base, muscarine CgHj^NOj, which is the 
hydrated aldehyde of betaine, has been isolated 
from it (Schruioileberg and Harnack, J. 1 870, 804). 

The natural muscarine is like the artificial 
irodiict in crystalliiio form, solubilitv, and 
composition of its platino- and auro-chloridcs, 
and to a large extent in its physiological action, 
but unlike the artificial muscarine it docs not 
induce paralysis of the intermuscular nerve- 
terminations 111 the frog, and myosis in the pupils 
of the eyes of birds (Nothnagel, Ber. 20, 801). 
It differs both in constitution and properties 
from anhydio- and lao-rnuscarine. 

A green and red dyo of composition 
andUijir^gO^ respectively, havealao 
been isolated from it (Griffiths, Compt. rend. 
130, 42). 

AMARANTH v. Azo- coloubinq mati'erb. 

AM ARIN. Trade name for tnpheny Idihydro- 
glyo^alinc. 

AMATOL. A mixture of 80 parts of ammo- 
nium nitrate with 20 parts of trinitrotoluene 
(T.N.T ). Used as an explosive. ISee Explo- 
sives. 

AMAZON-STONE. A bright-grecn variety of 
the potash -felspar microchno (KALSisOm)- It is 
found in granitic rocks near Lake Ilmen in the 
Ural Mountains, at I'lko’s Peak in Colorado, 
and of very good quality in Madagascar. It 
is used to a limited extent as a guui-stonc, and 
for making various small ornamental objects 
(v. Fbi«si'\h). L. j. y. 

AMBAR UQUID v. Balsams. 

AMBATOARINITE v. Anoyliie. 

AMBER or SUCCINITE. ( BernsUin, Ger.) A 
fossil resin derived from the extinct conifer 
Pinitessuccimfer (Gdppcrt), and found as irregular 
nodules in strata of Tertiary age, principally on 
the Prussian coast of the Baltic, llie amber- 
bearing stratum lies partly below sea-lovel, and 
the amber washed out by the action of the waves 
is picked up on the sea-shore or won by dredging. 
Such * strand-amber * was formerly collects 
farther west, as far as the coast of Holland, and 
isolated specimens are picked up on the cast 
coast of England (Norfolk, Suffolk, and Essex). 
At the present time the bulk of Ptussian or 
Baltic amber is obtained from pits and mines in 
the * blue earth * in Samlanu, East Prussia. 
Here the production in 1907 amounted to 
404,300 kilos, and in addition about 20,000 
kilos was collected on the sea-shore. 

Baltic amber differs from other fossil resins 
in containing succinio acid, which is present to 
the extent of 3 to 4 p.o. in perfectly transparent 


speoimens, but reaching 8 p.o. in cloudy 
(^frothy *) amber. It is wrefore distinguished 
by the mineralogical name succinite, and in the 
trade the tendency is to apply the name ' amber * 
exclusively to Baltic Aznwr. The composition 
is somewhat variable, averaging C, 79 p.o . ; 
O, 10'5 p.c. ; II, 10‘5 p.c. ; and corre^onding 
approximately with the formula CioHisO. 
Sulphur is also present (0*26 to 0*42 p.o.), and 
.some ash, usually about 0*2 p.o., but mcreas- 
mg m amount i^ the material encloses foreign 
matter. Amber is, however, not a simple 
resin ; when hoatcil. it gives oil of amber (g.v.) 
and other proiluots, and by the action of solvents 
at least four different kinds of resin can be ox- 
tiact<*d from it. Acconling to O. Helm, Baltic 
amber contains 17 to 22 p.c. of a^>MMr(m.p. 105**) 
soluble in alcohol ; 5 to 0 p.c of a rosin (m.p. 
145**) insoluble in alcohol, but soluble in ether ; 
7 to 9 p.o. of a resin (m.p. 176°) insoluble in 
alcohol and ether, but dissolving in caustic 
otash ; and 44 to GO p.o. of insoluble 
jtumcn 

Baltic amber is usually' pale yellow, ranging 
to brown or reddish-brown in colour, and it 
I varies from perfect trunsparouoy to opacity. 

. The varying (Irgrccs of turbidity are duo to the 
rescnco of vast numiicrs of inicrosoopio air- 
ubbles. The enclosure of insects and fragments 
of wood and dirt in amber is well known, and 
points at once to the mode of origin of the 
material. According to differenc'os in colour and 
trail .Mpnronoy, viinoua traiio names are applied, 
such as ‘clear,* ‘ ffohmig,* ‘cloudy,* ‘bastard,* 

‘ osseous * or * bone,* and ‘ frothy.* J'he sp.gr. 
ranges from 1*06 to 1*10 (varying with mo 
porosity) ; and the hardness is 2{, being rather 
higher than that of most other resins, which 
latter can bo scratched with the fingcr-nail. 
'rhe material is brittle and breaks with a con- 
choulal fracture. When cut with a knife, 
fiaiings are not obtained, but only }>o\vdcr. It 
can bo turned on the lathe an<l takes a good 
polish, being woikod with wliiting and water or 
rotten-stone and oil, and finished by friction with 
a flannel. When heated, amber begins to soften 
at about 150°, giving a characteristio odour ; 
it molts at 3oO°-376°, that is, at a higher 
tem|>erature than other rcHiiis, giving dense vmite 
fumes with a peculiar aromatio odour, and 
causing violent coughing. When rubbed it 
becomes negatively olcctrificd (from the ancient 
name electron, for amber, the word ‘ electricity * 
is derived) ; and when rubbed vigorously it emits 
an aromatic odour, but docs not become sticky 
like other resins. These characters serve to 
distinguish true amber from the more abundant 
copal ; the latter is further usually clearer, 
lighter in colour, and more gummy m appear- 
ance. 

In the trade the material is sorted into many 
grades suited for various purposes. The larger 
pieces of better quality (' work-stone *) are out 
mto beads and other small personal ornaments, 
and are largely used for making the mouth- 
pieces of tobacco-pipes and cigar- and cigarette- 
holders. Smaller and impure fr^ments 
(‘ varnish *) are melted down tor the manufao- 
tore of amber varnish and lac ; but in recent 
years such material is largely converted by the 
application of heat and hydraulic pressure into 
blocks of pressed amber or ‘ambroid.* About 
35,()(X) kilos of pressed amber is now produced 
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annually from throe times the amount of rough 
amber; it is cut for ornaments and smokers* 
mouth'pieces. Prices (current in 1008) for 
rough * work-stone ’ vary, according to size and 
quidity, from III, to 10s. per kilo, and for 
sma^r, inferior material (* varnish *) about 
per kilo. Pressed amber fetches 41. to 61. per 
idlo. The production and the trade in amber, 
as well as the literature of the subject, is almost 
exclusively German, though the finished articles 
are largely made in Vienna. 

Other varieties of fossil rosin oloseW allied 
to amber, but regarded as distinct from Prussian 
or Baltic amber (succinite), are the following : — 

Beekerite (£< Pieszozek, 1880), a black resin 
occurring with Prussian amber. 

Burmitei Ij^mite, or Burmese amber (F. 
Noetling, 1803)/ a dark reddish-brown, umber- 
like rosm, which has long been mined in Upper 
Burma and used in China. It is found in largo 
masses, one seen by the writer weighing 33^ lbs., 
whilst the largest piece of Prussian amber yet 
found weighs only 9 '7 kilos (21 lbs.). 

Chemawinile (B. J. Harrington, 1801), 
Cedarite (11. Klebs, 1807), or Canadian amber, 
found as pale yellow fragments the size of a pea 
to that of a walnut on the beach of Cedar Lake, 
near Chemahawin in Saskatchewan. 

Delatynitc (J. Niedzwicdzki, 1008), from 
Dolatyn in the Galician Carpathians, differs 
from succinite in containing ratlior more i urbon 
(70‘93 p.c.), less succinic acid (0*74 1*07 p.c.), 
and no sulphur. 

Qedrite (0. Helm, 1878), a bright, pule yellow 
resin found with Prussian amber, but differing 
from this in containing less oxygen and no 
sucoinic acid ; in.j). 140'\ 

Glesaite (0. Holm, 1881), also found with 
Prussian amber ; it contains no succinic acid, 
but probably serno formic acid ; m.p. 200°. 

RoumanitCf Komnnilo, Kumunite, or Rou- 
manian amber (O. Helm, 1801), a brownish- 
yellow to brown ri'sin, found in I’ertmry sand- 
stone at several places in Roumania ; it ro- 
semblos Prussian amber in containing some 
Buooinio acid (0'3-3'2 p.c.), and is charaotonsed 
by the relatively large amount of sulphur 
(1*15 p.o.); m.p. ’300°. 

SimttiUt or Sicilian amber (C. Holm and H 
Conwentz, 1880), a clour wine -red to garnot-red 
resin, remarkable for it.s beautiful green or blue 
fluorescence, found in the river Siinoto and other 
parts of Sicily. It contains only 0*4 p.c. of 
bucoinio acid. 

Stantienite (£. Pioszczek, 1880), a brown 
lesin occurring with Prussian amber. 

For several papers on amber and amber- like 
resins, by 0. Helm and by P. Dabms, see Schr. 
natf. ties. Dan/.ig, vols. iv-xii (1878-1008). 
See also Max Bauer, Edolstcinkunde, 2nd edit. 
1909, and English transl. (Precious Stones), by 
L. J. S^ncer, 1904. L. J. S. 

AMuR, oil of. When amber is heated 
it softens, fuses, and gives ofl succinic acid, water, 
oil, and a combustible gas. If the residue 
(colophony of amber) be more strongly heated, 
a oolourless oil passes over. These mis, accord- 
ing to Pelletier and Walter (Ann. Chem. Phys. 
[3j 9 , 89), have the composition of oil of turuen- 
tine. Bv distilling witn water, a pale-yeiUow 
oil, harag a strong odour and acrid taste, 
can be obtained. It blaokoni and thickens on 


exposure to air and heat, boils at 86°, and has 
a 8p.gr. of 0*768 at 24°. One part of the rectified 
oil ajLxed with 24 parts of uooh 9 l (0*830) and 
96 of ammonia, forms eau de luce, a celebrated 
old perfume. By mixing * eau de luce ’ with 
nitric acid, artificial musk is made. Its solution 
in alcohol was formerly considered as a specific 
for whooping-cough (v. also Oils, Essentiaj., 
and Resins). 

AMBER VARNISH v. Varnish. 

AMBERGRIS. (Ambergris, Fr. ; Amhra, Am- 
bar, Cer.) (J. Soc. Chem. Ind. 1890, 429.) Is 
found in the sea, near the coasts of tropical 
countries, and as a morbid product in the 
intestines of the cachalot or sperm whale 
(Physeter maerocephalus). 

Ambergris is generally found in fragments, 
but pieces nave been obtained weighing upwards 
of 270 lbs. Its sp.gr. ranges from 0*780 to 
0*926 (0*780 to 0*896 Brande, 0*908 to 0*920 
Pereira). If of good quality, it adheres like 
wax to the edge of a knife with which it is 
scraped, retains the impression of the nails, anrl 
omits a fat odoriferous liquid on being penetrated 
with a hot needle. It is generally brittle, but 
on rubbing it with the nail it becomes smooth 
like hard soap. Its colour varies from black 
to white. Its smell is peculiar, and not easily 
counterfeited. It melts at 62*2°, at 100° it 
is volatilised as a white vapour ; on a red-hot 
coal it burns and is entirely dissipated. Water 
has no action on it ; acids, except nitric acid, 
act feebly upon it ; ether and the volatile oil') 
dissolve it ; so do the fixed oils, and also 
ammonia when assisted by heat ; alcohol 
dissolves a portion of it. 

'rhe principal constituent of ambergris is 
amhrcin (q.v.) ; its inorganic constituents are 
carbonate and phosphate oi calcium, with 
traces of ferric oxide and alkaline chlorides. 

Used by perfumers. The (3iinese tost its 
purity by scraping it upon boiling tea, in which 
it should wholfy melt. 

AMBERITE v. Explosives. 

AMBLTGONITE. Fluo^hosphate of alu- 
minium and lithium AlP 04 ,Lil\ crystalliamg 
m the anorthic system. It is usuallv found as 
whitish cleavage masses much ipsombling felspar 
in anpearance, from which it is distinguished by 
its higher sp.gr. 3*01-3*09 and chemical cha- 
racters. It occurs in granitic rooks at Montebras 
in France, Cacarcs in Spain (with tin ore), Pala 
in California, &c. At each of the places named 
it has been mined for the preparation of lithium 
salts, the phosphate being a by-product. 11 
contains about 10 p c. of Tithia. A variety in 
which the lithium is largely replaced by sodium 
has been found as groyish-whitc cleavage-masses 
in pegmatite near Canyon City in Fremont Co., 
(Colorado, and named natramblygonite or 
fremontite. In another variety, known as 
montebrasite from Montebras in France, hydr- 
o.\yl largely I’eplaces the fluorine. The general 
formula for the mineral is then 

(Li,Na)Al(F,OH)P 04 

L. J. S. 

AMBREIN. (Ambreine, Fr. ; Ambarstoff, 
Ger.) Isolated Pelletier and Caventou, by 
digesting ambeigiis in hot alcohol, 8p.gr. 0*827. 
A^bretn C.aH 4 oO, purified by repeated orya* 
j taliisations from alcohol, is a wMte solid, separa- 
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ting in slender needles, m.p. 82**, which exhibit 
the phenomenon of superfnaion for a long time 
even if sown with crystals. When warn and 
dry, it becomes highly electrified on alight 
rubbing. It has no optical activity, and is a 
neutral substance, insoluble in water, but 
soluble in most organic solvents, from which it 
does not crystallise out at all readily. When 
acted on by bromine in carbon tetrachloride 
solution, it gives an octdbromo- derivative 
a white vitreous solid. Chlorine, 
under similar conditions, decomposes it. On 
warming ambrein with phosphorus ponta* 
chloride, a white, amorphous mass of pentachloro- 
ambrein CssHs^OCls is obtained (Riban, Compt. I 
rend. 1912, 154, 1729). | 

AMBRITE. A brown translucent resin, 
similar to jretinite, found in association with 
New Zealand coal (v. Rusins). 

AMEISINE. Trade name for aluminium 
formate. 

AMENYL. Trade name for the hydrochlo- 
ride of methyl hydraaiimide. Forms yellowish 
needles, m.p. 227°. Soluble in hot water or 
alcohol. 

AMERICAN COW or MILK TREE WAX 
V. Wax. 

AMERICAN ELEMI v. Oi.ko-resii^s. 

AMETHYST. A purple transparent variety 
of crystallised quartz (Si 02 )f used as a gem- 
stone. So named, from d/i60u<rTos, * not drunken,* 
owing to the ancient belief that the stone when 
worn as a charm prevented intoxication 
Quartz). L. J S. 

AMETHYST. Tetramethyl safraiime and 
tetraamyl safranine are found in commerce 
under tliis name (v. Azinks). 

AMETHYST, ORIENTAL, v, Corundum. 

AMIANTHUS {Amiantet Fr.) Mountain 
flax {v. Asbestos) 

AMIDASE V. Enzymes. 

AMIDATION. The operation of introducing 
the amino group NH,, as in the production of 
aniline from nitrobenzene by means of iron 
and hydrochloric acid. 

AMIDE POWDER. An explosive similar to 
ordinary gunpowder, in which, in place of the 
sulphur, an ammomum salt is employed m 
combination with saltpetre, in such proportions 
that on igmtion potassamide, volatile at hish 
temperatures, is formed. This increases tne 
useful effect of the explosive, which bums with- 
out residue (Gaons, Eng. Pat. 14412, 1885; 
J. Soc. Chem. Ind. 6, 678). 

AMIDINES. Compounds containing ami- 
dogen and imidogon attached to the same carbon 
atom, e.g. acetamuline CH,*C(NH)NH, ; 6enz- 
ami(/»neC 2 H 5 C(NH)NH 2 . They are formed by 
the action of amines on thio- amides or nitnles, 
or on the products formed by acting on the 
amidra with phosphorus pentachloricm, or by 
treating the cyanamides with the Grignard 
reagent (Adams and Beebe, J. Amer. Chem. Soc. 
1916, 38, 2768). 

AMIDOAZOBENZENE or ANILINE YEL- 
LOW V. Azo- OOLOUBINa MATTERS. 

AMID06ENE. An explosive made by dis- 
solving 73 parts of potassium nitrate and 1 part 
mi^esinm sulphate in one-third their weight of 
boiling water ; 8 parts of ground wood chitfooal, 
8 parte of bran, and 10 parts of sulphur are added, 
and the whole is digested for two hours at 140° ; 


it is then dried at 50° and made into cartridges 
(Gemperlo, J. Soc. Chem. Ind. 3, 191 ; 1, 201 ; 
Biedermann*8 Chem. Tech. Jahrb. 7, 146). 
AMIDOGUANIDINE v. Hydr\zin£.s. 
AMIDOL. Trade name for 2 : 4'diamino- 
phenol liydrochloride, used as a photographic 
devolcmer. 

AluDONAPHTHOLS v. Azo- colourinu 

MATTERS. 

AMIDONAPHTHOPHENAZINE v. Azines. 
AMIDOPHENOPHENANTHRAZINE v. 

Azines. 

AMIDOPYRINE {Pyramidon), Trade names 
for 4-dimethyIamino antipyrine. 



CH,— 

CH,— C' Ic— N{0H,), 

Prepared by treating an acid solution of anti- 
pyrine with sodium mtritc, reducing the nilroso- 
antipyrine to amino -antipyrine, condensing with 
benzaldohydo, and decomposing the bonzylideno 
derivative with hydrochloric acid. The product 
on metliylation yields amidopyrine. 

AMINES. Amines or ‘ ammonia bases ’ may 
bo regarded ns Hubstaiice.s derived from am- 
monia by the substitution of hydrocarbon radicals 
for hydrogen. They may also bo looked upon as 
derived from hydrocarbons by the replacement 
of one or more hydrogen atoms Iw NHg or its 
alkyl substitution products NIIR or NRR'. 
The definition of the term may be taken to in- 
clude alkyl derivatives of hydrazine and hydra- 
zoic acid, and compounds such as nitrosamuies 
diazo-c om pounds ; also others which contain 
nitrogen linked to nitrogen or elements other 
than carbon, as well as to alkyl- residues. It 
also includes compounds in which the nitrogen 
forms part of a ring, as in pvridmo, pyrrol, and 
their derivatives, among which the alkaloids 
may be mentioned. The majority of these 
more complex substances are treated of in 
detail in special articles (see arts. Azo- 

COLOURINO MATTER.S ; AziN KS ; BoNE OIL ; 

Quinoune, &0.), and come within the scope of 
this only in so far as they possess the general 
characteristics of the ammonia bases. 

Amines are classed as primary, secondair, or 
tertiary, according as one, two, or three of the 
hydrogen atoms of ammonia have been replaced 
by alkyl or aryl groups. Thus the general 
formula of the primary amines is NH^R, of the 
secondary amines NriRR', and of the tertiary 
amines NRR'R", where R, R', and R" may bo 
identical or represent different radicals. The 
reactions of tne amines differ to some ex- 
tent according as the substituting radicals are 
(1) all ahphatic ; (2) mixed aliphatic and aro- 
matic, with the mtrogen attachea to the aliphatic 
residue, as in benzylamine ; (3) mixed aliphatic 
and aromatic, with the nitrogen attachea to a 
carbon atom of the benzene ring, as in methyl 
aniline ; and (4) pure aromatic amines such as 
aniline itself, di- and tri-phenylamine, and their 
homologues. Substances of groups (1) and (2) will 
be referred to here as aliphatio and aromatic 
amines respectively, and those of groups (3) and 
(4) as aromatic amino- compounds. Aromatic 
amino* compounds serve as the starting materials 
in many of the different branches of 'the dyeing 
industry, and are prepared artificially in large 
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quantities (see arte. Aniltne ; Azo- c^oLOURiNa 

MATTBRS ; TBIPnBNYLMBTlIANK COLOUWllO 
MATTBKS ; DlPHKKYLAMlNE, Ao.). 

With the important exception of the vege- 
tabie alkaloids, tho amines are not widely 
distributed in nature, though some of tho lower 
members of tho fatty Hcrics (methylamines) 
occur m plants and in tho blood of somo animals. 
They are, however, found as decomposition 
proaucts of animal and vegetable organisms, 
and of mineral substances. Thus tho methyl- 
amines are found in herring brine and in decom- 
posing fish. Others,- chiefly diamines, are found 
in certain pathological conditions of tho urine, 
and as decomposition products of the animal 
tissues (ptomaines). The dccompositionp of 
proteins giVc;>«so to largo numbers of amino- 
acids. Aniline was first isolated as a product 
of the distillation of indigo, and it and its 
homolog lies as well as other bases aro present 
in the distillatos from bone oil (Dippers oil), 
and of coal tar. A mixture of fatty amines is 
obtained in tho dry distillation of the residues 
in tho bcct-Hugar industry, and this, under tho 
name of ‘ triinctliylaminc,’ of which it contain.s 
about 6 p.o., IS used in Franco for live ])reparation 
for industrial purjiosos of methyl chloride ; on 
account of tho greater solubility of Its hydro- 
chloride, it has also been used instead of aininonia 
in tho preparation of potassium carbonate, in a 
manner analogous to tho »Solvay method for tho 
preparation of sodium carbonate, but tho process 
does not seem to have been comnicrciaily 
successful. 

General methods of preparai ion, 

1. By action of ammonia or its alkyl deriva- 
tives on subslUulwn products {genet ally haloid 
or hydroxyl derivatives) of hydrocarbons. 

Tho method lirst ih'scribod by Hofmann 
( Phil, 'rraiis. 1 850, 1 , IKl ; 1 85 1 , 2, 357 ), of heating 
alkyl halides (preferably bromides or iodides) 
with aininonia, is avaihiblt' for tho* preparation 
of primary, sccoiuiaiy, and tertiary aiiiincs of 
the fatty series, and if unilino is substituted for 
ammonia, for tliu prcpuratioii of secondary, 
tertiary, and aromatic amino- compounds. 
Quaternary ammonium coinpouiids aro also 
formed in tho reactions, which may bo repre- 
sented us follows : — 

NH, 4- RBr -- NH,R HHr 
NH,R -f inir - MlKir ilBr 
NHRH' + R"lir =» NRR'R" HBr 
NRR'R" + R'^'Br = NRR'R''R"'Br 

Tho reaction will take place, though only very 
slowly, in aqueous solution, more quickly in alco- 
hollo solution, and best on heating in alcohohc 
solution in scaled tubes at 100°. Tho products 
obtauicd may contain haloid salts of one or all 
of the possible amines, and of the quaternary 
bases, and the proportions \ary with the con 
ditions of oxporiniont (Werner, Chem. Soc, Trans. 
1918, 113, 899 ; 1919, 115, 1010). On distUling 
the produot with excess of alkali a mixture of 
the three amines is obtained ; tho three amines 
may be separated from the mixture by making 
use of thw different modes of reaction with 
oxalic ester, the chlorides of aromatic sulphonic 
acids, Qrignard*s reagent, acetic anhydride, or 
acetyl chloride, whi^ ore dealt with below. 
The three ethyl amines have been separated by 


fractional distillation (Gamer and Tyrer, \ uom. 
Hoc. 'frans. 1910, 109, 174. Cf. also Price, J. 
Soc.t'liem. Ind. 1918, 37, 82. 

In the ptq>anUon on the laige scale of 
! secondary and tertiary aromatic amino- com- 
pounds, e.g. dimcthylaniline, the primary amine 
is heated under pressure directly with the 
alcohol and hydrochloric or sulphuric acid at 
180°-200°. Here tho alkyl group is exchanjged 
i directly for hydrogen without the intermediate 
i separation of tho alkyl halirlo. The presence of 
, otner negative groups in tho benzene molecule 
I increases tho case with which the NH, group 
! can displace halogen groups. Thus tho chlorine 
I atoms of chlorbenzene can be replaced by NH, 

' groups by tho action of ammonia if the benzene 
ring also contains NO3 groups. A catalytic 
method of preparing mono- and di-methylamlino, 
in which tho vapours of methyl alcohol and 
aniline are passed over aluminium oxide at 400°> 
430°, IS doscriljcd by Mailho and de Godon 
(Compt. rend. 1918, 108, 467). 

Amines may also bo obtained by heating 
zinc ammonium chloride with alcohols at 260°- 
2<M)^ (Morz and Gasiorowski, Ber. 1884, 17, 

1 023). 

Alcohols or phenols will react with ammonia 
* or its alkyl flcrivatives on heating in tho presence 
of zinc chloride, cahium chloride, or other 
catalytic ag(‘rit (.Moiz and Weith, Ber. 1880, 13, 
1298; Merz ami MucHcr, Ber. 1880, 19, 2901). 

Mixtures of tho vapours of alcohol and 
ammonia or primary amino led through tubes 
' containing finely divided thoria or tungsten 
oxide at 360° give amines (Habatier and 
Mailho, Compt. rend. 1908, 148, 898). 

iSodamido or its alkyl substitution products 
may bo used instead of ammonia in the case of 
aliphatic ummes. 

KlIaNa + CH^Cl - Nlladlfa -f NaCl 
(Lebcaii, Compt rend. 1903, 140, 1042; Cha- 
! blay, Compt. rend 1905, 140, 1202). ('/. O. 

I Matter, i). K. , 30I45O, 301832. Sodamide 
will also react w'itli anhydrous sulphuric esters 
of tho aliphatic senes, and with aromatic sul- 
phoiue acids to give primary amines (Jackson 
and Wing, Ber. 1880, 19, 902 ; Titherley, Chom. 
Hoe, Tran-s. 1901, 79, 399). 

By heating ammonium chloride with a con- 
centiateil solution of formaldehyde under 
pressure, meth^laminc, dimcthylaminc, and 
trimethylamino aro sueceasn ely produced (Ksch- 
wcilcr, i>. 11. R 80520, 1893). 

2. By rcdudion of mtrogen-cantaining sub- 
stances. 

Primary amines may be obtained by the 
reduction of intro- compounds, nitroso- com- 
pounds, oximes, hydrazones, azo- and hydrazo- 
compounds, amides and amidincs, and nitriles. 
Since tho nitro- compounds of aromatic hydro- 
carbons are easily prepared by direct nitration, 
tho reduction of nitro- compounds is by far the 
most generally used method for tho preparation 
of aromatic primary amines. Zinm in 1842 pre- 
pared aniline from nitrobenzene, by the action 
of alcoholic ammonium sulphide, and this 
method is still in use for the reduction of the 
dinitrobenzenes to the nitroanilines. On the 
commercial scale, as for instance in the pie- 
aration of aniline, iron and water with some 
ydrochlorio acid is usually employed as the 
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leduolng agent. Another method for tho 
reduction of nitro- compounds, nitriles, oximes, 
and hydrazones, consists in heating in a sAeam 
of hydrogen in the presence of nnely divided 
nickm or copper (Sabatier and Sendereus, Gompt. 
rend. 1902, 125, 225). A great deal of work on 
this meth^, resulting in a large number of 
patents, has been carried out. With a copper 
catalyst obtained by reducing the carbonate, 
formate, oxalate, or nitrate l)y hydrogen or 
carbon monoxide below red heat, rocluction of a 
nitro- compound is effected by hydrogen at a 
temperature of 200° 0. or less. Higher tempera- 
tures lead to impure products and to poisoning 
of the catalyst (Badische Amlin und Soda 
Fabrik, D. R. PF. 263396, 1914 ; 282568, 1915). 
Other contact agents are described by tiie same 
patentees in.£ng. Pat. 5602, 1915. According to 
b. R. P. 282492, 1915 (Meistor, Lucius, and Brun- 
ing) a quantitative yidd of aniline is obtained by 
passing nitrobenzene, steam, and hydrogen at 
120° or, over finely divided nickel. In Eng. Pat. 
6409, 1915 (Badische Amlin und Soda Pabrik), 
the reduction of nitrobenzene by carbon 
monoxide in presence of steam and a contact 
agent, u* described. 

Nitro- compounds may be rctiuced to primary 
amines clectrolytically, in aqueous or alcoholic 
acid solution, at zinc, lead, tin, copper, or 
mercury cathodes, with a current density of 
0*18 amp /sq. cm. Tin and lead arc particularly 
effective if they are present on tlio cathode in a 

^ state (0. F. Bochringer and Sohno, 
?. 116942, 1900). 

The reduction of nitroso- compounds, 
oximes, and hydrazones, though often useful in 
the laboratory for preparing special ammo- 
cijinpounds, is seldom of use on the largo scale. 
Tho reducing agents used arc, for nitroso- com- 
ounds, such as mtrosophcnol, sulphuretted 
ydrogen in presence of ammemia ; f or oximes and 
hydrazones, sodium amalgam and acetic acid. 

Tho reduction of azo- compounds, wliich 
takes place according to tiic equation 

R-N=N-R'+2Ha-R-NHa-f-NHaR' 
is mainly used in the production of aromatic 
primary diamines {cf. p-phcnyloncdiuniino, but 
can bo used for the production of aminophenols 
or their derivatives. Thus (D. R. P. 48543), 
by diazotising one molecule of p-aminophenetol 
and coupling with phenol the azo- compound 
CjHjOCaH^— N, — 0aH40H is produced, and 
this on ctliylation and reduction gives two 
molecules of p-aminophenetol. The usual re- 
ducing agents for azo- compounds are stannous 
chloride, zinc- dust and water or acetic acid, 
and sodium hyposulphite (Na,S«04). 

Amides, amidines, and nitriles are best re- 
duced by sodium and alcohol. 

R CO'NH, R CH,NH, 

ECH(NH)NH, ROH,NH3-fNH, 

R ON R CHj NH, 

The formation of methylamino by the reduc- 
tion of alkali cyanides and ferrocyanides with 
hydrogen in the presence of colloidal palladium 
has b^n patented (Riedel, 1913, D. R. P. 
264528). Fo/'the catalytic r^uction of hydro- 
^anic acid see Barratt and Titley, Chem. Soo. 
TnDB, 1919, 115, 902. 

Secondary amines may be produced by reduc- 


tion of the iV-esteni of the oximes (Ooldsohmidt, 
Ber. 1892, 25, 2594 ; Dunstan and (Moulding, 
Chem. Soo. Trans. 1897, 71, 573 ; 1901, 79, 628) 
or of the t^onitriles, or of the condensation 
products formed by the action of primary amines 
on aldehydes. 

(CHalj C NCH, -> (CH,)3CH NHCU, 

R— N ; C R NH CH, 

R N : CH R' RNH OH.R' 

A special case of the third reaction — the 
mcthylation of primary amines by means of 
formaldehyde, without isolation of tho intor- 
mediate condensation product — is of great 
technical importance. According to a patent 
of F. Bayer & Co. (D. R. P. 287802r 1916), any 
primary amino may bo moth^>jRted by being 
heated to a high temperature witii formaldehyde 
in presence of some reducing agent other than 
formaldehyde or formie acid. A process for tho 
preparation of methvlanilino by tho action of 
formaldehyde on anihne has been dosoribod by 
Cl. T. Morgan (Eng. Pat. 18081, 1915). The 
mechanism of the reactions involved in methyla- 
tion by formaldehyde lias been investigated by 
E. A. Werner (Chem. Soc. Trans. 1917, 111, 844). 

3. Fioin amities by the. action, of bromine 
and potash, (llofmami, Ber. 1882, 15, 762.) 

This reaction is mainly apphoablo to tho 
preparation of primary fatty amines, and gives 
good yields only with tho lower members of tho 
senes. Tho first product of tho reaction is a 
bromamide, und this on further treatment with 
potash gives potassium bromide and an t«o- 
cyunate, which is saponified, giving an amino 
and a carbonate, tho alkyl group being trans- 
ferred from the carbon to tho nitrogen atom, as 
in tho * Beckman rearrangement * (Mohr, J. pr. 
Chem. 1906, [2J 73, 177, 228). 
CHjCONHa+KOH-fBr, 

^tJllaCONHBrd-KBr-f-H.O 
CHs CONHBr+KOH - CH3 NII3-I CO, fKBr 
Azides on boiling with alcohol or water, and sub- 
seejuent treatment with cone. IICI give aminos. 
R CO Na-f-GJIs Oil - RNH COOC^IL f-N. 
RNHCOOUaa6+llj,0 

-RNHj-ftJOa I CallaOH 
(Curtius, Ber. 1894, 27, 779; 1896, 29. 1166; 
Forster, Clicm. Soc. Trans. 1909, 06, 433). 

4. From compoufuia containing imido {or 
amtdo) groups in which one atom of hydrogen is 
replacealde by alkali meiala. 

(a) From isocyanates, Mc/thiocyanates, and 
isocyanides. 

Alkyl wocyanatcB (prejpared from metallic 
isocyanates and alkylhaloids) are hydrolysed 
by alkalis (Wurtz, Annalen, 1849, 71, 330). 

The mterest of this method is mainly 
historical, since it led to the discovery of the 
amines by Wurtz in 1848. Primary amines 
are the chief product, but secondary and tertiary 
amines are also formed in small quantities. 

C,HeNCO-f H,0 = C'aHsNH.+CO, 

Alkyl isothiocyanates and isocyanides are 
hydrolysed by treatment with concentrated 
hydrochlorio acid. 

CjHjNCSH-H.O « C,H5 NH,-f-COS 

C,H,NCH-H,0 = CjH.NHa-i-HCOOH 

(b) Phthalimide, on treatment with alcoholic 
potash, gives potassium phthalimide, and this 
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gives an alkyl derivative on treatment with (6) Magnesium alkyl iodides form addition 
alkyl iodide, which on hydrolysis with fuming compounds with phenyl tsooyoDMte; these, on 
HVl yields a primary amine. treatment with water are converted into 

C,H4(CO),NK+RI=rC,H4(CO),NIl+KI anilides, which yield amines on saponification 
C4H4(C0),NR+2H40-C,H4(C00H),+NH.R {Blaise, Compt. rend. 1901, 132, 38, 478, 978), 
(tiabriol, Ber. 18«7, 20, 2224 ; 1891, 24, 3104). ®- ^9 dittOal^oJ amino- acid* mth iaryta. 

Gabriel and Ohle (Ber. 1917, 60, 804, 819) find CH,CH<^„ “= CH, 0H,-NH, + CO, 

that alkyicno oxides will react with potassium „ , 

phthaUmido with the ultimate formation of! AltpJuUtc jntmary and sectary atnin^ 
aminohydroxy compounds. obtained by the actum of potash on the 

(c) A similar method, available for the derivatives of secondary and tertiary 

preparation of secondary amines from primary, 

18 due to llinsberg (Annalen, 1891, 179, 266). NO -04114 •N{CH,)4 -f- KOH u 

The sodium derivative of a substituted benzene- „ .vwr'w T NfCil,),!! 


with hydrochloric acid at 1 


ing primary and secondary bases with excess of 


C,HyW, NB Na 0.H,80,-NRIl' NHRR' *RR^^+“OTi^*S^iRR'NCH,+HOSO,K 
Johnson and Ambler use toluene-ei)-sulphon« 
amides in the same way (J. Amor. (Jhom. Soc. General Properties. 

1914, 36, 372). E. Fischer finds that a bettor The amines of the aliphatic series are vola- 
yield of the amino is obtained by treating the tile inflammable substances, the lower members 


carboxylic acids, though less suitable, on account bers of the series is about 0*75 that of water, 
of their less acidic properties, can be used in the and increases slightly with increase in the 
same way as the derivatives of tliosulplionamidos molecular weight. Their basicity, measured by 
(Tithorlcy, Chom. Soc. Trans. 1901, 79, 39 9). the conductivity method, is considerably 
(5) Prom compounds which certain substances greater than that of ammonia, and they will 
form with alkyl haloids, saponify esters and precipitate oxides from the 

(o) Hexa methylene tctramiiio, formed by the salts of many of the heavy metals. They have 
action of ammonia on formaldehyde, gives an amraoniacal and fishy odour. 'Phe smell, 
addition compounds of the type C4H,aN4*RI inflammability, boiling-point, and solubility in 
with alkyl iodides. These on treatment with water become less with increase in the molo- 
HQ and alcohol are decomposed, giving primary cular weight, and the highest known members 
amines (Delaine, Compt. rend. 1897, 124. 292; are odourless solids at ordinary temperatures. 
Ann. Chiro. Phys. 1898, [7] 16, 608). They react with moist air with formation of 

Aliphatic Amihls. 


Alkyl groups 

Primary compounds 

Secondary compounds 

Tertiary compounds 

Mpt. 

Bpt 

Sp.gr. 

B.pt. 

8p.gr. 

B.pt. 

Sp.gr. 

Methyl 



-6-7° 

0-699(^11®) 

+7® 

0-686 (-6®) 

+3-6° 

0-662 (-6®) 

Ethyl . 

-83-8"’ 

-f 19° 

0-708 (-2®) 

66® 

0-711(-f-16®) 

90® 

0-736 (-f 16®) 

ftopyl . 

MO-Propyl . 
prim. ?i-Butyl 

— 

49® 

0-728 (0®) 

110" 

0-738 (20®) 

166® 

0-771 (0") 

— 

32® 

0-690 (18®) 

84® 

0-724 (16®) 

— 



— 

77-8° 

0-742 (16®) 

160® 

210-6® 

0-791 (0®) 

iso.Butyl 

— 

66® 

0-736 (16®) 

130® 

— 

187® 

0-786 (21") 

sec. Butyl . 

— 

63° 

0-718 (20®) 

— 

— 

— 


tert. Butyl . 

— 

43-8® 

0-698 (16®) 

— 

— 

— 

— 

jprim. »-Amyl 

— 

104® 

0-76fl (19") 

— 

— 

— 


Mo>Amyl 

— 

95® 

0-760 (18") 

0 

GO 

0-782 (0*) 

236" 


tert. Butyl-methyl 

— 

82®-83® 

— 

— 

— 

— 

— 

see. n-Amyl . 

— 

90®-91® 

0-749 (20®) 

— 

— 

— 

— 

sec. wo-Amyl 

— 

83®-84® 

0-767 (18-6") 

— 

— 

— 


tert. Amyl . 
prtm. »-Hexyl 

— 

78-6® 

0-748 (16®) 

— 

— 

— 

— 

— 

129® 

— 

— 

260® 

.... 

»> t> Heptvl . 

„ „ Octyl 

— 

163® 

0-777 (20®) 

— 

— 

— 

J. 

— 

176®-177®* 

0-777 (26-8®) 

297® 

— 

366® 

— 

„ „ Nonyl . 

— 

190»-192® 

— 

— 

— 

— 



i» >» Deoyl 

-4-17 

216®-218® 

— 

— 

— 

— 

... 

„ „ Undeoyl . 

16® 

232® 

— 

— 

«— ■ 

— ! 

— 

„ „ Duodeoyl 

27® 

248* 

— 

— 

— 

— 


„ „ TrideoyJ . 

27® 

266® 

— 

— 

— 

— 


., „ Tetradeoyl 

37® 

162® (15mm.) 

— 

— 

— 

— 


„ „ Pentadeoyl 

36*6® 

298®-301® 

...... 

— 

— 

— 

.... 

„ „ Sexadeoyl 

46® 

187®(16min.) 

— 

— 

— 

— 


,4 ., Heptadeoyl 

49® 

336*-340® 

1 

1 

— 

— 

1 — 
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Homolooubs 09 Amun. 



Primary ardinatic amino- compounds 











Formula 

Popular name 

Systematic name 

M.pt. 

B.pt. 

8 p.gr. 

mon- 

acetyl 

deriv. 

G|He‘NR 2 . 

GHs'GfiHiNBa . 

aniline . 

amlnobenzene . 

- 8 ® 

188® 

1024 (16®) 

116® 

ortho tolnldine 

meta „ 

1 -methyl - 2 - aminoben- 
zene 

1 -methyl - 8 - amtnoben- 
zene 


199® 

199® 

0*999 (20®) 

0*998 (26®) 

no® 

66 * 6 ® 


para 

1-methyl • 4 - aminoben- 
zene 

+ 42*8® 

198° 

— 

168° 

(CHalaGeHs’NHa > 

1-2-S ortho xylldlne 

1 : 2 -dJmethyl- 8 -amlno- 
benzene 

— 

228° 

0*991 (16°) 

184® 


1-2-4 

1 : 2-dimethyl-4-ainino- 
benzene 

+ 48® 

226* 


99® 


1 - 8-2 meta „ 

1 : 8 -dlmethyl- 2 -amino- 
benzene 


216° 

— 

176*6® 


aeymm. meta xyli- 
dine 

1 : 8-dimethyl-4-amlno- 
benzene 

— 

216° 

0 918 (26°) 

129® 


■ymm. meta xylldlne 

1 : 8-dimethyl-5-amlno- 
benzene 

1 : 4-dlmethyl-2-amino- 
benzene 

— 

228° 

0*972(16®) 

140*6° 


para xylldlne 

+ 166® 

216° 

0*980(16°) 

189*6® 

GaRs’GeHi'KHa • • 

para amino ethyl 
benzene 

1 - ethyl - 4- amino- ben- 
zene 

- 6 ® 

214® 

0*976 (22®) 

94-6° 

(CHslsCaHa'NHa • • 

mesldine 

1:3: 6 -tTimothyl- 2 -aml- 
nobenzene 

1 : 2 : 4-trimethyl-5-aml- 
nobenzene 

— 

288® 

■*“ 

216® 


pseudo- cumldlne . 

+C 8 ® 

284® 

- 

164° 

(G2Rs*GH2)f'6^4*^^2 

para amino propyl 
benzene 

1 • propyl - 4 - aminoben- 
zene 

— 

226® 

— 


(CHalaCH C 0 H 4 NH 2 . 

cumldlne • . 

l-isopropyl-4-aminoben- 

zene 


218° 

— 

102 * 6 ° 

(CH8)4CfiHNH2 . 

prehnldine • • 

1:2:8* 4-tetTamethyl- 
5-amiaobenzene 

+70® 

260° 

— 

172° 


isoduridine • • 

1 : 2 : 8 : S-tetramethyl- 
4-aminobenzene 

+24® 

266° 

0*978 (24°) 

216® 

(CH|)(G 8 H 7 )OflHi, NH 2 . 

carvacrylamine • 

l-methyl-4-<«opropyl -2- 
aminobenzene 
l-methyl-4'iicpropyl - 8 - 
amlnobenzene 

1 -t:fobatyl-4-aminoben- 
zene 

— 

241° 

0 944 (24°) 

72® ' 


ihymylamlne . 

- 

280° 

— 

112 * 6 ® 

(CHaliCH CUi O 0 H 4 NHa 

para amino izobutyl 
benzene 

♦ 17® 

280° 

0*987 (26°) 

170® 

(CHsleCe'NH^ - 

amino pentamethyl 
benzene 

amino isoamyl ben- 
zene 

pentamethyl amino- 
benzene 

162® 

278° 

— 

218® 

GaH] rCoH4’NH2 • < 

-- 

260° 

- 

— 

CsHi 7'CeH4’N'H2 * • 

para amino octyl 
benzene 

1 - octyl - 4 - aminoben- 
zene 

+ 19*6° 

810° 

— 

93® 

Gi6H8S’C'i!B4’NR2 • 

amino cetyl benzene 

hrxadecyl aminoben- 
zene 

68 ® 

265° 

(14 mm.) 

— 

104® 

0i8H27'G2H4NH2 • • 

amino octadecyl 

benzene 

octadecyl aminoben- 
zene 

61® 

274 

(15 mm ) 




carbonates. Aromatic amines (benzvlamine and 
its homologues) closely resemble the aliphatic 
amines, but are not quite so strongly basic in 
character, owing to the presence of the negative 
phenjl group. The aromatic amino- compounds 
(aniline and its homologues) are less basic than 
ammonia, and the basicity diminishes with 
increase of the number of phenyl- groups attached 
to the nitrogen atom. Thus the salts of diphenyl- 
amine are hydrolysed by water to a greater 
extent than those of aniline, whilst triphcnyl- 
amine is a neutral body and forms no salts 
with acids. Comjiaratively few amines are 
known which contain only aromatic groups ; of 
these aniline and diphcnylamine are prepared 
on the large scale in tne dyeing industry, as well 
as many secondary and tertiary ammo com- 
pounds containing both fatty and aromatic 
groups. 

The aromatic amines are much more easily 
substituted by halogens, the nitro group and 
the Bulphonio group than the hydrocarbons 
from which they are derived, and the substituted 
derivatives obtained are of great importance 


I in the dye industry. In substituting with 
[ halogens or nitric acid it is often necessary to 
protect the amino group by acetylation, the 
acetyl group being subsequently removed. 
The purely miphatio amines find little use out- 
side synthetical chemistry. Some are used in 
the preparation of drugs ; they have also been 
UBcd (as well as derivatives of aromatio amines) 
as catalysts in the vulcanisation of rubber (Twiss, 
J. Soc. Chem. Ind. 1917, 780). 

The above lists of the chief homologues of 
methylamine and aniline are taken from Meyer 
and Jacobsen’s Lehrbuch der Oiganischen 
Chemie. 

All classes of amines form addition products 
with acids, containing one molecule of base to 
one molecule of monobasic acid. Compounds 
containing three molecules of HOI to one of 
amine have also been obtained (Korezynski, Ber. 
1908, 41, 4379). The picrates ai^e specially cha- 
racteristic, and are used for the identification 
of the amines, as are also the double salts with 
platinum and gold chlorides, which have the 
general formula; B,H,PtCl« and BHAuCl« respec- 
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tively. Many aliphatic arntnea form hy^ates 
with one moleonle of water of crystalliaation. 
Double salts with mercuric chloride and stannous 
and stannic chlorides (I)rucc, Cheni. Soc. Trans. 
1918, 113, 715), and with silver salts, crystallise 
well, and organic analogues of ammonium pyro< 
phosphate and arsenate are known, but are not 
very stable (Bnsac, Bull. Soc. chim. 1003, [3] 
29, 591). With alkyl halides they form 
quaternary ammonium compounds of the type 
NBR'K''K'"1, where may be the 

some or different radicals. In cases where these 
radicals are all difTcront, the substances are 
capable of existing in two onantiomorphous 
optically active forms, and a number of these 
have been isolated. Enantiomorphic compounds 
of the type^viWl''N~0 have also been isolated 
(Moisenhoimer, Bcr. 1908, 41, 3960 ; Annalen, 
1911, 385, 117). The quaternary ammonium 
compounds, unlike their inorganic analogues, are 
not decomposed on boiling with potash ; on 
heating alone they give tertiary amines and 
alkyl nalides. The corresjiondmg bases are 
obtained from their halidc.s by treatment with 
moist silver oxide ; they are stronglv alkaline 
to litmus, and the sohitioas generally decom- 
pose easily on evaporation, but some of the 
aliphatic members have been obtained crystal- 
line by evaporation in vacu6. The rate of forma- 
tion of quaternary ammonium compounds from 
tertiary ainines uiid alkyl haloids is found to 
var^ greatly with the eonstitution of the re- 
acting substance and the nature of tiie solvent 
(Mensohutkin, Zcitsoh. physikal. (Jhem. 1890, 
6, 41 ; Wedekind, Ber. 1899, 32, 511 ; Annalen, 
1901, 318, 90; Preston and Jones, (’hem. Soc. 
Trans. 1912, 101, 1930; Thomas, (’hem. Soc. 
Trans. 1913, 103, 594). 

The formation of quaternary ammonium 
comnounds by addition of cxces.s of methyl 
iodiae to an amino gives a quantitative method 
for the determination of the number of replace- 
able hydrogen atoms in the substance. Analysis 
of the original eomjiouiid and of its quaternary 
methyl derivative gives the number of methyl 
groups which have entered into the molecule. 

Compounds containing live hydrocarbon 
radicals attached directly to nitrogen were for a 
long time thought to be incapable of existence. 
Suen compounds have now been isolated by 
Bchlonk and Holtz (Ber. 1916, 49, 603; 1917, 
60, 274). 

With several reagents, the different classes 
of amines show ditferont reactions, and sopara- 
tion and purification of the amines formed m 
many of the methods above referred to may be 
earned out by making use of such differences. 
Primary and secondary amines sometimes give 
similar reactions, whilst tertiary amines are more 
stable. 

Reactions, 

1 With nitrous acid. 

Primary amino.s, on boiling with potassium 
or sodium nitrite in acid solution, give alcohols ; 
or phenols with evolution of nitrogen. 

RNH.+ HONO ROH+N.+H.O 

In many oases where a primary alcohol would 
be expected a mixture of primary and secondary 
alcohols ’ is obtained ( Henry, Oompt. rend. 
1907, 145, 899, 1247). 

S^condaiy amines give nitrosamines, whiob 


on boiling with oono. HCl are again transformed 
into the original amines. 

•BR'NH+HONO = RB'NNO+H.O 
RR'NNO-f-2HCl = RR'NH*HCl-f-NOCl 
Tertiary amines do not react. 

Primary aromatic amino- com^unds react 
differently if their solutions are Kept cooled. 
They give diazo- compounds according to the 
following equation : — 

RNH,.H01-|-H0N0 = RN : NC1+2H,0. 

This reaction is of the greatest importance, 

I for the diazo- compounds are very unstable, and 
on treatment with various substances either 
form substitution products of benzene hydro- 
carbons with evolution of nitrogen, or retain the 
nitrogen and form azo- compounds, which are 
tlie parent substances of the azo- dyes. Thus, 
if the diazo- compound be boiled with water, 
alcohol, cuprous chloride, bromide, or cyanide, 
phenol, benzene, chlor- brom- or cyan- derivatives 
respectively are produced. If the diazo- con\- 
pound is treated with a substance containing a 
phenol or aromatic amino- group, a coloured 
substance is formed which is capable of fixing 
itself as a dye on a fabric. (Compounds derived 
from unsubstituted amines have only a limited 
application for dyeing purposes, as they are 
generally insoluble in water ; the sulphonio acids 
derived from them are, however, generally 
soluble, and arc used extensively {sec art. Azo- 
roLouuTNC* MATTKRs). The reactions are ex- 
pressed by the following equations : — 
C.HRNjfU+CaHjOH-dBHsN : NCeH.OH+HCl 
CellsNaCl+CoilsNiCHs), 

=-(J«H5N : NC\H4N(CHj),+HC1 
Tertiary aromatic compounds, such as 
dimethylanilino, react with nitrous acid to 
form p-nitroso compounds, where the nitroso 
nitrogen is attached to the carbon of the benzene 
ring m the para- po.sition to the substituted 
ammo- group. These arc highly coloured sub- 
stance.s, and serve as intermediate compounds 
in the production of certain colouring matters 
(methylene blue, &c.), which are u.scd in the 
colour industry. On treatment with caustic 
I ]iotash they give secondary amines and salts of 
nitroso phenol. 

Since nitrites of primary, secondary, and 
tertiary amines have been isolated (Wailaoh, 
(!hem. Zentr. 1907, ii. 54 ; Neogi, Ohem. Soc. 
Trans. 1912, 101, IGIO ; and 1914, 105, 1270), 
it 18 probable that in all the above-mentioned 
reactions the nitrite of the amine is formed as 
an intermediate product. 

2. With chlorides of aromatic sulphonie acids. 
Primary and secondary amines in strong 
alkaline solution are converted into amides 
by shaking with chlorides of aromatic sul- 
phonic acids ; tertiary amines do not react. 
Of the.so ainide.s, Ph SO,NHR and PhSOaNRR' 
respectively, the first orfy are soluble in dilute 
alkalis with formation of salts. The primary 
and secondary amines can be regenerate from 
the amides by boiling with cone. HOI or HfSOa 
at 120°-150° (Hinsben, Ber. 23, 2963 ; Annuen, 
1891, 265, 178). E. Fischer (Ber. 1915, 48, 93) 
recommends hydrolysis by hydriodic acid and 
phosphonium ieide. These reactions provide the 
only generally ap{>lieable method for separating 
mixtures of primary, secondary, and tertiaiy 
amines. 
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8. acetyl chloride or acetic anhydride, 

Piimaiy ana secondary amines give, as a 
rule, acetyl derivatives which are insoluble in 
cold water ; tertiary amines either do not react, 
or form soluble acetates and hydrochlorides. The 
primary and secondary amines may be it^eno* 
rated by hydrolysis of the acetyl derivatives. 
Since the velocity of the formation of the acetyl 
derivative of the primary is much greater than 
that of the secondary amine, a method based 
on this difference in property has lieen used to 
separate the two (Menschutkin, Chcm. Zcntr. 
1900, 1, 1071 ; Potozki and (iwosdow, ibid. 
1903, ii. 330). 

The action of bcnzoy chloride is similar to 
that of acetyl chloride. 

4. With oxalic ester. 

Several of the aliphatic primary and secondary 
amines react with ethyl oxalate, the former 
giving solid diamides and the latter liquid 
oxamic esters. Tertiary amines do not react. 
Primary and secondary amines are regenerated 
by boiling with potash (Hofmann, Ber. 1870, 3, 
109, 770 ; Duvillier and Biiisine, Ann. Chim. 
Phys. [6] 23, 299). Hofmann used these 
reactions for the separation of the three ethyl- 
amines, and it has been used since in other cases. 

r>. Wtlh ftiagnaamn methyl todtdes. 

Primary amines react, giving two molecules 
of methane for every molecule of amine : 

RNH,-l-2MeMgI = RN(Mgl),-|-2CH4 

Secondary amines react in a similar manner, 
but give one molecule of methane for every 
molecule of amine ; 

RR'NH+CHaMgl := RR'NMgI+CH4 

Tertiary amines either do not react or they 
form addition compounds with tlie reagent 
(Sudborough and Hibbert, Chera. »Soc. Trans. 
1909, 95, 477 ; Hibbert and Wise, Chcm. Soc. 
Trans. 1912, 101,344). 

0 . With o-xylylvne bromide. 

Primary amines react, giving two molecules 
of il Hr and liquid derivatives ot o-xylylenciminc 
(dthydrot^oindol) 

Secorftlary amines react, giving crystalline 
quaternary ammonium bromides and one molC' 
cule of HBr ; 

= + 2HBr 

Br 

Tertiary aliphatic amines give addition pro- 
ducts of one molecule of xylylenebromide with 
two of amine. Tertiary aromatic aminea and 
amino- compounds do not react (Scholtz, Ber. 
1898, 31, 1707). 

7. With aromatic aldehydes. 

Primaiy and secondary amines form com- 
pounds with loss of water : 



Tertiary amines do not react (Schiff, Annalen, 
169, 159). 

8. iri7^ chloroform and potash. 


Primary amines give tsooyanides on warming, 
RNH,+CHa,+3K0H-RNC+3KCl+8H,0 
(Hofmann, Ber. 3, 767). 

Secondary and tertiary amines give no 
characteristic reaction. 

9. IF if A carbon disulphide. 

Aliphatic primary and secondary amines 
react as follows : — 

CS. + 2NH.B-SC<|«Rh^^ 

CS.+2NnBR’=SC<NRR'H^j^, 

On boiling the product of the action of <33, 
on primary amines with metallic salts (HgCl, or 
FcOl,), mustard oils are produced, and primory 
amines partly regenerated. ^ 

- SCNR + H ’s + NH.R. 

(Hofmann, Ber. 8, 106, 401; 14, 2764; 15, 
1290). 

Aromatic aminos give substituted thioureas. 

2RNH,-fCS,«H aR+(RNH ),CS. 

10. With the alkali metals. 

Primary and secondary amines dissolve with 
evolution of hydrogen and formation of sub- 
stances of the type llNHK or RNK^. Tertiary 
amines do not react. 

11. ^ With oxidising agents. 

Oxidation with potassium permanganate 
decomposes aliphatic amines with formation of 
aldehydes and acids. 

W^iih Caro’s acid (11,80.), primary amines 
of the typo RCHjNH, are oxiilLsed to hydroxyl- 
aminos and hydroxamic acids, all of which give 
a characteristic colouration with ferric chloride. 
Ketoximes are formed from aminos of the typo 
RR'OH’NH „whil8tthoseofthctypeRR'R"C*NH, 
give nitroso- and nitro- derivatives (Bamberger, 
Bor. 1902, 36, 4293 ; 1903, 30, 710). 

With hydrogen peroxide alinliatic, secondary, 
and tertiary aminos give hydroxvlamines and 
N-oxides of typo RR'NOH and RK'R"NO (Dun- 
Stan and Gould ing, Chera. Soc. 'J'rans. 76, 
1104). 

Oxidation of aniline and its para compounds 
gives quinone. 

12. W ith hypochloroHS acid. 

Tertiary amines react with hypochlorous 
acid to give a dialkylchlorammo (Meiseiihciinor, 
Ber. 1913, 61, 160): 

(CH,),N-f2HC10 

« (CH,),N CHCH,0 + H,0+HCI 
Diaminbs. 

These may be regarded as derived from 
hydrocarbons by replacement of two hydrogen 
atoms by two amino- groups, or from two 
molecules of ammonia by repl^ement of two 
hydrogen atoms one from each molecule by a 
hydrocarbon residue. Certain of them occur 
as decomposition products of the animal organ- 
ism, the chief of those being putrescine (totra- 
methylene diamine), and cadaverine (penta- 
methylcne diamine). Diamino- acids are an 
important product of the decomposition of 
proteins. 

Preparation. — The methods are entirely 
analogous to those used in the preparation of 
monamines. Aliphatic diamines are obtained 
by the action of aqueous ammonia on dihalogen 
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darivatiTM of hydrocarbons ; this method is not 
generally applicable to the preparation of 
aromatic mono- or diamino- compands, but a 
modification of it, which consists in treatment 
of p-chlormonamines with aqueous ammonia in 
presence of copper salts, is used in the commercial 
manufacture of p-phenylene diamine and its 
homologues (Ger. Pat. 204848, 1008). Aromatic 
diamino- compounds are prepared on the com 
mercial scale chiefly by the reduction of 
dinitro- compounds ; but practically all the 
methods for the production of monamines «re 
also available for that of diamines. 

Properties, — The aliphatic diamines are 
strongly basic substances, their basicity in- 
creasing with the number of methylene groups 
(Bred^, physical. Chem. 1804, 13, 308). 

Their boiling-points are much higher than those 
of the corresponding monamines. Their hy- 
droxides, which are diacid bases, are extremely 
stable, and are only decomposed on boiling 
with caustic alkalis or distillation over metallic 
sodium. The list of the chief aliphatic dia- 
mines and their physical constants (fteg p. 133) 
is taken from Meyer and Jacobsen’s Lchrbuch 

der Organisciier Chemie. The unsubstituted ; 

aromatic diamino compounds differ from the | hydines or anhydro bases : 

Aliphatic Diamihbs. 


corresponding monamines being eaaily 
soluble in water. Their solutions in water are 
easily oxidised, but the dry bases are stable in 
air. 

Reactions . — ^Diamines give the ordinary 
reactions characteristic of the amino- group, but 
primary aromatic o-amino- compounds and to 
some extent aliphatic diamines, possess in 
addition, the ^perty of forming condensation 
products containing nitrogen rings, m- and p- 
diamines do not exhibit this property. 

1. With aldehydes. 

With aliphatic diamines, cyclic compounds 
are formed as well as the ordinary alkylidene 
bases. Thus the action of formaldenyde on cold 
solutions of ethylene diamine resmts in the 
formation of a compound CgHj 0 N 4 , to which 
the formula 

CHg— N— CHg— N— CH, 


I 'CH.CH, 
CH,— 


-CH, 

has been assigned (Bischoff, Ber. 1898, 31, 3254), 
Aromatic o-diamino- compounds give alde- 


Formula 


ILPt. 

B.pt. 

+8-5® 

116-6® 


119®-120° 


185°-186® 


(738 mm.) 
130 ’-166® 

— 

141° 

27®-28» 

(788 mm.) 
168°-160° 

only known 

as its salts 


178°-170® 

a modiflea- 

46°-47° 

tion 

(20 mm.) 

/SmodlflcO’ 

43®-44o 

tion 

(11-12 mm.) 

Inactive 

172°-173° 

form 

active form 

170° 

89°-40^ 

100° 

4 derivative 

(20 mm.) 
176-6° 

X It 

(753 mm.) 
174-60-176-6° 


(752 mm.) 
176® 

— 

78®-80® 

97°-99® 

(IS mm.) 
147°-149® 

28®-29“ 

(740 mm.) 
223"-226® 

62® 

225°-226® 

solidifles 

186® 

atO® 

(758 mm.) 

only known 

as its salts 

87*-37-6® 

2580-259® 


204®-206® 

61-6® 

(749 mm.) 
140® 

81° 

(12 mm ) 
2260-229® 


8p.gr. 


Ethylenedlamine 
Propylene 
Trlmethylenediamine 

a/i-dlaminobutane 
«y- fi It 

at- ti It 

Of- 

/Bi- 


pentane 


/S-methyl-aS'dlamlnobutane 
aC-diamlnohexane . . 

ft tt • • 


/S-methyl-afi-diamlnopentane . 
/S-methyl-ae- „ „ 

/ay-dlmethyl'/Sy-diaminobutane 

an-diazninoheptane . • 

aS’dlaminooctane . 

/Sc-dimethyl-ge-diamlnohexane . 

yi-dlmethyl-y5-diaminohexane 
at -diaminononane 

/iC-dimethyl-/3C’diaminohepttine 

ax-diaminodecane . 

^1}-dimethyl•^»‘dlamiIlooctane 


CHaCH(Kiri)CH>NH2 
NH 2 CH 2 CH 2 CH 2 NH 2 

OH8 OH2 CH(NH.J CH0 NH2 
CHsCHCNH J CtfsCHsNH* 

H'H 2 'CH 2 *CH 2 CH 2 GB[ 2 'lfM 2 
CHsCHCNHa) CHCNHol'CH- 
NH2’GH2'CIl2'CH2*CH2 CH 2 
CH80H(NH2)’CH2-CH(NH2) CHg 


1TU2CH2CH(CH3) CHiCHaNHa 

NH2-CH2(OH2)40Il2*Nfl2 

CHa-CH(NH 2 )(CH 2 ) 2 CII(NH 2 KIH, 

NH2CIT2-0H(CH8)*CH2-CJI<NH2)CHa 

NirjCH2CIl(CH8)(0H2)20H2NH2 

(CHalaCfNHal-CKNlIaKCHaia 

NH8(0H2)7NlIi 

NH8(0Ha)8Nll2 

(CH3)*C(NH,)(0H2MNH XJ(CH3)2 

(CH3)2C(NH2)(CH2)s(NH2)C{CH 8)8 
NHafCHalioNHa 

(CH3)2C(NHa)(CH2)4(NH2)C(CH8)2 


0-902 

0-878 


(I 65 

( 16 “) 


0-917 (0“) 


0-8886 




0-868 


Q 


0-86S4 Q 
0-8844 ( “°) 


A™' 




OHCR 


\/NH* OHCR 


■a: 


CR + 2H80 
NCHgR 


(Ladenburg and Engelbrecht, Ber. 1878, 11, 
1053 ; Hinsberg, ihid. 188G, 19, 2i25). 

The aldehydines are strongly basic bodies, 


and not decomposed on boiling with dilute 
acids and alkalis. They are very stable towards 
oxidising and reducing agents. Their deriva- 
tives are used as dyes. 

p- and m-dlamines give alkylidene bases. 

2 . With i.l-diearhonyl compoiinda {pidehydes 
or ketones). 
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o> Diamino comTOiinds react to rive quinoxa- 1 
line (aaine) derivatives (Hinsberg, Annalen»^2f 
1886): 


a NH, 0:CR 
NH, OiIr 


I. +2H,0 


X/'nh, 


+ CH,'COOH 


H.CN^CH. 

CH, 

NH,(CHa),NHjj,HCl*:NH4a+H,C^CH, 

h,oMch, 

The higher homologues, however, do not 
form ring compounds containing A corresponding 
number of atoms in the ring. Thus, ootomethy- 
l^e diamine hydrochloride, on heating, does not 
give ootomethylene imine, which worid contain 
a ring of nine atoms, but 2>butylpyrrolidme. 
Similarly, deoamethylene diamine gives 2- 
hexyipytxblidine (Blaise and Houillon, Compt. 
renl 1906, 142, 1641 ; 1906, 148, 861). 

VoL. L— a*. 


0:6 r 

3. With nitrous acid. 

o-Diamino- compounds form azimines (I^a- 
denburg) 

Diamino- compounds both tn- and p- will 
react in the ordinary way in presence of much 
hydrochloric *aoid, giving" bis-diazo- compounds ; 
in neutral solutions 9n-diamino- compounds give 
triamino azo benzene and its homologues. The 
reaction in the case of m-phenylene diamine is : 
2C,H4(NH2)a + HONO 

« NHa-C.H^-N : NC,Ha(NHa),. 
The substances formed are brown and very 

« coloured. The reaction is used as a test 
a presence of nitrites in water analysis 
(Griess, Ber. 1878, 11, 624). 

Aliphatic diamines give glycols and oxides 
4. With organic acids, acid chlorides or 
anhydrides. 

Aliphatic diamines and m- and p-diamino- 
compounds form normal derivatives ; in the 
cases of aliphatic substances, these derivatives 
are partially decomposed on heating, giving 
cyclic compounds of the iminoazole tyxie : 
CH.NHCOCHj OH,— NH 

I « f ^c ch,h-ch,-cooh 

CH,-NHCOCH, CH,-.n/ 

o-Diamino- compounds give similar com- 
pounds, without the interm^iate formation of 
the acyl derivative: 


The aromatic diamines are the start ing- 
TOints for the preparation of a lar^ number ot 
and hence are of commercial importance, 
ifhe following are the chief members of the 
series : — 

o-Phen^nediamine C.H4(NHa)j. First ob- 
tained by Griess by the oistillation of o-m- and 
m-p- diaminobenzoio acid : 

C,H,(COOH)(NH,),=C,H4(NH,),-fCO, 

(1, 2. S, or 1. 3, 4) (1, 2) 

(J. pr. Chem. [2] 3, 143). By the reduction 
of o-nitraniline 02^4(^03) (NHj) (1, 2) (Zincke 
and Sintenis, Ber. 6, 123), or of o-dinitroben- 
zene C.H4(N02)2 (1, 2) (Rinne and Zincke, 
Ber. 7, 1374), with tin and hydrochloric acid. — 
Crystallises from water in lamin^^^elting at 
102". Boils at 262". Readily soitlme in water, 
alcohol, and ether. Diacid base, the sulphate 
2[C2H4(NH2)2»HaS04l 3H2O forms nacreous 
laminse. It gives aU tne reactions for o-diamino- 
compounds referred to above. On oxidation 
with ferric chloride it gives a rod compound, 
diaminophenazine : 

r 1 +C.H.(NH,),+30 


■CC>' 


\ 

iOOH, + 2H,0 


6. With mineral acids. 

All diamines form stable salts. Those of 
the aliphatic series are decomposed on heating 
with separatiop of ammonium salt and formation 
of cyclio compounds. Thus, tetramethylene 
iiamme gives pyrrolidine and pentamethylene 
diamine gives piperidine: 

NH.(CH2)*NH2,HC1 =NH4C1 +H 2C, ,CH 2 


P2(NH,). +3H2O 


m-Phenulenediamine C4H4(NH2)a* By re- 
ducing m-dinitrobenzene or m-nitraniline with 
iron nlings and acetic acid (Hofmann, Proo. 
Roy. Soc. 11, 618 ; 12, 639), or with tin and 
hyorochlorio acid (Qerdemann, Zeitsch. f. Chem. 
1866, 61). By reducing either (1, 2, 4)- or 
(1, 2, 6)-dinitrobenzoio acid with tin and 
hydrochloric acid, the carboxyl group being 
eliminated in the process (Zincke and Sintenis, 
Ber. 6, 791 ; Griess, Ber. 7, 1223). On a manu- 
facturing scale it is prepared by reducing dinitro- 
benzene with iron turnings and hydrochloric 
acid. — Separates from its solutions as an oil 
which does not readily solidify unless brought 
in contact with a crystal of the base. Melts 
at 63", and boils at 287". Readily soluble in 
water. It gives the cypical reactions of m- 
diamino- compounds {see above). 

By the action of a diazobenzene salt on 
m-phenylenediamine, chrysoidinc (unsymme- 
trical diamidoazobenzene) is produced: 
C,H2N2a + C,H4(NH,)2 

= MCI -f C,H,N : N*C,H,(NHa)2. 
In the manufacture of phonylene-brown and 
chrysoidino the solution of crude m-phenylene- 
diamine hydrochloride obtained by the reduction 
of m-dinitrobenzene is employed, without first 
isolating the base. A violet colouring matter is 


obtained by heati^ m-phenylenediamine with 
aniline hydrochloride to 190*-’200", and a blue 
colouring matter by heating it with m-phenylene- 
diamine nydrochloride {Kx&Mae, Ber. 9, 836). 

P’PhenyUnediamine C4H4(NHa)2. Obtained 
^ reducing p-dinitrobenzene (Rinne and Zincke, 
ast. 7, 871), or p-nitraniline (Hofmann, Proo. 
Boy. 12, 639), or aminoazobenzene (Martius 
and Griess, J. pr. Chem. 97, 263), with tin and 
hydrochloric acid, anilino being formed simul- 
taneously in the case of aminoazobenzene. 
Along with diaminodiphenylamine by reducing 
aniline-black with tin and hydrochloric acid or 

0 
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with hydriodic aold and amorphons phosphorus 
(Nietzki, Ber. 11, 1007). By distilling (1, 2, 5)- 
diaminobenzoio acid (Qriess, Ber. 5, 2<K)). By 
action of p-ohlorandine on aqueous ammonia in 
presence of copper salts. Crystals, melting at 
147*. Boils at 267*. Sublimes in leaflets. 
Readily soluble in water, alcohol, and ether. 
Yields quinone on oxidation. When oxidised in 
the presence of primary amines or phenols it 
gives indamines and indophenols, these on heating 
produce safranines. By heating it with sulphur 
to 160*-180*, it is converted into diamino- 
thiodiphenylamine {hucoUiianint, LautVs white) 




which, whhtM«»xidised with fefrio chloride, yields 
thionine {Lauth's violet) 

N 

The latter colouring matter may also be obtained 
b^ the simultaneous oxidation of p-phenylene- 
diamine and sulphuretted hydrogen by ferric 
chloride in aqueous solution (Lauth, Oompt. rend. 
82, 1441 ; Bull. Soc. Chim. 26, 422 ; Bornthsen, 
Annalen, 230, 108). If dimethyl-p-phenylene- 
diamine C«H4(NMea)(NH|) is substituted for 
p-phenylenediamine in the foregoing reaction, 
tetramethylthionine {methylene Uue) is formed 
(v. Methylene blue). 

Tolylene-diaminea ( Diaminotoluenea) 
C4H3(CH,)(NH,).. 

All the six possible compounds are known. 
Their physical constants are as follows : — 


M.pt. 

-Methyl -2 : 3-diamino benzene 61* 

B.pt. 

256* 

2:4 

99 

„ • 99* 

283*-286* 

» 2:5 

99 

„ 64* 

273* 

,• 2:0 

99 

„ 103* 

— 

3:4 

99 

„ 88* 

266* 

» 3:6 

99 


284* 


Only two of these, however, are of technical 
importance. 

Tolylenediamine C4Ha(CH3)(NHg)a (1, 2, 4). 
Obtained by the reduction of the corresponding 
dinitrotoluene. Sparingly soluble in cold, 
readily soluble in boiling water, in alcohol, and 
in ether. Forms crystaUine salts. As the two 
amino groups in tms compound are in the 
meta- position to one another, it is an analogue 
of ni-;^enylencdiamine, which it resembles in 
many of its reactions : thus 2 : 4- tolylenediamine 
may either wholly or in part replace the m- 
phenylenediamine used in the manufacture of 
phenylene-brown, producing colouring matters 
the shade of which is redder wan that of ordinary 
phe^lene-brown. 

Tolylenediamine CjHafCHjXNHj), (1, 2, 6) 
is obtained by the reduction of the corresponding 
w-nitro-o-toluidine C4H8(CH,)(NH3)(N03) ( 1,2,6) 
with tin and hydrochloric acid (Beilstein and 
Kuhlberg, Annaden, 158, 350 ; Ladenburg, Ber. 
11, 1651). Formed along with o-toluidine when 
th0 aminoazotoluene prepared from o-toluidine 
is treated with the same reducing agent : 




N:N- 


JCH, 


+2H| 


t 






The two bases may be separated by fractional 
distillation (Nietzki, Ber. 10, 832). This reaction 
is utilised in preparing the mixture of o-toluidine 
and 7-tolylene-diamine which, after the addition 
of a second molecule of a monamine (either 
aniline or o- or p-toluidine), yields on oxidation 
safranine. On a large scale the aminoazo- 
toluene is reduced with iron turnings and hydro- 
chloric acid. Crystallises in colourless rosettes 
of tabular crystals. Readily soluble in water, 
alcohol, and ether, sparingly soluble in benzene. 
Yields on oxidation toluquinone 0,113(0113)03. 

Other diamines of this series are — 

XylyUne diamines : 

1.3- dimethyl, 2.4-diaminobenzene, m.p. 64^ 

1.3- „ 4.6 „ „ .. 104*. 

1.3- „ 2.5 „ ,, „ 77*. 

Diaminotrimethylbenzenes : diamino- pseudo- 
cumenes : 

1.2.4- trimethyl, 6. 6-diamino benzene, m.p. 90*. 

1.2.4- „ 3 6 „ „ m.p. 78*. 

Diamino mesitylene : 

1.3.6-trimethyl, 2.4-diaminobenzene, m.p. 90*. 

Similar diamines have been prepared from 
naphthalene and other hydrocarbons. 


Tbiaminbs, Tbtbaminbs, and Pbntaminbs. 

Very few of these substances are known. 
Their properties are similar to those of other 
substances containing the amino group. 

L2.3- triaminopropane; b.p. 190* (Ourtius, 
J. pr. Ohem. 1900, 62, 232). 

2.3*5’triaminohexane (MoieUi and Marchetti, 
Atti del Accad. Lin. 1908, [5] 17, 1, 250). 

The three modifications of triaminobenzene 
are aU known. 

l.2,3’triaminoben2ene ; m.p. 103*; b.p. 336*. 

l.2A‘triaminobenzene is formed tby reduc- 
tion of o-p-dinitraniline or of chrysoidine. On 
oxidation it gives triaminophenazin. 

l,3.5-triamindbenzene is only known in the 
form of its salts. 

* I.2.3.4. and 1,2A.6 -tetramindbenzenea pre- 

pared by the reduction of oximes and nitro 
compounrls,have been isolated as their sparingly 
soluble sulphates (Nietzki and Schmidt, Bor. 
1889, 22, 1648 ; Nietzki, Ber. 1887, 20, 2114). 

Pentamindbenzene has been obtained as the 
hydrochloride with 3 molecules of HOI, by reduc- 
tion of triaminodinitrobenzene (from tribrom- 
benzene and ammonia). Pentaminotoluene has 
been similarly obtained. 

Reduction of triaminotrinitrobenzene gives 
pentaminobenzene (Palmer and Jackson, Ber. 
X»88, 21, 17U5 ; Palmer and Grindley, ibid. 
1893, 26, 2304). T. S. M. 

AMINO-ACIDS. The amino-acids may be 
conveniently described under the two headings 
(a) Aliphatic Amino-acida, and (&) Aromatic 
Amtno-acida. 

Allphatio * Amino-acids. The amino-fatty 
aoi^ are of great physiological importance, 
many of them occurring in plant and animal 
organisms. They are products of proteid de- 
gradation, and mav be obtained from proteins 
by heating with hydrochloric acid or baryta 
water. The general methods in use for pre- 
paring these accds are : 
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(i.) By treating the monehalogenated fatty 
acidB with ammomait 

CH,Ca-COOH -> CH,(NH,)COOH ’ 
Ohloracetlo acid. Olycino. 


For examples, c/. Fischer and Smits (Ber. 
1906, 39, 351). 

(ii.) By heating the cyanhydrin of an alde- 
hyde or ketone with ammonia and then hydro- 
lysing the product, whereby an a-amino-acid is 
produced : 


CH.CH 


"CN ptr 

-» CH,CH(NH.)COaH 
Alanine. 

_ (iii.) By the reduction of the cyanofatty 
acids with nascent hydrogen (Zn or HCl or by 
heating with HI) : 

CNCOOH + 2Ha = CHa(NH,)COgH 
Cyanoformlc acid. 

(iv.) By Qabriers phthalimido reaction (v. 
preparation of amines 4 (b ) ), using a halogen 
substituted ester instead of an alkyl haloid: 

c.h<c8>nk 


-> C.H,<^^^^NCH,C00C,H, 

-> O.H.(COOH), + NH, OH, COOO.H, 
By using brommalonio ester the compound 

0*H*<co>NCH(COOC,H5), 


is obtained. The remaining hydrogen atom of 
the methylene group is replaceable by sodium, 
and by reacting with alkyl haloids on the 
sodium compound, compounds of the general 
formula 


0,H.<;^g^N-C(C000,II 

it 


are obtained. From these, by suitable treat- 
ment, it is easy to get acids of the general 
formula NHa’CHR'COOH (Sorenson, &ntral- 
blatt. 1903, ii. 33). 

The amino-acids aro crystalline bodies with 
high melting-points, usually soluble in water, 
but sparingly soluble in alcohol and ether. The 
a- compounds are sweet, the iS-compounds less 
so, and the y-compoun^ not at all. Moulds 
^row well in solutions of 7 -amino-acids, less well 
m i3-acids, and hardly at all in a-acids. They 
are amphoteric, i.e. feeble bases and feeble acids, 
and there is reason to, think that in solution 
they exist as internal salts, glycocoll : 

CH,— NH, 

CO— i. 


They have, in addition to the properties charac- 
teristio of amines and of acids, the following 
special properties ; — 

(1) Their esters, with nitrous acid, give 
diazo- compounds, althoujgh the acids themselves 
undergo with nitrous acid the normal reaction 
of aliphatic amines 

yN 

CH.-NH, 0H< 11 

I -fHNO,= | +2H,0 

C000,H8 COOOjH. 

NH,CHaCOOH+HNO, 

= H0CHaC00H-i-H,0 

(2) Anhydrides, which are in fact derivatives 


of piperazine, are formed by a amino-acids, e.g« 
glycocoll gives glyoide 

NH— OHg--CO 

I I 

CO— CH,— NH 
Dlketopiperazlne. 

Heating with glycerol promotes the forma- 
tion of these anhydrides (L. 0. Maillard, Ann. 
Chim. 1915 [ix.] 3, 48 ; 4, 225). 

Important amino-acids are glycine, alanine, 
phenylalanine, t 3 nx>sine, leucine, valine, serine, 
cystine, tryptophane, histidine, arginine, Ivsinc, 
aspartic acid, and glutaminic aom, which aro 
described under their respective headings (v. 
also Proteins), 

(5) Aromatic Amlno-aeids. A true aromatic 
amino-acid such as anthranilio contains 

both the amino- and the carboxyl- groups united 
to carbon atoms in the benzene ring. Isomeric 
with these are acids which contain the amino- 
^proup or the carboxyl- group or both, introduced 
mto iattv side chains, the last two classes being 
really substituted fatty acids. 

The general methods in use for preparing 
aromatic amino-acids are: 

(i.) By reducing the corresponding nitro- 
aoids : 

0«H4(N0,)C00H(1:2) -> OeH4(NH,)COOH(l:2) 
o-mtrobeuzoio arid. Anthranilic acid. 

(ii.) By treating the halogen substituted esters 
of carboxylic aci£ with potassium phthalimido 
and hydrolysing the proauct with hydrochloric 
acid at 200 . 

The aromatic amino-acids are used in tim 
preparation of azo-dyestuffs {q.v.)» 

o-Amindbenzoie acid. Anthranilic acid 

0eH4(NH,)C0,H (1:2) 

It was first obtained by heating indigo with 
caustic potash (Fritzsche, Annalen, 39, 83). It 
may be prepared by the reduction of o-nitro- 
benzoio acia with tin and hydrochloric acid 
(Beilstein and Kiihlbeig, Annalen, 163, 138), 
or with zino and sodium bisu^hite (Qold- 
berger, Ghem. Zentr. 1900, ii. 1014; v. also 
Prouss and Binz, Zeitsoh. ai^ew. Chem. 1900, [10] 
385 and Bad. Anil. u. Soda Fab. Eng. Pat. 18310 ; 
J. Soo. Chem. Ind. 1900, 774) ; by heating o- 
ohlorbenzoio acid and ammonia at 125° under 
pressure (Farbw. Meister, Lucius und Briining, 
D. B. P. 145604 ; Chem. Soo. Abst. 1904, i. 
50); by treating phthalimide with sodium 
hypochlorite and nydrochlorio acid or bromine 
and caustic potash (Hoogewerff and van Dorp, 
Ber. 1891, Ref. 066 ; Bad. Anil, und Soda Fab. 
D. R. P. 55988 ; Fidl. ii. 546 ; Amsterdamsohe 
Chininefabr^, Eng. Pat. 18240 ; J. Soo. Chem. 
Ind. 1891, 831) ; by boiling phthalhydroxylamio 
acid, formed by treating phthalio anhydride 
with hydroxy lamine, with oaustio soda or sodium 
carbonate (Cie. Par. de Coul. d* Aniline, Fr. Pat. 
318050 ; J. Soo. Chem. Ind. 1902, 1392 ; Farbw. 
Meister, Lucius und Briining, Eng. Pat. 1982, 
D. R. P. 136788 ; Easier Chemisohe Farbw. ; 
D. R. PP. 130301, 130302) ; by reducing snlph- 
anthranilio acid electrolyticalfy or with sodium 
amalgam (Kalle and Co. D. B. P. 129165 ; Chem. 
Zentr. 1902, i. 1138; D. R. P. 146716; Chem. 
Soo. Abst. 1904, i. 159) ; by treating o-nitro- 
toluene with concentrated alcoholic or aqueous 
alkali (Bad. Anil. und. Soda Fab. D. P. 
114839 ; Chem. Zentr. 1900, ii. 1892) ; by heating 



1«6 ABflNO-AOIDS. 


iBatoio aioid with concentrated hydroohlorie acid 
(Kolbe, J. pr. Chem. [2] 30, 124) ; and by oxidis- 
ing aoeto-o-toliiidide with permanganate in 
presence of magnesium sulphate and hydrolysing 
the product (Bad. Anil, und Soda Fab. D. R. P. 
94620). 

Anthranilio acid is of great commercial 
importance, as it is one of the intermediate 
products in the manufacture of synthetical 
indigo. It crystallises in colourless nlates, 
m.p. 144*6^, and is readilv soluble in aloonol or 
water. It condenses with formaldeiiyde, form- 
ing compounds which are of use in the prepara- 
tion of indigo (Heller and Fiesselmann, Annalen, 
324, 1 18 ; Had. Anil, und Soda Fab. D. R. PP. 
117924, 168090, 168340; J. Soc. Chem. Ind. 
1906, 616)i^^eduction with sodium amalgam 
in hydrochloric acid solution yields o-amino- 
benzylalcohol (Langeuth, Ber. 1906, 2062). 
Concentrated hydriomc acid decomposes it at 
200^ into ammonia, carbon dioxide, aniline and 
benzoic acid (Kwisda, Monatsh. 12, 427) ; whilst 
nitrous acid converts it in aqueous solution into 
salicylic acid. Anthranilic acid is employed in 
the preparation of azo- dyestuffs {q.v.) {v. also 
Bayer and Co. D. R. P.P 68271. 00494, 00500, 
86314 ; Frdl. iii. 614 el aeq. ; iv. 796). 

The methyl ester of anthranilio acid occurs in 
Neroli oil (oil of orange flowers) (Walbaiim, 
J. pr. Chem. 1899, 69, [0-71 360). It is prepared 
by heating anthranilic acid with methyl alcohol 
and hydrochloric acid (Erdmann, Ber. 1899, 
1213; D. R. P. 110380) or from acetylanthro- 
nilic acid, methyl alcohol and mineral acids 
(Erdmann, D. R. P. 113942 ; Chem. Zentr. 1900, 
ii. 831). It is a crystalline solid, m.p. 24*5% 
b.p. 136 ‘6^ (16 mm.)* The ethyl ester molts at 
13^ and boils at 136M37* (13-6 mm.); at 200®- 
208® (corr.) (Frankel and Spiro, Ber. 1896, 1084) 
Aminobenzoio acid alkamine esters {v. p-amino- 
benzoio acid). 

Anthranil 

is the anhydride or lactam of anthranilio acid, 
its constitution being still under discussion. It 
is prepared by treating the dimercury derivative 
of o-nitrotoluene (obtained by suspending o- 
nitrotoluene in water and heating it with freshly 
precipitated mercuric oxide ana caustic soda) 
with concentrated hydrochloric acid and decom- 
posing the product with water (Kalle and Go. 
Fr. Pat. 370622; D. R. P. 194364; J. Soc. 
Chem. Ind. 1907, 278 ; 1908, 713>; by heating 
o-nitrotoluene with caustic soda to 170* (Kalle 
and Co. D. R. P. 194811 ; Chem. Soo. Abstr. 
1908, L 786) ; by the reduction of o-nitrobenz* 
aldehyde with aluminium amalgam (Briihl, Ber. 
1903, 3634) ; and by the oxidation of o-amino- 
benzaldehyde with a neutral solution of Caro's 
persulphurio acid (Bamberger and Demuth, Ber. 
1903,829 ; 2042). 

Anthranil is an oil, readily volatile in steam, 
possesses a peculiar odoMi, and boils at 210*- 
213*. It dil^ves in alkalis to form salts of 
anthranilio acid and on treatment with aoetio 
anhydride yidds acetylanthranilio acid. 

m-Aminobengeie add^ Btnzatnie acid 
C«H4(NH,)C0,H (1:3), is prepared by re- 
duoing m-nitrooensoio acid with ammonium sul- 
phide and subsequently precipitating the aoid with 


tartaric acid (HoUeinao, Ree. Tray. Chim. 1902^ 
[11121, 66 ; V. also Gerland, Annalen^ 91, 188). 
It A a oolourless crystalline solid, m.p. 174* ; 
mringly soluble in cold, readily so in hot water. 
Reduction with sodium amalgam in l^dro- 
ohloric acid yields m-aminobenz^ alcohol (Isuig- 
guth, Ber. lW5t 2062). Concentrated hyoriodic 
acid transforms it into ammonia and benzoic 
acid (Kwisda, Monatsh. 12, 428). m-Amino- 
benzoic acid is used in the preparation of azo- 
dyestuffs {q.v,) (Bayer and Co., D. R PP. 68271, 
69081, 60494, 60600, 63104, 64529« 69446, 
74198, 74616, 78493, 86314; Frdl. iii. 614 
et aeq.. Ill et aeq . ; iv. 793, 796 ; Ges. f. Chem. 
Ind., D. R. P. 76127 ; FrdL iii. 746). Amino- 
benzoio acid alkamine esters (v. p-aminobenzoic 
aoid). 

p AmiTichenzoie acid C 4 H 4 (NHs)CO|H (1 : 4), 
is prepared by the reduction of p-nitrobenzoio 
acid with ammonium sulphide (Fischer, Annalen, 
127, 142) or with tin and hydrochloric aoid 
(Beilstein and Wilbrand, Annalen, 128, 164). 
It is a colourless crystalline solid, m.p. 186*- 
187®, readily soluble in water, alcohol, or ether. 
Strong hydrochloric acid at 180* converts it 
into aniline and carbon dioxide (Weith, ^r. 1879, 
106) and hydriodio aoid at 200® into ammonia, 
carbon dioxide, and benzole aoid (Kwisda, 
Monatsh. 12, 428). p-Aminobenzoio acid is 
used in the preparation of azo- dyestuffs {q*v.) 
(Bayer and Co. D. R. PP. 68271, 60494, 60600, 
86314; Frdl. iii. 614 et aeq.; iv. 795; Ges. 
f. Chem. Ind., B. R. P. 76127 ; Frdl. iii. 746). 

Many complicated alkvl- and alkamine esters 
of the aminobenzoio aoicU have been prepared 
and they are claimed to be valuable ana^sthetiod 
1 (Farbw. Meister, Lucius, and Bruning, D. R. PP. 
170687, 172301, 172447,172668,179627, 180291, 
180292, 194748, Eng. Pat. 17162, Fr. Pat. 
361734, U. S. Pat. 812664 ; J. Soo. Chem. Ind. 
1906, W7 ; 1907, 434; Chem. Soo. Abstr. 1900, 
i. 846 etaeq . ; 1907, i. 923 ; 1908, i. 638 ; Merck, 
D. R. P. 189336; J. Soo. Chem. Ind., 1908, 
471 ; Bayer and Co. D. R. PP. 211801, 218389, 
Eng. Pat. 4321 ; J. Soo. Chem. Ind. 1909, 864; 
Chem. Zentr. 1910, i. 782 ; Fritzsohe, Eng. Pat. 
2020, Fr. Pat. 398269, D. B. P. 213469; 
J. Soo. CSiem. Ind. 1909, 814). 

^-Amino-o-toluic acid C 4 H,‘CH,(NH 4 )C 04 H 
(1:4:2); mi]^ 196®. Obtained by the reduction 
of 4-nitrotoluio acid with tin and hydrocUorio 
aoid (Jacobsen and Wierss, Bor. 1883, 1969). 

5~Amino-o-toluic acid C 4 H,-CH,(NH 4 )CO|H 
(1:6:2); m.p. 163®, is obtained by tne re- 
duction of 6-nitrotoluio aoid with tin and hydro- 
chloric aoid (Jacobsen, Ber. 1884, 164). 

6-Amino-o-tofttic acid C,H,-CH,(NH,)CO|H 
(1:6: 2). Method of preparation as above ; 
m.p. 191* (J. and W. Lc.). 

2-Amino-m-toluie acid 0gH,-CH,(NH|)C08H 
(1:2:3). Method of preparation as above; 
m.p. 132* (Jacobsen, Ber. 1881, 2364), 172* 
(Jiiigens, Ber. 1907 4409). 

4^Amino-m4ciuie acid (Methylanthranilic 
acid)C,H,OH,(NH,)‘CO,H(l;4:3). Obtained 
by reduction of 4.nitro-fn-tduio aoid witii tin 
and hydroohlorio aoid (Jacobsen, Ber. 1881, 2364) 
or by treating p-methylisatoio aoid with conoen- 
trated hydroohlorio aoid (Panaotovio, J. pr. 
Chem. [2183, 62); m.p. 172* (Ehrlich, Ber. 1901, 
8366), 176* (Findeklee, Ber. 1906, 3633). 

0-Amiwhtihioluic acid C 4 H,-CH,(NHjOO,II 



i’J**?^* ”**P* • Obtained by reduction 

of o-mtro-m-toluio acid (Beilstein and Kieuiler. 
Annalen^lil, 147). 

(1:2:4); m.p. 164®-1 fiS*. Method of preparation 
as aboye (Ahrens, Zeitmh. f. Chemie, 1869, 1(H). 
A, rx (ATomo-anf/tf-antltc acid) 
(1:3:4); m.p. 177*. 
Meth^ of preparation as above (Niementowski 
and Rozanski, Ber. 1888, 1997 ; Noyes, Amer. 
Chem. J, 10, 479). » • 

V-Amino-o-t(Au%c acid {Bemulamine-o-car- 
boxylw acid) NH*-CH, C.H 4 CO,H (1 : 2). Ob- 
tain^ by digesting 1 part of o-oyanobenzja- 
phthahmido with 4 parts of concentrated sulphuric 
acid (Gabriel, Ber. 1887, 2231). CrystaUine non- 
volatile solid. 

I'-Anu^-m-foftfte acid lBemylamim-m<ar~ 
boaeyhc acid NHa-CH,*C.H. CO-H (1:3): mo. 
216®-218® By heating at 200"* a mixture of 
2 grams m-^anobcnzvlphthalimide and 10 c.c. 
jojcei^ated hydrochloric acid (Reinglass, Bor. 

r-Amtito-p-toliitc acid (Benzylamine-n-car- 
6oaryhcac»d)NH, CH,-C4H4 CO,H(l :4). Method 
(Gunther, Ber. 1890, 

1060). C^stallino solid. 

2-Amino-a-ioluic acid {2~Amincphenylace- 
liCflctd)NHj*C4H4"CH2*C02H (1 : 2) is not known 
in the free state ; all attempts to prepare it 
reaiUt in the formation of its anhydride, oxindole. 
Oxindole 


fi AMTNO OARVACROL. 


c.h.<ch.^o 


is obtained by treating 2-nitro a toluio acid 
.'oJS “d tydrochlonc acid (Bayer, Ber. 
1878, 683), or by reducing dioxindole with tin 
and hydrochloric acid, or with sodium amalgam 
(Bayw and Knop, Annalen, 140, 29). Crystal- 
lises in colourless needles ; m.p. 120°. 

(S-Aminophenylace- 
tw acid) NHj'C^H^’CHj’COgH (1 : 3). Obtained 
by reduemg 3-nitro-a-toluio acid with tin and 
hydrochloric acid; m.p. 148°-149° (Gabriel and 
Borgmann, Ber. 1883, 2065). 

A~Amino-a-toluic acid {^-Aminophenyheciie 
acid) NHg’CgHg’CHj'COgH (1:4). Method of 
preparation as above (Radziozewski, Bor. 1869 
209) ; m.p. 199®-2(X)° (Bedson, Chom. Soc. 
Trans. 1880, 92). 

a-Amir^enylacetic acid CeH 5 CH(NHg)CO,H. 
Obtained by heating a-phonylbromacetio acid 
with aqueous ammonia at 100°-1 10° (Stiickenius 
?o®J'a ^2®?)* “-P- 2®*’ (Tiemann, Ber. 
18TO, 383).4||£abUmes without melting at 2(55° 
(islbers, Annalen, 227, 344). T S M 

2AMIN0ANTHRAQUIN0KE 
CO 
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from chlorobenzene (Farbw. vorm Meister, 
Lucius und Bruning, D. B. P. 267212). 

Or the sodium aixthraquinone-2-8ulphonate, 
in the form of a paste, is mixed with manganese 
dioxide and ammonia solution, and beam at 
200°. The product is treated with sulphurous 
acid or acid sodium sulphite to remove the 
manganese, and dried. 

A mixture of sodium dichromate and ammo- 
nium chloride may be substituted for the 
manganese dioxide (Bad. Anilin und Soda Fab. 
D. B. P. 266616). For details, see Cain’s 
Intermediate Products for Dyes. 

Alternative methods are to condense w- 
aminobenzoylbenzoic acid by means of sulphuric 
acid (Basle Chem. Works, D. R. P. 148110), 
or the carbamide derivative of M^/same acid 
(Akt. fiir Anilinfab. Eng. Pat. 8914, 1914) ; by 
hydrolysing 2-p-toluene8ulphonylaminoanthra- 
quinone (Ullmann, D. R. P. 224982) ; by the 
action oi ammonia and oxidising agents on 
mesohalogen anthracene'2-sulphonic acids (Bad. 
Anilin und Soda Fab. D. R. P. 288996) ; br by 
heating 2-chloroanthraquinone with ammonia 
(Parbenfab. vorm. F. Bayer and Co. D. R. P. 
296624). 

AMINO AZOBENZENE {AnilinB yellow) v. 

Azo- COLOUIUNU MATTKB. 

o-AMINOAZOTOLUENE 


CH3 CH3 

On.Onh. 


oa>- 


CO 

red needles; m.p. 302°. Is employed in the 
manufacture of indanthrene and indanthrene 
dyes (t;. Indakthbexe). It is made technically 
by heating under pressure at 170°, a mixture of 
sodium anthtaqainone-2-sulphonate with an 
aqueous solution of barium chloride and dilute 
ammonia. The -filtered product is washed with 
water, dilute hydrochloric add, and weak 
•odium hydroxide solutioiis, and is crystallised 


may be made by heating to 26°-30° o-toluidiire 
with an aqueous solution of sodium nitrite 
and hydrochloric acid in a lead-lined iron pan 
fitted with a jacket for water- cooling and a 
stirring arrangement. The excess of toluidine 
is removed by neutralising with hydrochlorio 
acid when the o-aminoazotoluene hydrochloride 
separates out. It is employed in the manu- 
facture of cloth reds and safranino, and is sold 
as Yellow Fat colour and as Fast Azo- Garnet 
base (c/. Cain’s Intermediate Products for Dyes). 

Tho baso is sparingly soluble in water, 
readily soluble in alcohol and ether ; m.p. 100°, 
m-AMINOBEtNZ ALDEHYDE is prepared by 
heating a mixture of ?a-nitrobenzaldehyde with 
a solution^ of sodium hydrogen sulphite and 
ferrous oxide, made by boiling a solution of 
ferrous sulphate with chalk. After filtration 
the solution is acidified and boiled to expel 
sulphur dioxide (B’arbw. vorm. Mcister, Lucius 
und Bruning. D. R. P. 62960, 66241). Or the 
nitrobenzaldehyde may bo heated with an 
aqueous solution of sodium hyposulphite, the 
solution cooled, mixed with hydrochloric acid, 
again boiled to expel sulphur dioxide. On 
cooling, the anhydro- derivative of o-amino- 
bcnzaldehyde 


NH, (CH6 


separates out (Farb. Fabrik vorm. F, Bayer und 
Co. D. R. P. 218364 ; of. 6BNZAT.DEHYDE,Dmt;a- 
lives of ; and Cain’s Intermediate Products for 
Dyes). 

a AMINOOAPROIC ACID v. Lbucdtb. 
p-AMINOOARVACROL. A photographic 
developer, resembling metol andp-aminopheltel 
in developing properties; its solution keeps 
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AMINO CABVAOROL. 


better than that of the latter. Obtained by 
reducing an ammoniacal solution of p-nitroso 
carvacrol by hydrogen eulphido when p-amino 
carvaorol eeparatea in colourless leaves (Brit. J. 
Phot. 1010, 60, 634). 

p.AlllirODIPHENYl.AMIirE 

nh.onh<3> 

m.p. 76® ; b.p. 364® (in hydrogen), is prepared 
by heating together in an oil-bath at 180®-! 86® 
a mixture of sodium 2-chloro-5-nitrobenzene* 
ttulphonate (from p-chloronitrobenzene), glycerol, 
chalk, and aniline. After dilution with water, 
sodium carbonate is added, and the excess of 
aniline removed by steam distillation. After 
filtration sStlium p-nitrodiphenylamine-o-sul- 
phonate crystallises out. This is warmed with 
hydrochlorio acid, and nitrodiphcnylamine* 
sulphonic acid is formed as a brownish-red oil, 
which by further heating is converted into the 
cryai^line p-nitrodiphenylamine. This is sepa- 
rated, treated with ammonia, washed, and dried. 
To reduce it, it is dissolved in alcohol, ammo- 
nium chloride added, heated to boiling, and 
mixed with zinc-dust, and a small quantity of 
a solution of sodium hydrogen sulphite, the 
whole filtered into 60 p.c. sulphuric acid, when 
insoluble aminodipheny^araino sulphate separates 
out. By treating this salt with water and 
ammonia the free base is obtained. (For 
details, see Cain's Intermediate Products for 
Dyes.) 

AMINOETHYL ALCOHOL v. Ohoune. 

4-/3-AMINOETHYLGLYOXALINE v. Eroot. 

3-AMINO-7HYDROXYPHENAZINE 


N 



is obtained, according to Nietzki and Simon 
(Ber. 1896, 28, 2974), by boating an aqueous 
solution of 2 : 4-diamino-4'-hydroxydiphenyl- 
amine hydhxiohloride with ammonia and man- 
ganero oxide until the blue colour disappears, 
filtering, and acidifying with hydrochlorio acid, 
when the phonazine hydrochloride separates. 
The free base is obtained by treating the hydro- 
chloride with sodium carbonate. 

Ullmann and Gnaedinger (Ber. 1912, 46, 
3^2) blow air through a solution of m-phenylene- 
diamine sulphate and p-aminophenol hydro- 
chloride, containing sodium hydroxide. The 
compound NH ; C«H,(NH.) ; N’CeH4-0H,2H,0 
is obtained, which, on solution in ammonia, 
warmed, and again treated with air until the 
blue colour changes to red, yields, after filtration 
and addition of hydrochloric acid, the phenazine 
hydrochloride. 

3-Amino-7-hydroxyphenazine melts at 360®, 
and dissolves in aloohol or ether with a green 
fluorescence. 

1.AMINO-2.METHYLANTHRAQU1NONE 



Obtained by adding sodium nitrate to a cooled 


solution of methylanthraquinone in sulphuric 
acick and reducing the l-nitro-2-methylanthra- 
quinone so formed by sodium sulphide or 
stannous hydroxide; m.p. 202®. Inroluble in 
water ; readily soluble in moohol, ether, benzene, 
or acetic acid (Bomer and Link, Ber. 1883, 16, 
696 ; Scholl and Holdermann, Ber. 1907, 
40, 1696). 

AMINONAPHTHOL SULPHONIC ACIDS v. 

BT A Y>xx#pfT A T v 

AMINONAPHTHOPHENAZIME V. Azraiss. 

}>-AHINOPHENOL may be 

made by reducing p-nitrophenol with tin and 
hydrocmoric acid in presence of sulphuric acid 
when p-aminophenol sulphate separates. The 
base is liberated by sodium carbonate, acid 
sodium sulphite being added to provent oxida- 
tion. The reduction may also be made by 
sodium hyposulphite in alkaline solution, or by 
iron, ferrous chloride, and hydrochlorio acia, 
or by the catalytic action of nickel. 

p-Aminophenol may also be prepared by 
reducing p-azophenol OH'CeH 4 *Ns*CeH 4 *OH, 
with stannous chloride or zinc-dust and sodium 
hydroxide; or by the action of sodium hypo- 
smphite or sodium sulphide on a hot alkaline 
solution of p-hydroxyazobenzene. The p-amino- 
phenol sulphate may be obtained from a solution 
of nitrobenzene in sulphuric acid by the action 
of zinc-dust, or by electrolytic reduction using 
carbon cathodes (Darmstadter, D. R. P. 
160800) ; or a copper cathode in a lead cylinder 
as an anode (See. Chem. Ind. Basie, Eng.* Pat. 
18081, 1915). 

p-Aminoi>henol forms white crystalline plates 
melting at 184®. It rapidly oxidises in air. 
Comes into commerce as Vraol P for dyeing fur, 
and as a photographio developer under the name 
of Jtodinal. 

2-AMINOPHENOL 4 SULPHONIC ACID 

NHa 

Obtained by nitrating phonol-p-sulphonio acid 
with nitric acid and reducing with iron ; or by 
sulphonating o-aminophenoT ; or by fusing 
aniline -2 : 6-di8ulphonic acid with sodium hy- 
droxide. 

AMINOPHENOPHENANTHRAZINE v. 

Azineh. 

AMINOPHENYLACETIC ACID v. Amii70- 
ACiDS (Aromatic). 

a- and jS-AMINOPROPIONItil ACIDS v. 

Alanine. 

AMINOSALICYUC ACID v, Salioylic acid. 

a-AMINO-Mo-VALERIC ACID v. Valine. 

AMLA (Beng.), AMLIKA (Hind.), AMUKU 
(Ass.), OWLA (Meohi), NELLI and TOPPINELLI 
(Tam.). A euphorbiaoeous Indian tree, PfwUan- 
thus emblica (Linn.), the fruits of which (^mbftc 
myrdbalana) are ua^ in a fresh condition as a 
laxative, and, when dried, as an astringent 
(Dymook, Pharm. J. [3j 10, 382). The fruits 
are also pickled and eaten, and used for tanning 
and dyeing. 

AMMONAL V , Explosives. 

AMMONIA. VokdiU alkali, alkaline air, 
spirit of harUhom. Solutions of ammonia have 
l^n Imown from very early times, but the 
substanoe itself was first dearly rsoognised by 



AMMONU. 


Priestley, who obtained it by heating the aqueous 
solution and collecting the gas, which he termed 
alhaline air, over mercury. Scheele proved lhat 
it contained nitrogen ; and BerthoUet, and more 
accurately Austin, demonstrated its r^ nature, 
and determined the proportions of its con- 
stituents. 

Ammonia (or its salts) is found in small 
quantities in the air, and in most natural water ; 
in the juice of plants, in most animal fluids, in 
many soils, and in a few minerals, ochres, clays, 
marls, &o. Ammonia can be obtained syntheti- 
cally in small quantity by the passage of elec- 
trical discharges through a mixture of nitrogen 
and hydrogen (Donkin, Pogg. Ann. 21, 281) ; or 
heating the mixture to a high temperature 
(Haber, Zeitsch. Elektrochem. 1014, 20, 097 ; 
Maxted, Ohem. Soc. Trans. 1918, 113, 168, 386; 
1919, 115, 113; J. Soc. Ohem. Ind. 1918, 37, 
232) ; or as nitrite b^ the action of a strong in- 
duction spark on a mixture of nitrogen and water 
vapour (Thenard, Compt. rend. 76, 983) ; or as 
chloride by sparking a mixture of hy^ogen, 
nitrogen, and hydrogen chloride (Deville, Compt. 
rend. 60, 317) ; or by the action of heated 
spongy platinum, pumice, Ac., on a mixture of 
hydrogen and nitric acid. 

For laboratory purposes the gas is usually 
prepared by heating a mixture of ammonium 
chloride or sulphate with slaked lime, or by 
gently warming the concentrated solution, and 
drying the gas over quicklime. (For the pre- 
paration of the chemically pure gas, see Stas, 
Zcitsch. anal. Ohem. 6, 423.) 

Ammonia is a colourless gas, having a very 
pungent characteristic smell, and is poisonous 
when breathed in quantity, destroying the 
mucous membrane. It has a sp.gr. of 0*5967 
(air ~ 1), 1 litre of the gas at 0^ and 760 mm. 
weighing 0*7708 gram, and readily liquelies on 
compression, the critical temperatuio being 
132*9® dhO’l, and the critical pressure 112*3dbO*I 
atm. (Cardoso and Gillay, J. chim. phys. 1912, 
10, 514). Its critical density is 0*2362 (Bcr- 
thoud). Liquid ammonia is colourless and very 
mobile, and has a sp.gr. at 0®/4® of 0*6385 
(Dieterici), 0*6388 (Drewes), the coefficient of 
expansion being very high and increasing 
rapidly with the temperature. It boils under 
atmospheric pressure at -33*2-34*6® (Burrell 
and Robertson), and freezes to a white crystal- 
line solid at —77® (Keyes and Brownlee), 
—77® (Brill), the vapour pressure being us 
follows (Regnault, J. 1863, 70) : — 

at —30® 1*14 atm. at 0® 4*19 atm. 

„ -20® 1*83 „ „ 10® 6*02 „ 

10® 2*82 „ „ 20® 8*41 „ 

The dependence of the vapour pressure on 
temperature down to the freezing-point may be 
expressed by the equation : log p = — I969*65/T 
+ 10*19786 - 0 0423868T + 5*4131 + lO-^T* 
-3*2716 xl0-»T’. 

Its latent heat of evaporation decreases from 
333*0 Cal. at -42® to 262*6 Cal. at 49®. The 
variation of the latent heat with the tempera- 
ture may be expressed by the formula 

L *= 32*968 v'l^****-«-0-6985(133-«) 
in which $ represents the actual temperature and 
133 the critical temperature. The specific heat 
of saturated ammonia vapour expressed in 
joules per gram per ^ree varies from —4*42 


lOO 

at —45® to —8*36 at 46®. To reduce these 
numbers to 20® Calories, they must be divided 
by 4*163 (Osborne and van Dusen, J. Amer. 
Chem. Soc. 1918, 40, 14). The specific heat of 
liquid ammonia increases fiom 1*058 at —46® 
to 1 *173 at 45®. Its dependence on temperature 
may be expressed by the equation: 

c 0*7498 - 0*0001368 -f 4*0263^133-8 

in which c is expressed in terms of the 20® 
Calorie and 8 is the temperature (Osborne and 
van Duser, l.c.). Liquid ammonia is produced 
commercially in large quantity for employment 
in freezing machines. In many of its physical 
properties the liquid resembles water, and it aots 
as a solvent for a large number of substances. 

Ammonia gas bums with diffin^ilty in the 
air when cold, but inflames more readily on 
heating, and still more readily in oxygen, 
giving a greenish-yellow flame of high tempera- 
ture. In presence of suitable catalysts, such as 
copper, iron, nickel, and especially platinum, 
ammonia is oxidised by oxygen at lower tem- 
peratures with production ox oxides of nitrogen, 
the manufacture of nitric acid from ammonia by 
Ostwald’s process (Eng. Pat. 698, 1902) being 
carried out in this manner. A number of the 
elements, when heated in ammonia gas, yiold 
corresponding nitrides .* boron, magnesium, and 
titanium being especially active in this respect, 
whilst the alkali metals give rise to amides. 
With carbon at temperatures above 760® 
ammonia is partly dissociated, and partly 
converted into hydrocyanic acid, the presence 
of the latter in crude coal gas being largely dfio 
to this reaction. 

Many salts combine with ammonia to form 
stable compounds at the ordinary temperature, 
the ammonia playing the same part as water of 
crystallisation, it is evolved on heating, liquid 
ammonia having been first obtained by Faraday, 
in 1823, by warming the compound with silver 
chloride 2AgCl,3NH3, in a sealed tube. 

The action of heat upon ammonia has boon 
investigated by Ramsay and Young (Ohem. Soo. 
Trans. 45, 92), Perman (Proo. Roy. Soo. 74, 
110; 76A, 167), Haber and v. Oordt (Zeitsch. 
anorg. Ohem. 44, 341), and Nornst and Jost 
(Zeitsch, Elok. 13, 621). Under atmospheric 
pressure, decomposition commences at tempera- 
tures below 600®, its extent increasing rapidly 
with the temperature, but the speed with which 
equilibrium is attained between undecomposed 
ammonia and nitrogen and hydrogen varies 
greatly according to the nature of the surfaces 
with which the gases are in contact. Glass is 
very inactive, but porcelain and many metals 
and their oxides have a very strong accelerating 
effect In presence of the latter decomposition 
becomes nearly complete at 630® under atmo- 
spheric pressure, but the last traces do not dis- 
appear even at 1000®. Conversely, in presence 
of iron as catalyst, Haber and v. Oordt nnd that 
at 1000® traces of ammonia are formed from 
nitrogen and hydrogen at atmospheric pressure, 
and ^emst and Jost have found that small 
quantities are formed at the same tempera- 
ture under the greater pressure at 60-70 atm. 
At temperatures of 500 -650® under 200 atm. 
pressure, in presence of metallic osmium or 
uranium, nitrogen and hydrogen combine to a 
considerable extent (see below). 
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It has been shown by Brener (Sitssungnber, 
K. Akad. Wise. Berlin, 1001, 1228), and by 
D. Beithelot and Gaudechon (Oompt. rend. 1913, 
156, 1243), Coehnand Pringent (Zeitsch. Elektro- 
ohem. 1614, 20, 275) that ammonia is completely 
decomposed by ultra-violet light. 

Under certain conditions a mixture of air 
and ammonia gas may be exploded by an electric 
spark (Sohlumuerger and I'lotrowski, J. Gasbel. 
1914, 57, 941). Fires which have occurred in 
the neighbourhood of refrigerating machines 
have been attributed to ignition of mixtures of 
air with ammonia, or, according to Bchr, to the 
ignition of hydrogen formed in the machine by 
decomposition of ammonia at the high tempera- 
ture and pressures produced by starting with 
a closed disolmrge stop- valve (Cattaneo, Zcitsoh. 
ges. Kalte-ImlUstrie). 


Ammonia gas is very soluble in water, 
alcohol, ether, and many saline solutions, the 
aquibus solution (causuo ammonia or Uqmor 
ammanice) being of great commercial importance. 
One gram of water at 0° and 760 mm. absorbs 
1148 c.c. or 0*876 gram of ammonia, at 10^ 
0*679 gram, at 20'' 0*626 gram, at 30** 0*403 gram, 
and at 100° 0*074 gram (Roscoe and Dittmar, 
Chem. Soc. Trans. 12, 128 ; Sims, Chem. Soc. 
Trans. 14, 1 ; see also Perman, Chem. Soc. 
Trans. 79. 718; 83, 1168). In the act of 
solution much heat is evolved, and according to 
Thomsen, NH^-f aq. = 8430 oals. 

The density of aqueous solutions of ammonia 
of varying strength is shown in the accompany- 
ing table, according to the determinations of 
Lunge and Wicrnik. 


Density of Aqueous Solutions of Ammonia at 16° (Lunoe and Wibknik). 


8p.gr. 

Nils 

p.c. 

1 litre con- 
tainaNHsg. 

Correction of 
Bp.gr. for ± l** 

Sp.gr. 

NHs 

p.c. 

nitre con- 
tainsNIIsg. 

Correction of 
sp.gr. for±l® 

1000 

0-00 

0-0 

0-00018 

0-940 

15-63 

146-9 

0-00039 

0-908 

0-46 

4-6 

0-00018 

0-938 

16-22 

162-1 

0-00040 

0*006 

0-91 

9-1 

0-00019 

0-936 

16-82 

167-4 

0-00041 

0*994 

1-37 

13-6 

000019 

0-934 

17*42 

162-7 

0-00041 

0-902 

1-84 

J82 

0-00020 

0-932 

18-03 

168-1 

0-00042 

0-990 

2-31 

22-9 

0-00020 

0-930 

18-64 

173*4 

0-00042 

0-988 

2-80 

27-7 

0-00021 

0-928 

19-26 

178-6 

0-00043 

0-986 

3-30 

32-6 

0-00021 

0-926 

19-87 

184-2 

0-00044 

0-984 

3-80 

37-4 

0-00022 

0-924 

20-49 

189-3 

0-00046 

0-082 

4-30 

42-2 

0-00022 

0022 

21-12 

194-7 

0-00046 

0-980 

4-80 

47-0 

0-00023 

0-920 

21-75 

200-1 

0-00047 

0-078 

5-30 

61-8 

0-00023 

0-918 

22-39 

206-6 

0-00048 

0-976 

6-80 

66-6 

000024 

0-916 

23-03 

210-9 

0-00049 

0-974 

6-30 

61-4 

0-00024 

0-914 

23-68 

216-3 

0-00060 

0-972 

6-80 

66-1 

0-00026 

0-912 

24-33 

221-9 

0-00051 

0-070 

7*31 

70-9 

0-00026 

0-910 

24-99 

227-4 

0-00062 

0-968 

7-82 

76-7 

0-(X)020 

0-908 

25-65 1 

232-9 

0-00063 

0-066 

8-33 

80-6 

0-00026 

0-906 

26-31 

238-3 

0-00064 

0-064 

8-84 

86-2 

0-00027 

0-004 

26-98 

243-9 

0-00065 

0-062 

0-36 

89-9 

0-00028 

0-lK)2 

27-65 

249-4 

0-00066 

0-960 

9-91 

95-1 

0-00029 

0-900 

28-33 

266-0 

0-00067 

0-968 . 

10-47 

100-3 

0-00030 

0-898 

29-01 

260-5 

0-00058 

0-966 

11-03 

106-4 

0-00031 

0-896 

29-69 

266-0 

0-00069 

0-964 

11-60 

110-7 

0-00032 

0-894 

30-37 

271-6 

0-00060 

0-962 

12-17 

116-9 

0-00033 

0-892 

31-05 

277-0 

0-00060 

0*960 

12-74 

121-0 

0-00034 

0-890 

31 76 

282-6 

0-00061 

0-948 

13-31 

1262 

0-00036 

0-888 

32-60 

288-6 

0-00062 

0-946 

13-88 

131-3 

0-00036 

0-886 

33-26 

294-.6 

0-00063 

0-944 

14-46 

136-6 

0-00037 

0-884 

34-10 

301-4 

0-00064 

0-042 

16-04 

141-7 

0-00038 

0-882 

34-96 

308-3 

0-00066 


The solution is very strongly alkaline, and 
unites with acids to form the ammonium salts, 
and it is frequently supposed that the solution 
contains amiuonium hydroxide NH.*OH, corro- 
spondi^ to NaOH and KOH. The evidence 
for this view is not altogether conclusive, and 
the physical properties of the solution at the 
ordinary temperature are in some respects 
o^osed to presence of the compound 
and in favour of the supposition that 
the ammonia is dissolved as such. At very low 
temperatures, however, Rupert (J. Amer. t^hem. 
Soc. 31, 866; 32, 748) has shown that two 
definite hydrates exist, the freezing-point curve 
of mixtures of ammonia and water in varying 
proportions showing two well-defined minima at 
—87° and —94° respectively, the composition at 


these two points corresponding to the formulas 
! NUa.H^O and 2 NH 4 ,H 40 . The first-named 
' forms small colourless crystals resembling those 
of sodium and potassium hydroxide ; and the 
latter, larger needle-shaped crystals. Whether 
these are true hydrates or are to be re- 
garded as ammonium hydroxide NHsOH and 
j ammonium oxide (Nri^ 4 )aO, is at present 
uncertain. 

The aqueous solution of ammonia also dis- 
solves many metallic oxides and hydroxides, 
such as Ag, 0 ,Cu(OH) 4 , as well as many salts 
wliioh are insoluble in water, such as sUver 
chloride and phosphate, and cuprous chloride, 
and also acts as a solvent for many fats and 
> resins. The solution of cupric hyo^xide in 
ammonia is of considerable commerdal impor- 
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tanoe, aa it Is a solvent for oettalose» and is 
used in \me quantities in the manufaoture of 
artifioial sUk. 

L TaelmiMl sourcas of ammonia.^ Ammonia 
is formed in nature chiefly during the decay of 
nitrogenous oiganio sumtances, and conse- 
quently exists in considerable quantity both in 
the sou and the atmosphere. Whilst this is of 
the greatest importance for agriculture, it is 
only possible in very exceptional cases to 
utilise this source for the manufacture of am- 
monium salts, the greater proportion of the 
world's production being obtained by the 
destructive distillation of nitrogenous oiganio 
matter, chiefly coal. 

A. Nalural occurrence, of ammoniaeal com- 
pounds tn quantity of commercial impoi^nce . — 
Ammoniuni carbonate has been found in guano 
deposits on the West Coast of South America, 
and has been inmorted into Europe, a sample 
imported into Germany in 1848 consisting 
essentially of ammonium bicarbonate mixed 
with some insoluble matter. Ammonium sul- 
phate is contained in the Tuscan * soflioni,' and 
IS there obtained in considerable quantity as a 
by-product in the manufacture of boric acid. 
Ammonium chloride, together with sulphate, is 
sometimes found in the neighbourhood of 
volcanoes. 

B. Synthetic proceasea for production of 
ammonia . — Very many attempts have been 
made to effect tho manufacture of ammonia from 
atmospheric nitrogen and hydrogen, and a 
large number of processes with this object have 
been patented, but until recently, no method 
which has been proposed has proved successful 
on a commercial scale, for although, as stated 
above, nitrogen and hydrogen combine together 
to a slight extent to form ammonia, when heated 
together under suitable conditions, the yield 
at liigh temperatures was so small that tho cost 
of production would be prohibitive. With 
many of the methods proposed — such as those 
of Swindells (Eng. Pat. Juno 21, 1876), Rickman j 
(Eng. Pat. 3341, 1878), Glover (Eng. Pat. 1890, 
1880), Solvay (Bull. Soc. chim. 26, 627),! 
Wagner (Jahresbericht. 1876, 444), Bassett | 
(Eng. Pat. 4338, 1879) — ^it is very doubtful 
whether, in fact, any ammonia is produced 
synthetically, the ammonia obtained being 
more probably all derived from the nitrogen 
present in the coal -or coke employed in each of 
these processes. The processes of Johnson 
(Chem. News, 43, pp. 42, 288), Woltereck (J. 
Soc. Chem. Ind. 1908, 168, 978 ; Eng. Pat. 
2461, 1902 ; 16604, 1904 ; 8358, 1906), Mond 
(J. Soc. Chem. Ind. 1889, 505), and Both 
(D. R. P. 191914), in which a mixture of nitrogen 
and hydrogen is passed over various heated 
catalyao agents, do not appear to have resulted 
in any commercial yield of ammonia. Haber 
(2^it6oh. Elek. Chem. 16, 244) has found that 
when a mixture of 1 vol. of nitrogen and 3 vols. 
of hydrogen is heated with motallio osmium 
to 650** under a pressure of 200 atm., a very 
considerable production of ammonia takes place 
amounting to 8 p.o. of the mixed gas, and 
although osmium is too scarce and expensive 
for tecmucal use, it may be replaced by metallic 

* Tor more complete details, ate Ludm's Coal-Tar 

and Ammonia (Ouraey and Jackion, 1016). 
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uranium with good results. With a small 
apparatus constructed to allow of the circula- 
tion of the mixed gas under this pressure over 
uranium heated to about 500°, and cooling 
between each passage of the gas over the metal, 
Haber has synthesised ammonia at the rate of 
about 90 grams per hour, the ammonia separating 
out on cooling under these conditions as a 
liquid. 

The Haber process has now been develop^ 
on a very large scale by the Badisohe Amlin 
und Soda Fabrik, and it is stated that in 1918 
a quantity of ammonia equivalent to 400,000 
tons of ammonium sulphate was manufactured 
by this method (Eng. Pats. 17642, 17061, 1909 ; 
10441, 13097, 15976, 19249, 19778, 20127, 1910 ; 
61, 5833-6, 21151, 24057, 25252, 28167, 1911 ; 
1161, 3345, 9841, 22362, 25259, 1912; 24823, 
1913 ; 8763, 1015). The work done by them 
has especially consisted in tho design and con- 
struction of suitable plant to withstand the 
combined liigli temperatures and high pressures 
necessary for successful working, and the 
selection of suitable catalysts of less expensive 
character than the osmium and uranium 
employed in the small scale experiments. No 
details of the exact construction of plant or of 
tho actual catalyst now employed liave been 
published, but Bonthsen (Zcitsch. angew. Chem. 
1913, 10) states that the more expensive forms 
of tho latter first used can be replaced by 
cheaper metals such as iron, manganese, and 
molybdenum, which are ' activated ' by the 
addition of other substances. C^ontact * poisoqi * 
both in the catalyst itself and in the mixture of 
nitrogen and hydrogen used must bo very com- 
pletely excluded ; tho following substanoes 
especially having proved very deleterious : 
Huiphiir, Kelenium, tellurium, phosphorus, arsenic, 
boron, some hydrocarbons, and the readily 
fusible metals or their oxides, such as lead, 
bismuth, and tin. Much experimental work on 
the dircutsynthesis of ammonia from nitrogen and 
hydrogen has been carried out in Great Britain 
during tho last few yearn, both on the laboratory 
and on a semi -indust rial scale, tho results of 
which have only been partially published 
Maxted, Ohomical Age, 1919, 1, 614, 640, 500). 
Up to the present (1919) no plant has been 
erected for tho production of ammonia by this 
method in this country. 

Attempts to effect the synthesis of ammonia 
from a mixture of nitrogen and hydrogen by 
tho passage of the silent discharge or sparks 
have failed to give a 8ufli< jent yield for com- 
mercial success, and a similar l^k of success 
long attended the efforts to produce ammonia 
by combining atmospheric lutrogen with ele- 
ments which readily form nitrides, such os 
boron, titanium, magnesium, and subsequent 
conversion of the nitride into ammonia by the 
action of steam. Recently, however, Serpek 
and the Soc. Gen. des Nitrures (Eng. Pats. 
13579, 1906 ; 7607, 16995-7, 1909; 13086, 
1910; 23544, 25141, 1011 ; 8347-9, 10036, 
22435, 25630, 1912; 10975, 11001, 21366, 
23740, 24731, 27030, 27971, 1913 ; 4287, 22586, 
24^3, 1914} have developed a process dependent 
oh the formation of aluminium nitride by the 
aotibn of carbon and nitrogen on alumina at 
h4(h temperatures, and sutoequent conversion 
of the nitride into ammonia, with reoovexy of 
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the alamina, by heating with water under 
preMure. To carry out the procew, bauxite, 
which xeaotc more readily than pure alumina, is 
preheated to a temperature of about IdOO"* and 
passing through a revolving electric carbon- 
resisti^ furnace, the nitrogen being supplied 
from a current of produccr-gas passing through 
the furnace in the opposite direction to the flow 
of bauxite. The crude nitride is then heated 
under pressure with dilute alkali, which effects 
the conversion into ammonia much more readily 
than water. A number of plants working this 
process are being erected in Franco by the 
Soo. Gen. des Nitrures. 

0. Prodvjctum from cyanides. — It has long 
been known^hat nitrogen combines at high 
temperature!^ with carbon and alkalis with 

E roauction of cyanides, and maiw attempts 
ave been made during the last fifty ‘years to 
manufacture cyanides in this manner and to 
convert these subsequently into ammonia by 
the action of superheated steam. The large 
demand for cyanides themselves, resulting from 
their employment in the extractions of gold 
from the mine tailings, and the fact that at 
present nitrogen, in the form of cyanide, com- 
mands a higher price than in the form of 
ammonia, has made such processes of no value 
for ammonia production under existing condi- 
tions, and in fact, at the present time, the 
opposite process of converting ammonia into 
cyanides is carried on to a large extent. The 
methods proposed, so far as they relate to 
cyanide proauction, will bo discussed under 
tnat hoaaing, but one method may be here 
mentioned, namely, tho manufacture of calcium 
oyanamido, Ca:N‘C|N, according to Frank 
and Caro's process (J. fiioc. Chem. Ind. lOOB, 
1093), by the action of nitrogen on heated 
calcium carbide, this being simultaneously a 
cyanogen and an ammonia derivative {v. Cyan- 
amide, art. Nitrooen, Atmosphkrio, Utiusa- 
TiON of). This substance may readily bo con- 
verted into ammonia by th<' action of supot- 
heated steam, but it is for the most part 
directly employed on the land as a nitrogenous 
manure. 

D. Ammonia from urine, sewage, and aniimd 
excreta. — Urine is not merely the oldest, but 
for centuries was tho only source of obtaining 
ammonia compounds on a commercial scale. 
It is stated that sal-ammoniac made from it was 
on article of commerce as early as 1410, an<l 
that the Jesuit Sicard in 1720 saw the manu- 
facture of it in tho Delta of tho Nile. In Egypt 
sal-ammoniao was made by burning camels' dung 
and collecting tho sublimate. Putrefied urine 
(in which tho urea has passed into ammonium 
oarbonato) has been used for centuries, and to a 
oertain extent is still used by dyers as a source 
of ammonia for scouring wool and other purposes. 

Normal urine contains per litre from 20 to 
35 grams urea (carbamide), which after a short 
time is changed into ammonium carbonate 
under the influence of a micro* oiganism. An 
adult man produces from 22 to 37 grams urea 
per 24 hours, together with a little uric aoid, 
oorrespondipg to 12‘5-21 grams NH3 per day, 
or between 9 and 17 lbs. per annum. If all the 
ammonia obtainable from London urine were 
recovered this would amount to 100,000 tons 
of ammonium sulphate per annum. 


Owing to the now almost univeisal adoption 
of th^ removal of sewage by means of water, the 
dilution of the ammonia in the combinflU sewage 
is BO great that its recovery is hardly practioabm, 
but with concentrated pan sewage, recovery of 
ammonia is carried on in a few pl^es, especially 
in Paris. A large number of patents have been 
taken out fqr we recovery of ammonia both 
from sewage and also from the more concen- 
trated sludge deposited in the collecting tanks 
at tho sewage works, among which may be 
mentioned Duncan (D. R. PP. 27148, 28436), 
Young (Eng. Pat. 3652, 1882), Bolton and 
Wanldyn (Eng. Pat. 5173, 1880), Gesellschaft 
fiir WasserabWrung, Berlin (D. R. P. 161166), 
Butterfield and Watson (Eng. Pat. 19502, 1905), 
Taylor and Walker (U.S. Pat. 603668). 

Kotjen (Zeitsoh. angew. Chem. *1891, 294) 
also reports a successful recovery of ammonia 
from concentrated sewage by distillation with 
lime at Amsterdam. 

E. Ammonia from guano, Arc. — ^Whilst the 
ammonia obtainable from excreta is mostly lost 
for immediate recovery, as it quickly passes 
away into the water, the soil, or the air, there 
are a few exceptions to this rule presented by 
the deposits of birds* excrements on some desert 
islands, and a few similar cases. In this ‘ guano,' 
ammonia salts exist already preformed, and 
ammonia can bo formed from oUier nitrogenous 
substances contained therein by heating guano 
with lime (as patented by Young in 1841), but 
this process is not remunerative, since the direct 
manurial value of guano is much superior to that 
of the ammonia salts obtainable therefrom. 

F. Manufacture of ammonia by the destructive 
distillation of nitrogenous organic matter. — The 
total quantity of ammonia commercially pro- 
duced by more of tho methods described above is 
at present almost negligible, nearly the whole of 
the world's supply of ammonia and its salts 
being obtainea either as a by-product in the 
course of other manufactures in which nitro- 
genous organic matter is subjected to the process 
of destructive distillation, or manufactured syn- 
thetically from nitrogen and hydrogen. Much 
the greatest proportion is obtained in the manu- 
facture of illuminating gas, power gas, or coke 
from cod, and in the distillation of wale for the 

I production of shale oil. A considerable amount 
I is also recovered from the gases evolved from 
I blast-furnaoes whore coal is used as fuel, and 
smaller quantities from the distillations of bones, 
horn, and other animal refuse, and also from 
the residue obtained from beet-root molasses. 

The total production of ammonia in the 
United Kingdom, calculated as sulphate, for 
tho year 1913, previous to the outbreak of war, 
and for 1917 and 1918, is shown in the follo wing 
table, tho figures for 1889 being also given to 
indicate the increase in production during the 
past 30 years. Tho statistics are taken from the 

Annual lleports of tho Chief Alkali Inspector : 

iS80 1913 1917 1918 

Gas works . 87,000 182,180 188,478 173,541 
Iron works . 6,600 19,966 13,621 12,717 

Shale works . 22,000 63,061 60,560 58,311 

Coke ovens . — 133,816 166,364 164.448 

Producer gas and 
other oaAon- 

ising works . 3 ,000 33,605 ^*604 23,634 

117,^ 432,618 458~6i7 ^2,551 
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The world’s j 
1913 (in metric 
as follows : — 

Great Britain 
Germany . 
United States 
France 
B^ium and 
Holland . 
Other countries 


production for 1907, 1010, and 
tons of 2204 lbs.) is estimated 


1907 

331,220 

287,000 

81,400 

62.700 


369.000 438,032 

383.000 649,000 

116.000 176,900 

67,000 76,400 


HoUand . . 65,000 41,000 48,600 

Other countries . 88,000 146,800 123,200 

895,820 1,111,800 1,412,032 
Coal always contains nitrogen in greater 
proportion than is present in fresh vegetable 
matter, this being probably duo to the remains 
of animals inhabiting the coal-forming forests 
and swamps. The total percentage of nitrogen 
found in the coal usually varies between the 
limits of 0*9 and 2*0 p.c. ; thus Tidy (Lunge's 
Coal Tar and Ammonia) found in Welsh coal 
0*91 p.G., in Lancashire coal 1*25 p.c., and in 
Newcastle coal 1*32 p.c., whilst loster (Inst. 
Civ. Eng. 77, iii. 23) found in Welsh anthracite 
0*91 p.c., in English coals 1*66-1*76 p.c., and 
in Scotch cannel 1*28 p.c. Schilling (J. Gasbel, 
1887, 661), using the Kjeldahl method of 
estimation, obtained from Westphalian coal 
1*60 p.c., from Saar coal 1*06 p.c., from Silesian 
coal 1*36 p.c., from Bohemian coal 1*36 p.o., 
from Saxon coal 1 *20 p.c., from Boldon (Durham) 
coal 1*45 p.c., from Pilsoncr cannel 1*49 p.c., 
and from Bohemian lignite 0*52 p.c. McLeod 
(J. Soc. Chem. Ind. 1907, 137) analysed 80 
samples of Scotch coals and cannels, and found 
percentages of nitrogen varying from 0*91 to 
1 *87, and averaging 1 *43, 

The world’s production of coal in 1909 
amounted to about 950,000,000 tons, containing 
on the average probably some 1 *3 p.o. of nitrogen, 
which, if the umole were recovered as ammonia, 
would represent an output of about 48,000,000 
tons of ammonium sulphate per annum. In 
fact, however, the production, as shown by the 
above figures, only amounts to about of this 
quantity. Fully 90 p.o. of the coai is con' 
sumed in such a manner that the recovery of 
the nitrogen is impracticable, and where the 
processes m use are mostly such that ammonia is 
recovered, only a relatively small proportion of 
the nitrogen is actually obtained m the form of 
ammonia, for reasons discussed later in con- 
sidering the different manufactures in which it 
IS produced. 

• («) Production 0 ammonia in the manufacture 

of coal gast and of coke in hu-product coke ovens . — 
In this country the carbonisation of coal in 
retorts for the manufacture of illuminating gas 
for general distribution at present yields the 
largest contribution of ammonia, but the ou^ut 
from this source is being rapidly approachea by 
that obtained in the analogous process of car- 
bonising the coal in ovens for the manufacture 
of hard metallurgical coke. Formerly the great 
bulk of such coke was manufactured in beehive 
ovens, in which case no by-products were re- 
cover^, but these are now l»eing rapidly re- 
placed by by-product recoveiy**^ ovens. In 
Germany and in the United States by far the 
largest proportion is obtained from eolm ovens. 

In both industries, however, only a portion 
of the nitrogen of the coal is recovered in 


the form of ammonia, the remainder being 
distributed in the coke, as nitrogenous com- 
pounds in the tar, as cyanide in the gas and 
ammoniaoal liquor, and as free nitrogen in the 
gas. ^ The relative proportion of the nitrosen 
obtained in the difierent forms varies oonsi&r- 
ably, being dependent both on the nature of the 
coal and on the conditions of carbonisation ; 
the rate at which the latter proceeds, and es- 
pecially the temperature employed have a 
marked infiuence. At low temperatures, such, 
for example, as are employed in &e manufacture 
of ‘ coalite ’ (about 46(r), a very larae proportion 
of the nitrogen remains in the coke, but with 
higher temperatures, although more nitrogen 
is given off from the coke primarily in the form 
of ammonia, this is partly converted into hydro- 
cyanic acid by the action of incandescent oarboir 
and partly dissociated into its elements, the 
latter being especially the case when the volatile 
products as wml as the residual coko are strongly 
heated. 

The maximum yield of ammonia, when coal 
is carbonised in horizontal retorts or in ovens, 
appears to be obtained with a carbonising 
temperature of 900®-950®, and the normal pro- 
duction calculated as sulphate is usually from 
20-26 lbs. per ton of coal carbonised in such 
})lant. Witli vertical retorts, with even higher 
carbonising temperatures, a iiigher yield is ob- 
tained, as m spite of sucii higlier temperatures, 
the volatile products can escape from the action 
of heat without being raised to so high a 
temperature as is the case in horizontal retorts 
or ovens. Whore the cliarge in the vertical 
retorts is steamed during carbonisation to in- 
crease the water-gas production in the retort, 
still higher production of ammonia is obtained, 
and the yield may then amount to 40-60 lbs. of 
sulphate per ton of coal. 

Many attempts have boon made to increase 
the proportion of nitrogen converted into 
ammonia, but none applicable to these two 
industries has had any success. Cooper’s lime 
process (Eng. Pat. 6713, 1882), in wnioh lime 
IS added to the coal before carbonisation, was 
tried in many works, and abandoned, as, although 
a greater yield of ammonia was obtained, the 
gain in this respect was more than counter- 
balanced by the loss due to depreciation in the 
quality of the resulting coke. 

The following tables, which give figures 
obtained over a long period of working in gas- 
works and coke ovens resj[X5ctively, probably 
represent a fair average of the distribution of the 
nitrogen in the two industries under modem 
conditions, although doubtless in different works 
considerable variations from these fibres occur. 
3%e gas-works figures are given by McLeod 
(J. Soc. Ch4m. Ind. 1907, 137) aa the result of 
working at the Provan Gas Works, Glwow, 
and the coke-oven figures by Short ( J. Soc. Chem. 
Ind. 1907, 681) for the working of Otto-Hilgen- 
stock Coke Ovens, using Newcastle coaL 

Gasworks Coke ovens 

Nitrogen in coko . 68*3 . 43*31 p.c. of total 
„ in tar . 3*9 . 2*98 „ 

„ as ammonia 17*1 . 16*16 „ * 

„ as cyanide . 1*2 • 1*43 „ 

„ as free nitro- 

gen in the gas 19*6 . 37*12 M 
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MoLeod doet not appear, however, to include in 
hie cyanide hguree the hydrocyanic acid removed 
from the gas during condensation, allowance for 
which would probably raise the cyanide figure 
to about 1*5 p.o. 

In both gas and coke-oven works the am- 
monia is recovered by cooling the gas, when tar 
and aqueous vapour condense, the condensed 
water removing a large portion of the ammonia 
and other gaseous impurities from the uas, and 
the remainder being recovered by washing the 
cooled gas with water. Kecently, also, especially 
in coke-oven works, processes have been adopted 
in which the ammonia is directly recov< red from 
the hot gas by washing with sulphuric acid 
after removal of the tar. Methods for manu- 
facturing amhaonium sulphate direct from the 
crude gas, in which the sulphuretted hydrogen 
present is simultaneously oxidised to form the 
necessary sulphuric acid, have been described by 
Feld (Eng. Pat. 3061, 1009) and Burkheiser 
(Eng. Pat. 20920, 1908; 21763, 1908; 17369, 
1010), but the processes are still (1910) in the 
experimental stage. 

The various apparatus employed and methods 
of working are described in the articles on Gas 
(Coal) and Coke. 

(6) Production of ammonia in iht manufac- 
ture of producer gaa from coal . — In the manufac- 
ture of producer gas from carbonaceous fuel {ece 
Gas, Pkoduoeb) dv the introduction «of limited 
Etmounts of air and steam into the incandescent 
fuel, the whole of the carbon of the latter is 
zasifiod together with the nitrogen it contains. 
Where the quantity of steam added is limited, 
so as to ensure that the gas produced shall only 
contain small percentages of carbon dioxide, 
bhe temperature of the producer is such that 
silmost the whole of the ammonia formed from 
bhe nitrogen is dissociated into its elements as 
‘ast as it IS produced. If, on the other hand, a 
large excess of steam is employed, the tempera- 
jure of the producer is so much lowered that the 
locator part of the ammonia escapes decomposi- 
bion, and may then bo recovered from the gas 
3Volved. The latter contains much larger 
percentages of hydrogen and carbon dioxide 
^han that obtained by the use of smaller quan- 
bities of steam, but is still capable of economic 
employment, especially in gas engines. The 
process is therefore now largely adopted for 
producers using bituminous fuel, especially in 
ihe Mond Gas pant, in which up to about 76 p.c. 
>f the nitrogen in the coal is recovdred as am- 
nonia. This is usually obtained direct as 
mlphate by washing the crude gas with dilute 
lulphurio acid, and subsequent evaporation and 
srystallisation of the solution obtained; the 
nuphate thus produced has, however, generally 
i yellow or brownish colour, due to the presence 
>f small amounts of tarry matter. 

The use of such large proportions of steam 
s impracticable in gas works or coke* ovens 
vhere gas of high calorific power or coke of good 
[uality or both is required, but witli the lower 
;rade of calorific power now manufactured, a 
noderato proportion of steam may be admitted 
without undue reduction of the calorific power, 
md results, as mentioned above, especially with 
vertical retorts, in the production of greater 
fields of ammonia. 

(c) Production of emmonia from shale , — In 


the distillation of Scotch bituminous shales for 
the production of shale oil {see Paraffin), 
ammonia is also evolved, and is recovered m a 
similar manner* to that employed in gas works. 
In this case also the introduction of steam (and 
also of limited quantities of air) during the 
distillation has the effect of largely increasing 
the percentage of nitrogen recovered as ammonia. 
The objections to the method which hold in the 
case of the gas industry do not apply in the 
shale-oil manufacture, as the chief p^uot, the 
shale oil, is not materially affected by the use of 
steam, and the coke formed is in any case of 
little value. The gas produced, even when 
steam is used, is sufficiently good for the purpose 
for which it is used, namely, for heating the 
retorts. The addition of steam for^ increasing 
the yield of ammonia was, in fact, first worked 
out to practical success in this industry, chiefly 
by Young and Beilby (Eng. Pat. 1687, 1881 ; 
2164, 1881; 4284, 1881 ; 1377, 1882; 6084, 
1882 ; see also Boilby, J. Soc. Chem. Ind. 1884, 
216), its application in the case of carbonisation 
of coal in producers for the same purpose being 
of rather later date. 

(d) Ammonia from blast furnaces . — Where 
coal is used as fuel in blast furnaces for cast-iron 
production, the waste gases contain considerable 
quantities of ammonia and tarry matters, which 
are now largely recovered from the gas, the latter, 
after purification, being employed m gas engines. 
,ln most English districts, the coal available is 
not BuffioienUy hard for use in the furnaces, and 
hard coke is used, the employment of coal being 
confined chiefly to the West of Scotland and to 
North Staffordshire, where coal of sufficient 
hardness can bo obtained. The recovery of the 
tar and ammonia is effected by cooling and wash- 
ing in a similar manner to that employed in gas 
works, the apparatus being suitably modified to 
allow for the fact that the tar and ammonia are 
much more diluted with other gases, and that 
large quantities of dust are mechanically carried 
along with the gas from the blast furnace. 
Processes for the washing of the gas with dilute 

I sulphuric acid do not appear so far to have been 
I permanently successful, and the same is true 
i of the process of Addle (Eng. Pat. 4758, 1882 ; 
3246, 1883), in which the gas was mixed with 
sulphur dioxide and passed through a scrubber 
fed with water, the resulting somtion of am- 
monium sulphite being oxidised to sulphate by 
injection of air. 

The yield of ammonium sulphate obtained 
from blast furnaces is very simihiT to that 
obtained in gas works and from coke ovens, 
namely from 20 to 26 lbs. per ton of coal. 

(e) Ammonia from peat . — ^Vast deposits of 
peat exist in many places, especially in Ireland 
and Prussia, and as this contains a good deal of 
nitiogon, amounting in some cases to 4 p.c. of 
the dry peat, many attempts have been made to 
recover this nitrogen as ammonia. The great 
difficulty in the way has been the very largo 
quantity of water contained in the peat, which 
is costly to remove, and hitherto very little 
ammonia has been put on to the market from 
this source. Of the earlier attempts that of 
Grouven (D. R. PP. 2709, 13718, 18061) is of 
interest, inasmuch as this represents one of the 
first attempts to increase the yield ol ammonia 
by injeotion of steam during distillation, but 
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although prolonged experimento were made 
with the process, it was uitimateW abandoned* 
Lenoauohez suggested the use of peat in gas 
producers with subsequent ammonia recovery, 
and patents relating to the matter were taken | 
out oy Ruderer, Loe, and Gumbart (D. R. P. 
53844), Kuntzo (Eng. Pat. 9062. 1891). and 
Pipi)er(Eng. Pat. 28190, 1896) ; Woltereok (Eng. 
Pat. 16604, 1904 ; 28963, 1906 ; 28964, 1W6) 

Frank and Caro, in conjunction with the 
Mond Gas Co. (Zeitsch. angew. C!!hem. 1906, 
1669), find that peat containing 60 p.c. of water 
may b© employed in place of coal in the Mond 
Gas plants, with production of gas suitable for 
gas engines, and a yield of about 90 lbs* of am- 
monium sulphate per ton of dry peat. 

(/) Ammonia from hones, horn, leather, hair, 
skins, and ether animal refuse , — In the distillation 
of bones for the manufacture of bone charco^ 
(animal charcoal, or ‘char*), used especially in 
sugar refining, large quantities of ammonia are 
formed, together with tar rich in pyridines, 
known as * DippePs oil.* The carbonisation is 
frequently carried out, especially in France and 
Germany, by heating the bones in open pots 
placed in a furnace, in which case th^ tar and 
ammonia are so largely diluted with hot furnace 
gases that their recovery is rendered very diffi- 
cult. In this country generally, and to an in- 
creasing extent elsewhere, the carbonisation is 
effect^ in closed retorts, and the tar and am- 
monia recovered in accordance with the usual 
gas works practice, the yield of ammonia being 
equivalent to about 60-60 lbs. of sulphate per 
ton of dry bones. 

Other animal refuse, such as wool, hair, 
skin, waste leather, &c., is sometimes carbonised 
in a similar wav, the residue being employed as 
manure, and the ammonia recovered from the 
gases. Sometimes, however, these materials are 
simply heated in cylinders in a current of steam, 
which renders them friable and capable of ready 
disintegration, when they are directly employed 
as manure. A further proposal is to utilise the 
nitrogen by heating the dried refuse with con- 
centrated sulphuric acid, whereby the nitrogen 
is converted quantitatively into ammonium 
sulphate, as in the well-known Kjeldahl method 
of estimating nitrogen. 

(ff) Ammonia as a bp-produci in the heet-root 
sugar industry , — ^During the evaporation of beet- 
root juice, small amounts of ammonia are 
evolved, which Vibrans (D. R. P. 16613) has 
proposed to collect. Much larger amounts can, 
however, be obtained by the mstillation of the 
* vinasse,* i.e, the residue left after fermenting 
the sugar remaining in the molasses, and dis- 
tilling off the alcohol produced. This contains 
nitrogenous bases, especially betaine, and on 
dry distillation yields ammonia and trimethyl- 
amine. Vincent (Chem. News, 39, 107) carried 
out the dis tilla tion with the primary object of 
obtaining trimethylamin© ana from the latter 
methyl chloride, but the ammonia was simul- 
taneously recovered as sulphate. The residue 
from the distillation is rich in potassium s^ts, 
a-nd is employed as a manure or worked up into 
pore salts. Other patents dealing with the 
recovery of ammonia by distillation of vinasse 
ate tiiose of Ernst (D. R. P. 13871), licderer 
and Gintl (D, R. P. 17874), and Meyer (Eng. Pat. 
17347, 1887). Bueb (Eng. Pat. 7176, 1895} 


26269, 1898: see also Ost, Zeitsch apgew. 
€&em. 19, 609) utilises the vinasse for the pro- 
duction of both ammonia and cyanides, the 
latter being the product especially aimed at. 
In his process the vinasse is oarbonised in retorts 
in the ordinary manner, and the gases, which 
contain ammonia and trimethylamino, but little 
hydrocyanic acid, are then passed through a 
highly heated brickwork chamber, the ammonia 
being coaly slightly affected, whilst the trimethyl- 
amino is converted chiefly into hydrocyanic acid. 
The resulting gases, containing about 7 jp.o. of 
ammonia and 7 p.c. of hydrocyanic acid, are 
passed through sulphuric acid to recover the 
ammonia as sulphate, and the gas freed from 
ammonia employed for the manufacture of 
cyanide. 

II. Properties and Composition Of Ammonlacal 
Liquor. The atnmoniacal liquor obtained by 
the washing and cooling of the gases produced 
by destructive distillation, is, after separation 
from tar by settling, a liquid having a colour 
from TOle yellow to dark brown, and smelling 
strongly of ammonia, sulphuretted hydrogen, 
and also of phenols. Its specific gravity usually 
varies from 1 *01 to 1 *03. In the coal-gas 
manufacture, the liquor is usually obtained in 
three stages, viz. (1) the hydraulic main liquor, 
formed during the cooling of the gas to tempera- 
tures of 60*-60*, which is usually weak (0 *6-1*0 
p.o. of NH.), owing to the lessened solubility of 
ammonia at that temperature ; (2) the con- 
denser liquor, produced in the subsequent 
cooling of the gas to atmospheric temperatui^, 
which is more concientrated (2-3*6 p.o. of NH,) ; 
and (3) the scrubber and washer liquor, formed 
by washing the cooled gas to effect oomplete 
removal of the ammonia, the strength of which 
varies considerably, and depends largely on the 
construction of the washing plant, and the 
supervision of the working. The first two 
products together form the ‘ virgin liquor,* i.e. 
solution produced from the water formed by the 
condensation of the steam always present in the 
crude gas ; but the liquor from all sources is 
usually collected together with the tar in a 
common storage well or wells. Frequently the 
wekk hydraulic main liquor is used, after cooling, 
in the preliminary washers or scrubbers, thereby 
effecting a further partial removal of the am- 
monia, and becoming simultaneously concen* 
trated, but for the complete removal of the 
ammonia the gas must be washed with fresh 
water in the final scrubber. In coke-oven 
works the conditions prevailing in these respects 
are very similar generally to those in gas works. 

The quantitative composition of the ammo- 
niacal liquor varies considerably, not only in 
that obtained at different stages of the proc^ 
but also in the average liquor obtained, being 
dependent on the nature of the coals carbonised, 
the conditions of carbonisation, and the con- 
struction and working of the condensing and 
scrubbing plant. The qualitative composition 
varies but little ; the pimary pr^ucts formed 
in the liquor are ammonium chloride, sulphides, 
carbonates, and cyanide, produced by the 
action of the ammonia solution on the acid 
I constituents of the crude gas, viz. hydrochloric 
! acid, sulphuretted hydro^, carbon dioxide, 
and hydroo^nio acid. The strongly acid hydro- 
. ddorio acid is absorbed in the earlier stages of 
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the cooling, chloride being only present to any 
extent in the hydranlio main and condenser 
liquor, but the total quantity of ammonia 
present is insufficient to remove the whole of 
the remaining acid ^ascs, which are separated 
later by special purification processes. Other 
ammonium salts are, however, nroduoeil in the 
liquor by secondary reactions ; thus the sulphiflo 
is ozidiM by the oxygon always present in the 
crude gas, and later by the oxygen of the air to 
which it is exx)osed during storage, yielding 
polysulphides, thiosulphate, sulphate, and 
possibly sulphite. The cyanide reacts with 
the TOlysulphide, forming thiocyanate, and 
possimy alM with thiosulphate, forming 
thiocyanate and sulphite, so that polysul- 


phide is rarely found in the liquor, SmaL 
quantities of lerrocyanide are also sometimei 
formed by the .action of ammonium oyanidc 
on the ironwork of the apparatus. In 
addition, the liquor always contains tmali 
quantities of pyriaine, and considerable amountc 
of substances derived from the tar, especiall> 
phenols. 

From the point of view of the subsequent 
working up of the ammoniacal liquor, it ic 
important to distinguish between the amount oi 
* volatile * and ' fixed * ammonia present. The 
former represents the ammonia present as sul- 
phide, carbonate, and cyanide, and in combina- 
tion with the phenols, the term being giver 
because the ammonia in this form is comptotelj 


Composition of Ammoniacal Liquor . 
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Condenser liqiuv. — 
English works 

Average of nine samples 
of liquor 

Liquor from coolers only 

Liquor from washers oaaly 

Average liquor from 
storage well. 

Average liquor circulated 
through washers to get up 
strength 


Volatile ammonia • • 

1*020 

1*400 

0*721 

0*201 

8*247 

0*841 

0*101 

0*862 

0*878 

1*647 

grams 

P 6 rl 00 o . e . 

Fixed „ • • 

0 * S 18 

0*800 

0*800 

0*288 

0*221 

0*102 

0*008 

0*000 

0*032 

0*170 


Total 

Ammonium eulpUlde 

2*642 

1*715 

1*027 

0*679 

3*468 

0*043 

0*109 

0*871 

0*006 

0*717 


0*802 

0*270 

0*270 

0*073 

0*768 

0*466 

nil 

T 

0*008 

0*230 

*» 

,, carbonate 

6*000 

3*620 

1*820 

0*476 

8*810 

1*060 

1*104 

r 

2*870 

6*860 

* ” 

(Nin)aCOs 
„ chloride 

NH4CI 

„ sulphate 

(NH 4)^04 

„ thloeulpnate 

(N Il 4 )aSs 08 
„ thircyanato 

NH4ON8 

1*120 

0*738 

0*888 

0*722 

0*460 

0*217 

0*006 

T 

0*016 

0*106 

»• 

0*202 

0*023 

? 

0*023 

7 

0*032 

0*000 

T 

0*016 

0*064 

11 

0173 

0*123 

r 

0*143 

? 

0*041 

0*002 

r 

0*000 

0*407 

•» 

0*628 

0*182 

0*047 

0*100 

0*070 

0*043 

0*003 

0*003 

nil 

0*335 


M cyanide 

NH4CN 
„ forrogyaiude 

(NH4)4Fe(CN)« 

0*080 

0*003 

0*084 

0*003 

0*070 

0*070 

nil 

0*003 

nil 

nil 


0*038 

0*088 

0*010 

^ 0*010 

0030 

nil 

nil 

nil 

nil 

nit 


Authority , • 

Linder 

Mayer 

and 

Hempel 

Linder 

Mayer 

and 

Hempel 

Linder 

Linder 

Linder 

Linder 

Linder 

Linder 



The quantity of phenols present in gas-works liquor usually varies from 0*1 to 0*35 gram. 
«per 100 O.O. (Skirrow, J. Soe. Chem. Ind. 1908, 58). 


(Ussooialod and volatilised by simply boiling the 
solution; whereas that present as chloride, 
sulphate, thiosulphate, and thiocyanate is not 
evmved to any material extent under these 
conditions, and is therefore termed * fixed* 
ammonia. For its recovery it is necessary to 
add to the liquor a sufficient amount of a stronger 
alkali to oombine with the whole of the above- 
named acids present. The ' fixed * ammonia in 
the average liquor usually amounts to from 
20 to 25 p.o. of the whole, but the proportion is 
much higher in the hydraulic main and con- 
denser liquor. 

The above table gives the results of a 
number of analyses of ammoniaoal liquor from 
gas-works, coke-ovens, shale-works, and iron- 
works, mi^de by Linder, on behalf of the 


Chief Alkali Inspeotor, and published in the 
annual reports of the latter. In addition ar 
analysis is also given of the liquor obtained in low- 
temperature carbonisation as practised in the 
ooalite manufacture, and two analyses of German 
gM-works liquor, by Mayer and Hempel (J. 
Gasbel, 1908, 428). (For methods of analysis, 
iee Linder (Alkali Inspector’s Report, 1909, 15), 
and Mayer and Hempel (l.e.).) In these anidyses 
the whole of the carbon dioxide and sulphuretted 
hydrogen present is calculated as the norma] 
carbonate and sulphide respectively, and in 
Linder’s analyses the difference b^ween the 
total sulphur and that present as sulphide, 
I sulphate, and thiocyanate is caloulatM as 
ammonium thiosulphate. 

I The existence of free ammonia (or its 
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hydroxide) is • point on whioh oonsiderable Quantity even in stoied gas-works liquor, and 
difierenoe of opinion exists. The above anaiy- ^t in ooke-oven liquor, whioh is usually only 
Uoal results appoM to show that in the ease of stored for a short time befm working up, ^ 
average stored liquor, the quantity of aoida amount may 1^ considerable. '!^e presence of 
present, including i^enol, is usually sufficient to cyanide is objectionable, as it InoteaBes . the 
combine with the whole of the ammonia amount of hydurocyanio acid in the waste gases 
but at the same time it is very probable that from the manufacture of ammonium sulj^ate 
some of the salts, especially the sulphides and (see below). 

carbonates, undergo hydrol^io dissociation into III. Valuation Of Ammonlaoal Liquor. In 
acid and fm ammonia or its hydroxide in the this country, for technical purposes, the strength 
solution. With the hydraulic main liquor, of the ammoniaoal liquor is mostly expressed in 
formed at temperatures mostly above 60% the terms of * ounoe-strensth,* this 6gure repre- 
acids found are insufficient to combine with the senting the number of ounces avmrdupois of 
whole of the ammonia, some of which must pure sulphurio acid required to neutruiM the 
therefore be present in the free state. The ammonia contained in 1 gallon of the liquor, and 
existence of free ammonium cyanide in the liquor for statistical purposes or sale, the vmumes of 
has also frequently been denied, but more liquor are usually converted into the equivalent 
perfect methcxla of analysis have shown that volume of liquor of 10-oz. strength. In order to 
this is undoubtedly often present in small convert these figures into the more generally 
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faniffiar ones of grams per 100 o.o., the * oz.- wise the thiocyanates may be decomposed with 
strength ’ figures must be multiplied by 0*217, formation of ammonia, giving too hign results, 
and conversely, to convert figures representing IV. Working up of AmmonlaMl Uquor. 
grams per 100 o.o. into oz.-strength, the former In the earlier days of the utilisation of gM 
must be multiplied by 4*61. liquor, this was simply neutralised witK sulphurio 

For approximate purposes the ammonia or hydrochloric acid, and the resulting smution 
content of the liquor is frequently estimated evaporated, but the products obtained were 
from the density, it being found that each 1^ very impure, containing tarry matter and 
Twaddell corresponds roughly to 2-oz. strength, thiocyanate, and the escaping gases, especially 
This approximation is sufficient for such pur- the sulphuretted hydrogen, created great 
poses as the control of the daily working of the nuisance. At present the ammonia is almost 
washers and scrubbers on the works, but quite invariably recovered from the liquor in the first 
unsuitable for purposes where fair accuracy is instance by distillation. Formerly, also, in 
desired, as a liquor showing 5*Tw., for example, many cases, only the volatile ammonia was 
may vary in actual oontent from 8- to 12-oz. recovered, as this could be obtained without 
stren^h, as against the supposed 10-oz. For addition of alkali, the fixed ammonia being run 
any but the roughest purposes, ammonia is oft with the waste liquor ; but this procedure is 
estimated by the usual method of distilling a now becoming exceptional, the fixed ammoi^t 
known volume, after addition of alkali to except in the oase of some small plants, being 
decompose the fixed salts, oolleoting the dis- also mostly recovered by addition of the 
tillate in excess of standard acid, and titrating necessary alkalL On account of its cheapness, 
the unused acid with standard alkali. The lime is almost always employed for this purpose, 
liquid must not be distilled to dryness, as other- but in some small plants, oaustio soda is used. 
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for althoofih ihe cost of the Utter is much 
greater, this is held by some makers to be 
Qompmsated for in such pUnts by the fact that 
the rtills ran much longer without cleaning. 

The pUnt employ^ in the distillation has 
been of various types ; at first an intermittent 
process of distilling the liquor in externally fired 
boilers was adopted, the distillation being con- 
tinued until the whole of the voUtile ammonia 
was expelled with the steam. Addition of lime 
to drive off the fixed ammonia was rardy 
{vactised with such plants, owing to the forma- 
tion of thick deposits of lime salte on the heated 
boiler pUtes. These plants have now been 
almost entirely superseded by continuous 
column stills, constructed on the general 
principle of the Coffey still, the intermittent 
system being now employed only in very small 
works or in special coses, such as the distilUtion 
of liquors containing very large quantities of 
fixed ammonia, in which case the addition of 
the necessary amount of lime renders the liquid 
so thick that these must be stirred by mechanical 
agitators to effect complete recovery of the 
ammonia. The annual report of the Chief 
Alkedi Inspector for 1909 shows that in the 
Various districts into which the United Kingdom 
is divided for administration purposes under the 
Alkali Act, the proportion of liquor distilled by 
intermittent stills varies from about 7 p.c. to nil, 
and probably averages over the whole country 
from 1 to 2 p.c. 

For the purpose of heating the stills, three 
methods have been employed : (1) external 
firing; (2) by means of internal coils through 
which steam is passed ; and (3) by blowing live 
steam through the stills. The first plan gives 
a high fuel consumption, as well as trouble from 
lime deposits on the heated portions of the still ; 
and of the other two methods the use of live 
steam is the most economical in fuel consumption, 
and is therefore now almost invariably adopted. 

The ammonia evolved on distillation is 
converted at once either into ammonium sul- 
phate, concentrated gas liquor, pure aqueous 
ammonia, or liquefied ammonia. The remaining 
salts of commercial importance, namely, am- 
monium chloride, carbonate, and nitrate, are now 
rarely manufactured directly from the ammonia 
as evolved from the stills, but are obtained 
either firom ammonium sulphate or aqueous 
ammonia previously prepa^ from the gas 
liquor. Much the largest proportion of the 
liquor is converted into sulphate, the demand 
*for this salt being greatest, owing to its employ- 
ment as a nitrogenous manure. The method of 
manufacture of this salt will therefore be de- 
scribed first, followed by that of the other 
commercially important ammonia derivatives. 

Ammonium sulphate. — A description of the 
different forms of intermittent stul formerly 
i^opted for obtaining the ammonia in the 
liquor, but now seldom used, may be found 
in Lunge’s C!oal Tar and Ammonia 4th 
ed. Of the continuous stills, those of 
Grttneberg and Blum (D. B. P. 33320) and of 
Feldmann (Eng. Pat. 3643, 1882) will be de- 
scribed, more recent forms differing from these 
only in detail and not in general p&oiples. Li 
the manufacture of smphate, the volatile 
ammonia is first diiv^ off, lime being then 
added to the liquor to liberate the fixed ammonia, 


the combined gases evolv^ being passed through 
sulphuric acia 

The apparatus of Grilneberg and Blum is 
shown in fig. 1, as arranged for we manufacture 
of sulphate, a is the still, b the gas-liquor 
heater or economiser, o the lime pump, and d 
the saturator charged with acid for abrorption 
of the ammonia. The gas liquor enters the 
economiser b by means of pipe a, and is heated 
by the hot waste gases from the saturator, and 
passes thence by the pirn 6 to the top of the 
column B of the still. This column is divided 
into a number of compartments by horizontal 
division plates, the liquor flowing downwards 
from compartment to compartment by the 
overflow pipes, the admitted steam travelling 
upwards in the reverse direction through the 
central pipes o, covered by hoods having 
serrated edges, which compel the steam to bubble 
through the liquor in each compartment, thus 
driving off the * volatile ’ ammonia and also the 
volatile acids present, viz. carbon dioxide, 
sulphuretted hydrogen, and hydrocyanic acid. 

The lime vessel p, into which milk of lime is 
pumped by means of pump o and pipe c, serves 
to expel the fixed ammonia, and the boiler a, 
with its stepped cone, serves to boil the liquor in 
thin sheets, oy means of the steam coil d, and 
thus to set free the last portions of ammonia. 
In B the first heating of the liquor takes place by 
means of the hot vapours from the saturator d, 
which ascend through the bell g, the pipe s, and 
the inner pipes of b, while the liquor, arriving 
at a, rises up in B. It then enters through b into 
the dephlegmating column B, and finds its way 
downward from chamber to chamber, till it gets 
into the lime vessel F. From here it overflows 
by pipe / into the sludge-catcher p, overflows 
here again all round at hh, and runs over the 
cone i downwards from step to step ; from the 
pipe k it is discharged continuously and quite 
I spent to the overflow t. The steam travels in 
the opposite wa^j^ — namely, along the steps of 
cone t, upwards in pipe m, and through n into 
the lime vessel p. I^om here the mixed steam 
and ammonia vapours ascend into the column 
B, and traverse this from chamber to chamber, 
and ultimately leave it by the pipejp. This pipe 
enters the saturator D, oharg^ with sulphuric 
acid. The sulphuretted hydrogen, carbon 
dioxide, Ac., collecting in the bw q, are led 
through the flue 8 into the economiser b, where 
they give up their heat to the gas liquor, and 
lose their steam in the shape of condensed water. 
Ultimately they are conveyed away by a pipe 
not shown in the diagram for treatment to 
prevent nuisance, the methods adopted for the 
purpose being described below. 

In theapparatus of Feldmann (D. B. P. 21708), 
Fig. 2, the gm liquor, after having passed through 
the ordinary reotif 3 ring column a, flows into a 
vessel B, into which milk of lime is pumped by 
o in regidar intervals, whilst the whole is kept 
uitated by steam injected into the mixture, 
l^e Uquor, after having deposited most of the 
lime, flows into a second column o, ^ere the 
ammonia set fm by the lime is distilled off: 
the spent liquor runs away continuouriy through 
g, and the gases and vapours pass over by pipe 
h into the £st column ba, which serves both ror 
retaining the water and for driving off the vola- 
tile ammonium salts contained in the crude 
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gas liquor. The economiser J, and the saturator 
B, with the gas- bell f, require no special explana- 
tion. 



Ill iiion* recent types of still, only a single 
column 18 usually employed, the lime being 
introduced into one of the compartments m 
the lower portion of the still, uhich mav bo 
made of larger si'/xi for this purpose, the hood 
being also more deeply scaled to effect more 
vigorous agitation. The mixture of liquor and 
lime then passes through the lower compartments 
of the still, constructed in a similar manner to 
those above. A still of this type, manufactured 
by the Berlin Anhaltisohe Maschinen Acticn- 
Gesellschaft is shown in Fig. 3. 

Mr 


irSiSSi 



Fig. 3. 

Other modifications relate chiefly to im- 
provements in mechanical details, and in making 
the parts more accessible for cleaning, especially 
in the portions of the still where lime is present. 
Thus Wilton (Eng. Pat. 24832, 1901) replaces 
the central pipe for the steam and circular nood, 
by a narrow opening extending over nearly the 
full diameter of the still, and covers this with 
an inverted trough having serrated edges, 
which can readily be removed for cleaning fiom 


a small manhole at the side. Scott (Eng. Pat. 
3987, 1900 ; 11082, 1901) has patented a process 
in which the whole of the plant is kept under 
vacuum, w'hcreby considerable economy of fuel 
is olaim^. The plant and method of w orking are 
described by Bnllantyne (J. Gas Light. 82, 8C9). 

Absorption of the ammonia in sulphuric acid, 
— ^The gases from the still, consisting chiefly of 
ammonia steam, carbon dioxide, sulphuretted 
hydrogen, and small quantities of hydrocyanic 
acid, are conveyed to the saturator (d in Fig. 1, 
B in Fig. 2) charged with sulphuric acid. This is 
constructed either of solid lead throughout, or of 
wood or iron lined with lead, the gases being con- 
ducted in by means of a perforated leaden pipe 
which distributes them over a large area in the 
saturator and keeps the liquid thoroughly 
agitated. In some cases, dilute sulphuric acid 
is used, this being removed and replaced by 
fresh acid when nearly neutralised. The solu- 
tion, after settling, is concentrated and crystal- 
lised, the mother liquor being returned to the 
saturator. The dilute solution of ammonium 
sulphate obtained by direct w'ashing of the 
crude gas with acid, as in the Mond Gas process, 
IS evaporated and crystallised in a similar way. 
In most cases, however, when distilling gas liquor, 
a much stronger acid (of about 140® Pvv.) is used 
which soon becomes saturated, after which the 
ammonium sulphate crystallises out as formed, 
and is removed by various means, fresh acid 
being run in to replace that removed as sulphate. 
Two types of saturator are employed, (o) partly 
open, (6) olosod. A common construction of 
the former typo is shown in Fig. 4, the gases 



Fig. 4. 


entering by the pipe h perforated as shown, and 
bubbling through the acid, the waste gases 
being led off by the pipe c ; the sulphate accumu- 
lates on the floor of the saturator. The front 
of the saturator is open, and separated from the 
closed x^ortion by the sealing curtain o, which 
does not reach to the bottom, and enables the 
attendant to remove the sulphate periodically 
by^ fishing with a perforated ladle, the crystals 
being placed on a lead -lined drainer fixed so that 
the mother liquid flows back to the saturator. 
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Whisn sufficiently dry, the product is placed into 
stock, or it may be at once dried by a centrifugal 
machine. 

In place of * fishing/ the Kulphato may be 
pcriodicuily or continuously removed from the 
saturator by means of a steam-ejeotor, which 
forces it together with much liquor on to the 
drainer, thence into a centrifugal machine, the 
mother liquor in either case returning to the 
saturator. 

With a clo.sod saturator other means of 
removing the sulphate are adopte<l, a represen- 
tative of this tyjw being the Mson saturator, 



tin I Kit tom iif which consists of un inverted cone, 
to tli« ii|K V (if which is fixed a nght-angle<l bond, 
closed by a simple valve, consisting of a copper 
disc pressed against the flange of the outlet pipe 
by a screw olniup. During working this is 
opened to a .sufficient extent to allow the sulphate 
to fall out almost as soon as it is formed. 

'i’lio ttfiiirionium sulphate thus obtained 
usually contains from 24 to 26 p.c. of ammonia, 
equivalent to about 93—99 p.o. of pure ammonium 
sulphate. It usually contains from 0-1 to 0 -6 p.o. 
of free sulpluiric acid, the roinaindor consisting 
of inoisturo and small quantities of insoluble 
runttor. The salt produced with modern plant 
lias mostly a white or greyish-white colour, 
iliscolouration by tarry matter being now of rare 
occurrence with continuous stills, if the liquor 
is |)ro|Kirly senarated from tar by settling 
]*i ('\ louM to distillation. When pyrites sulphuric 
a< id IS (Miiployed, the resulting sulphate may be 
colouied yellow or brown, by arsenic sulphide, 
which depreciates it.s value, and makers therefore 
prefer to u.se acid obtained from brimstone or 
spent oxide. In many cases, how'cver, pyrites i 
acid IS visihI, and the arsenio sulphide which ; 
rises as a scum to the surface of the liquid in the i 
saturator removed os it forms, or preferably the I 
acid is previously treated with a portion of the ' 
waste gases from the saturator, the sulphuretted ' 
hydrogen in which pri'cipitatea the arsenic as 
sulphide, the latter being removed bi'fore the 
floid enters the saturator. 


I In soiiie oases the sulphate assumes a blue 
colour on standing in the air, owing to the 
I formation of traces of Pnissian blue. h>om the 
researches of Forbes Carpenter and Linder 
, (Chief Alkali Inspector's Report, 1906, 61), it 
I appears that this is mostly due to local alkalinity 
occurring in some portion of the liquid in the 
saturator, in which case hydrocyanic acid is ab- 
sorbed at that point, and, with the traces of iron 
.always present, forms ammonium ferrocyanide ; 
the latter, on exposure to the air, oxidises, form* 
mg i^ru.asian blue. Priming of the still, resulting 
in the introduction of fcrrocyanides and thio- 
cyanates into the saturator, has a similar effect, 
but the production of the blue salt often occurs 
in absence of priming. Its formation is best 
avoided by maintaining the liquid hot and of 
sufficient acidity, and arranging that the passage 
of the gas shall effect a thorough mixing of the 
liquid in the saturator, so as to prevent the 
occurrence of local alkalinity. 

Waste products in tJie manufacture of Am- 
monium SvlphaU. — 'I'hrce waste products are 
formed in the process : (a) the effluent liquor ; (6) 
the aqueous condensate from the cooling of the 
waste gases ; (c) the waste cases. The effluent 
liquor is run into settling tnnk.s where it deposits 
suspended lime salts, and becomes cooled. 'J'he 
clarified liquor is sometimes run into the sowers, 
but as it contains large quantities of lime salts 
(especially thiocyanate and nhenols), this is 
frequently not permitted, ana its disposal is 
often a matter of great difficulty. In gas works 
it is sometimes got rid of by employing it to 
quench the hot coke from the retorts, and in 
some cases it is even evaporated to dr 3 me 83 . 
Fowler (Alkali Inspector’s Report, 1907, 61) 
allows the liquor, after considerable dilution, to 
pass through coke filters inoculated with sewage 
^oteria, which, if gradually accustomed to the 
liquor, oxidise the tbiooyanatos and phenols, 
yielding a fairly pure effluent, and this may be 
employed for dilution of the fresh liquor going 
on to the filter. Radcliffo (Eng. Pat. 10076, 
1905) removes the thiocyanates by precipitat- 
ing as cuprous thiocyanate with copper sulphate 
m presence of sulphurous acid, the latter being 
obtained by burning a portion of the waste 
gases. Grossmaim (Eng. Pat. 20387, 1906; 
7932, 1907 ; J. Soc. Chom. Ind. 1900, 411) has 
also clcsoribed a process for avoiding the produo- 
tiou of waste liquor and recovery of the ferro- 
cyanide and thiocyanates present in it. 

The avoidance of the production of waste 
liquor altogether is an especial object in the 
process of the Otto-IIilgenstock Coke Oven Co. 
(Eng. Pat, 12809, 1908) now being adopM in 
bome coke-oven works. In this the gas from the 
ovens 18 treated for the removal of tar at tem- 
peratures above that at which water condenses, 
an<l then passed directly through sulphuric acid ; 
ihe aqueous condensate obtained in the subse- 
quent cooling of the gas is free from ammonia, 
and only contains small amounts of impurity, 
and it is claimed that no difficulty is experienced 
in disposing of it. Wilton (Eng. Pat. 1G355, 
1909} has patented a somewhat similar process 
with the same object. 

The aqueous condensate obtained by cooling 
the waste gases is a very noxious-smelling liquid, 
nnd IS hence termed ‘ devil-Iiquor.* It contains 
sulpluircited hydrogen, pyridines, and similar 
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■uMuieeii and hydroe^paoio acid, and fa afao 
diffionlt to dfapoBo of. line hot oondeosatc from 
the limoior-heater (Mr ooonomfaer fa leoa objection* 
able tnan that obtained in the further cooling 
of the waste gases, which contains much more 
sulphuretted hydrogen; but if the latter is 
returned to the pipe conveying the hot con- 
densate and the waste gases from the economiser, 
most of the sulphuretted hydrogen is driven off 
again into the waste gases, and the combined 
liquor, after cooling, may be mixed with the 
effluent from the stills without increasing the 
difficulty of dealing with the latter (Broad berry, 
J. (las Light. 69, 345). 

The waste gases, after cooling, consist 
chiefly of carbon dioxicle, sulphuretted hydrogen, 
and smaller (luantitios of hydrocyanic acid, as 
well as stropgiy smelling empyreumatio vapours 
derived from the tar. With coke-oven liquors, 
which often contain considerable quantities of 
cyanide, the amount of hydrocvanic acid may 
tie considerable, necessitating additional care in 
dealing with it owing to the poisonous nature of 
the gas. In many cases the gases are burned 
under the boiler or other furnaces, and discharged 
with the products of combustion from the 
chimney ; or the gases may be burned separately 
and the resulting sulphur dioxide absorbed by 
passing the products through a limestone tower 
down which water is passing, yielding a solution 
of calcium bisulphite, or through scrap-iron 
towers, when a solution of ferrous sulphate is 
formed (Wilton, £n^. Pat. 15468, 1001). With 
small and medium-sized plants, the sulphuretted 
hydrogen and hydrocyanic acid are mostly 
removed by oxide of iron, in a similar manner to 
that employed for purifying coal gas. In place 
of purifying boxes, conical heaps of oxide of 
iron on a concrete floor are now much used, the 
gas being introduced from the bottom at the 
centre of the heap ; the spent oxide obtained is 
saleable for its sulphur content. The sulphur- 
etted hydrogen may also bo precipitated with 
metallic salts, and where sulphuric acid is also 
made, the gases arc burned and passed into the 
chambers, thus recovering the sulphur as sul- 
phuric acid. A considerable proportion of the 
waste gas is converted into sulphur by the 
Cflaus process (Eng. Pat. 3600, 1882 ; 5070, 
1883 ; 6958, 1883), also used on the large scale 
in the C!hance sulphur-recovery process. By this 
method, sufficient air is mixed with the gas to 
react with the sulphuretted hydrogen in accord- 
ance with the equation 2 HaS+ 0 ^«* 2 H 20 + 2 S, 
and the mixture passed through a kiln containing 
heated ferric oxide, the sulphur formed being 
deposited in cooling chambers, and the residuid 
gases ^ssed through a small limestone tower 
and oxide-of-iron purifier to remove any sulphur 
dioxide or sulphuretted hydrogen remaining. 
The sulphur obtained is not very pure, owing to 
tarry matters, Ac., present in the gases treated. 

ManiilMture of Ciustlc Ammonia (Liquor 
Ammonlae) and of LIqueflod Ammonia.— 'Tlio 
pure aqueous solution of ammonia was formerly 
manufMtnred by distilling ammonium sulphate 
with lime in intermittent stills provided with 
mechanical arrangements for stirring the some- 
what thick cream, but it is now usuaUy made by 
the direct distillation of gas liquor, with suitable 
purification of the gas evolvM from the stIUs, 
which fa then dissolved in water. In additino 


to the pure aqueous solution, a crude solution 
containing sulphide, and sometimes carbonate, 
fa also largely manufactured, this being 
cheaper and equally applicable to many 
purposes, especially in the manufacture of soda 
by the ammemia-soda proce^ and for the 
preTO*«tion of other ammonium salts. This 
crude product is termed 'concentrated gas 
liquor,* two kinds being manufactured, the one 
containing from 16 to 18 p.o. of ammonia, with 
both sulfide and carbonate present, and the 
other from 18 to 26 p.o. of ammonia, with some 
sulphide but little or no carbonate. 

In the manufacture of the first-named liquor, 
the gases from the stills, worked as in the 
' manufacture of the sulphate, pass through a 
reflux condenser, to remove some of the steam 
present, and then through a direct condenser, 
the gases from which arc washed with water. 
Working in this manner, it is not practicable to 
obtain a greater strength of ammonia than 16-18 
p.o., as with higher concentrations stoppages 
occur in the condenser from crystallisation of 
ammonium carbonate. 

25 p.c. ConceiUrated Liquor . — In the manu- 
facture of this liquor containing little or no 
carbonic acid and only small amounts of sul- 
phuretted hydrogen, the crude gas-liquor fa first 
subjected to a preliminary heating to tempera- 
tures somewhat below 100“ (Hill’s process), at 
which temperature a largo proportion of the 
carbon dioxide and sulphuretted hydrogen are 
evolved, accompanied by only small quantities 
of ammonia, the latter being recovered l^y 
washing the evolved gases witli water or weak 
ammoniacal liquor, or by other suitable moans ; 
the preheated liquor fa then distilled as in the 
case of the sulphate process with the addition 
of sufficient lime to decompose completely all 
fixed ammonium salts present, and the steam 
and gases from the still passed through a reflux 
condenser, to remove the bulk of the steam, 
and thence to a condenser ; the condensate from 
the reflux condenser, which contains a consider- 
able amount of ammonia, is returned to the 
still. The concentrated liquor from the final 
condenser contains usually about 25 p.c. of 
ammonia, and has a yellowish colour. It fa 
usually almost free from carbonic acid, B,nd 
should not contain more than 0’6 p.c. of sul- 
phuretted hydrogep. In addition small amounts 
of cyanide, ferrocyanido, and thiocyanate are 
mMtly present, derived from the hydrocyanic 
acid evolved from the crude liquor, and ^so 
small amounts of phenols and of pyridine 
bases. 

Pure Caustic Ammonia . — ^In the manufacture 
of this product, the procedure in the first part 
of the process is the same as in the case of the 

P roduction of the 25 p.o. concentrated liquor 
o further purify the gases evolved from the 
still, and to remove as completely as possible 
all impurities from them after passing the reflux 
condenser, the gases traverse a set of two or tliree 
washers containing cream of lime to remove carbon 
dioxide, sulphuretted hydrogen, hydrocyanic 
acid, and phenol vapours, the partly used lime 
flowing back to the stills to effect the decompo- 
sition of the fixed ammonium salts, and 
recovery of ammonia from the cream. To 
ensure the removal of the last traces of sulphur- 
etted hydrogen, ferrous sulphate solution fa 
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■ometimes added to the last lime washer, the 
ferrous hydroxide formed bj the action cd the 
lime retaining the gas as ferrous sulphide, or, 
according to Pfeiffer (J. Gasbel. 1900, 89), a 
small final washer oontoining caustic soda 
solution is added. Solutions of sodium per- 
manganate or ammonium persulphate may also be 
used (Foucar). The gases then pass through a 
series of scrubbers charged with wood charcoal, 
which remove the strongly smelling empyreu* 
matio substances derived from the tar, and in 
some cases additional purification in this respect 
is effected by passing the gas through a fatty or 
high-boiling mineral oil. The resulting purified 
gas is then led into distilled water, and thus con- 
verted into solution of any desired strength up to 
about 36 p.o. The charcoal scrubbers must be 
renewed as soon as their activity becomes 
lessened, the spent material being revivified by 
heating in closed retorts. 

Te^nical caustic ammonia is usually clear 
and colourless, and contains only small quantities 
of pyridine and empyreumatic substances. When 
these are present in larger quantity, owing to 
defective action of the charcoal filters, the liquid 
assumes a yellowish colour on keeping. Its 
strength is' ascertai led from its specific 
l^ravity. 

Liquefied Ammonia . — The liquefied gas, 
itored in steel cylinders, is now largely produced 
ind em]^oyed for refrigeration purposes. It is 
nanufactured from gas obtained and 

purified as described for the manufacture of the 
)ure aqueous solution, but instead of passing 
t into water, it is well dried, and then com- 
3 ressed by suitable pumping machinery. The 
commercial liquid usually contains small 
imounts of water, pyridine, and lubricating oil, 
ind traces of other substances, but is now 
sold, in many oases, as of guaranteed 99*9 p.c. 
Durity. 

Ammonium Chloride (Muriate of Ammonia 
)r Sal-ammonlao). — This salt has been manu- 
aotured in a similar manner to that employed 
or the sulphate, by passing the gases from 
he stills into hydroohlonc acid, but as 
ead is attacked under these conditions, the 
aturator must be constructed of stoneware or 
imilcir material, which has many disadvantages, 
t is now usuaJfiy made by neutralising hydro- 
hlorio acid with concentrated gas liquor, and 
vaporating and crystallising the resulting 
olution, or by evaporating a solution of ammo- 
lium sulphate and sodium chloride in equivalent 
»roportions ; the sodium sulphate formed 
eparates out during concentration as the 
nonohydrate, which is removed by * fishing,* 
eaving finally a concentrated solution of ammo- 
dum chloride, which is purified by crystallisa- 
ion. 

It is also manufactured by neutralising 
'galvanisers* nickle** (which consists chiefly of 
srrous ohloriae) with ammonia, and by the 
.otion of ammonium carbonate (or of ammonia 
,nd carbon dioxide) on calcium cldoride solution, 
he latter being obtained in large quantity as a 
»y-produot in the ammonia-soda manufacture, 
nd^ that of potassium chlorate ; the solutions, 
f ammonium chloride obtained in either case 
re evaporated and crystallised after removal of 
he preoipitated substances. 

Ammonium chloride may be obtained in 


cubical crystals by adding small amounts of 
ammonium acetate to the c^stallising solution. 
The modification of crystalline form is probably 
due to acetamide produced by the decomposition 
of the ammonium acetate. 

Ammonium chloride is frequently purified 
by sublimation, the sublimed product l^ing 
known as saf-ammontoc. In this country the 
operation is carried out in large iron pots 
externally heated and covered with a similar 
concave iron plate on which the sublimate 
(sal-ammoniac) forms. This is detached at the 
end of the operation, the surface adhering to the 
iron, which is always discoloured, being removed 
previous to sale. In France the discolouration 
with iron is avoided by using earthenware poto, 
but the product is more expensive, owing to 
the fact that the pots are destroyed at each 
operation. 

The commercial crystallised salt is white or 
only slightly discoloured, whilst the sublimed 
material has a fibrous structure, and frequently 
contains small amounts of iron. It is employea 
4n pharmacy, soldering, galvanising, dyeing, and 
cabco-printing, and in small quantities for many 
other purposes. 

Ammonium Carbonate (Sal-Volatile).— The 

commercial product sold under this name 
consists of a mixture of ammonium bicar- 
bonate NH 4 'HCOj with ammonium car- 
bamate NHj'CO'ONH^, and contains about 31 
p.c. of ammonia and 50 p.c. of carbon dioxide. 
It is usually prepared by subliming a mixture 
of about 1 part ot ammonium sulphate with 1 *5 
to 2 parts of chalk in retorts, the evolved gases 
being passed into leaden chambers, where the 
carbonate is deposited as crusts on the walls, 
the exit gases being washed with water or 
sulphuric acid to recover the uncondensed 
ammonia. Lunge recommends the passing of 
an additional quantity of carbon dioxide through 
the chambers to effect a more complete recovery 
of the ammonia. As soon as tne crust has 
attained a sufficient thickness it is detached, and 
is usually purified by resublimation. In Kun- 
heim’s process, the carbonate is prepared by 
passing ammonia obtained by the distillation 
of gas liquor direct into chambers, where it 
mixes with carbon dioxide and deposits the 
carbonate as a crust. (6fee also Bueb, Eng. 
Pat. 9177, 1910.) 

The commercial product forms crystalline 
crusts, smelbng strongly of ammonia, which is 
partially evolved on exposure to the air, the 
mass emoresoing and leaving a powder consisting 
of ammonium bicarbonate. It is employed in 
wool-scouring, dyeing, and as a constituent of 
baking powders. 

Ammonium Nitrate. — ^This salt is produced 
to a very large extent for use in the explosive 
industry and in the preparation of nitrous 
oxide. It may be obtained by neutralising 
caustic ammonia with nitric acid, and evaporat- 
ing and ci^stallising the solution if necessary, 
or by pass'ng ammonia-gas from the stills, after 
purification, into commercial nitric acid, the 
heat evolved by the combination causing the 
evaporation of the water prc83nt and produHion 
of fused ammonium nitrate. Calcium n’trate 
may alscrbe converted into ammonium nitrate 
by pass'ng ammonia and carbon dioxide through 
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ito aqueous solution, oaloium carbonate be^ng with copper sulphate and sulphurous acid. It is 
piocipiUtcd. It is, ho\\ever, now chiefly pre- prepared synthetically from carbon disulphide 
pared from amnonium sulpl ate and sodium Py absorbing the latter in ammonia in presence 
nitrate by the process of Frceth and Cccksed^c of bases such as lime (Albright and Hood, Eng. 
(Eng. Pat. 120678). This process depends on 14164, 1894), the ammonium thiooarbonate 
the fact that when a solution saturated w‘th first produced undergoing conversion into thio- 
respeot to ammonium nitrate, sodium nitrate oyanate. A concentrated solution of ammonium 
and sodium sulphate at any given tenipcratuie, thiocyanate is now prepared in a number of 
but not in contact with the sold salts, la dilut. d 8“ «-^c<^rding to t^c BrUish Co.'s 

with sufficient water to enable the solium salts Williams prooera (Eng. Pat. 13653, 1001), 
to be retained in solution at a lower temperature by pass ng the^ crude gu oonta'ning ammon a 
to which it is to be cooled on dilution, then, on a^d hydiwyanio acid through a purifier con- 
co(ding to that temperature ammonium nitrate ^8 sulphur in the form of spent oxide and 
crystSises out in practically pure condition, u water and fed with powdoied 

Alter seiaraticn of the nitrate, the clear solu- the ammonium polj^ulphide hrtfe 

tion is oincentratcd to diive off the amount of formed oombining Mith the hydrocyanio a' id 
water added on previous dilution, and a further ^ tliiooyanate, solutions of 30-^ p.o. 

quantity of a mixture of equivalent amounts of strcnjjth being readily obta ned, which only 
sodium nitrate and ammonium sulphate added, contain small amounts of other non*volatuo 
The whole is maintained at a temperature not ananaonium sall^. 

lower than that at which the original v as The pure salt is used in dyeing and calico- 
saturated previous to dilution with v ater. printing, and may be obtained from the crude 
Sodium sulphate then seiaratcs in piactically product by first converting it into the barium 
pure condition, and after its removal the dilu- salt with baryta- water ; or the barium salt may 
tion with water and cooling is repeated, and ^ produced by the action of barium sulphide 
the cycle of operations rope ate d. In this manner cuprous thiocyanate. After purification by 
the whole of the ammonium sulphate and sodmm recrystellisation, the barium salt is exactly 
nitrate are com[lctely oonvirtcd into piract cally precipitated with ammonium sulphate, and the 
pure ammonium n trate and sodium sulphate. solution evaporated and crystallised. The white 
Calcium nitrate may also be converted into deliquescent salt has frequently a reddish colour, 
the ammonium salt by passing ammonia and ^oo to the formation of the rod furrio thiocyanate, 
carbon dioxide gases through its aqueous solu* from traces of iron present, 
tions, calcium carbonate being precipitated. Anmioiiiuin persulphate* ^ This salt is now 

AmmonlUDi phosphate* Monammonium phos- produced on the commercial scale by the 
phate (NH4)H2P04, and diammonium phos- electrolysis of ammonium sulphate, and is 
phate (NH4).HP04 have become commercial employed for photographic purposes and as an 
products by the process of Lagrange, which oxidising agent. The commercial product usually 
starts from commercial calcium super^osphate. contains small quantities of lead derived from 
This is lixiviated by water and steam, and a electrodes used in its manufacture* 
solution of 42®Tw. is obtained, together with a G* C. 

residue of calcium sulphate. Some of the AMMONIACUM, AFRICAN, GUM, PERSlANf 
latter remains in the solution, and is re- v. Gum RhsiNS. 
moved by carefully adding barium carbonate. AMMONITE v. Explosives. 

The filtrate is neutralised by ammonia in slight AMMONIUM MELEQUETA v, CoccuLUS 

excess, whereby all the lime is precipitated as indicus. 

basic phosphate, which is washed and used over AMPANGABEITE* A rare-earth mineral 
again for the manufacture of superphosphate, from Madagascar, described by A. Lacroix in 
The filtered solution, marking 32®Tw., contains 1912. It is a tantalo-columbate (containing 
monammonium phosphate, e^nd can be worked , but little titanium) of uranium (UOj 19*4 p.c.), 
for this or for diammonium phosphate. The ! iron, yttrium, thorium, &c. The crystals are 
latter is obtained by gradually mixing the above j orthorhombic and form sub-parallel groupings 
solution with liquor ammonicB of sp.er. 0-92, in of large prisms of a brown colour and bright 
the proportion of IJ equivalents of NH, to I of i greasy lustre. Sp.gr. 3 *97-4 *29, depending on 
(NH4)Ha(P04). The diammonium phosphate at the degree of hydration, the material being 
once separates out as a crystalline mass, w'hich, optically isotropic. The mineral occurs asso- 
after cooling, is submitted to hydrauUo pressure, ciated with beryl, columbite, striiverite, and 
The operatuin is carried out in a closed vessel, monazito in pegmatite veins at Ampangabe, 
to prevent the escape of ammonia. The mother Ambatofotsikdy, and Tongafeno. A consider- 
liquor is employed for the manufacture of able number of loose crystals have been collected 
ammonia. The diammonium pho^hate is prin- from the weathered debris of the pegmatite, 
cipally used in Lagrange’s sugar-remiing process. L. J. S. 

Ammonium tniocyanate is manufactured in AMPBLOPSIDIN, AMPELOPSIN, v, Antbo- 
considerable quantity in the crude Ibate, but oyanins. 

the product is for the most part simply employed AMPHOTROPHIN* Trade name for hexa- 
as an intermediate product m the manufacture of meth^enetetramine camphorate. 
cyanides. It occurs, as has been mentioned, in AMRAD-GUM. This gum forms white, 
considerable amount in gas-liquor, and also in yellow, and brown lumps of a sweetish taste and 
spent oxide, from which it may be extracted by resinous smell. An aqueous solution (1 : 2) is 
water, but in both oases it Is mixed with so viscid and stronglv adhesive. It abo gives with 
many other impurities that its recovery is not oil excellent emulsions, which keep very well* 
remunerative ; it may, however, be easily iso- The d|^ substance contains 6*61 p.o. of ash, 
lated as cuprous thiocyanate by precipitation co n s is t in g of oarbonio acid, lime, iron, magne8ia» 
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traces of phosphoric acid and silica. Has been 
recommended as a substitute for gum arabio. 
It was brought into the market some years ago, 
and comes from the Abyssinian highlands ; is 
probably obtained from Acacia etbacta (8chwein> 
lurth). (H. Unger and Kempf. Pharm. Zoit. 33, 
218 ; J. 8oo. (>hem. Ind. vii. 446.) 

AMYGDALASE, AMYODALIN v, Qluco. 

SIDES. 

AMYGDONITRILE GLUCOSIDE u. Gluco. 

SIDES. 

AMYGDOPHENIN v. Synthetic drugs. 

AMYL signifies the hypothetical mono- 
valent radical CgHn— , derived from the three 
isomeric pentanes, C«H]g, by removiU of one 
hydrogen atom. Normal pentane may have 
one hydrogen atom substituted by a mono- 
valent atom or grou}) in three ways, secondary 
pentane or dimethylethylmcthane may have 
one hydrogen atom substituted in four ways, 
and tertiary pentane or tetrampthylmothane 
may have one hydrogen atom substituted in 
one way. There are thus eight scries of deriva- 
tives of the radical * amyl.’ It is usual to 
designate as amyl compounds those of the type 
CHa-CH,-CH,*Clf,-CHaX, where X signifies a 
monovalent atom or group, and those of the 

typo US tfioainyl com- 

pounds. i'requently derivatives of the type 
X* ’'***“ •" optiooUy 

active form, are referred to as active amyl com- 
pounds, as the commonly occurring active amyl 
alcohol belongs to this class. The other types 
of amyl derivatives are designated according 
to the usual methods of nomenclature in organic 
chemistry. 

The amyl compounds of technical importance 
are all prepared from fusel oil, and are therefore 
ill no case pure chemical individuals, but con- 
sist of an tifoamyl com pound containing a 
variable proportion of the corresponding d- 
amyl derivative. 

Amyl Alcohols CtHuOH. The eight theo- 
retically possible struotural isomerides are all 
known. Of these, three should also bo capable 
of existing as optically active steicoisorneridcs. 
This has been realised in two cases, but not in 
the third, namely that of methylisopropyl- 
oarbinol. 

n-Amyl Alcohol CHa CH, CH, CH, CH,Ott 
(Pentanol). This alcohol was prepared in an 
impure state by Schorleiiimer (Aniialen, 1872, 
161, 269) from crude pentane. Wiarhnegradsky 
(Annalcn, 1878, 100, 328) concluded that it was 
resent in commercial amyl alcohol, but this 
as been shown to be incorrect {Tissier, Bull. 
Soo. ohim. [3] 0, 100). 

It is a colourless liquid of fusel oil odour; 
b.p. 137-7®; ^2^=0*8168. It is best pre- 

pared bv reducing valeramide with sodium 
and aloonol (Chem. Zentr. 1904 [2] 1698), or by 
a similar reduction of ethyl-n-vederate or cthyl- 
n-propylacetoacetate (D. B. P. 164294, 1904 ; 
see also Biochem. Zeitsch. 1914, 62, 470 ; and 
Annalen, 159, 70 ; 233, 253). 

Icobutyl Carblnol (CH,),CH CH,CH.OH (3- 
methylbtttanol). Ordinary ieoamvl alcohol, fer- 
mentation amyl alcohol, is the chief constituent 
of most fusel oUs. It also occurs as angelic and 


iighc esters in oil of camomile (Annalen, 196, 
09). It constitutes from 60 to 85 p.o. of 
technical amyl alcohol. (For further details as 
to the isolation of tsoamyl alcohol from fusel 
oil, Ac., see below under * Fusel Oil.’) 

It is a colourless liquid possessing a character- 
istic, oough-provoking, odour; b.p. 131*4^/760 
mm., 46*8®/14*2 mm. It freezes at —134°, and 

melts St - 1 17'2<’ ; D°J.:=0-823. It is soluble in 
60 parts of water at 13*5®. One litre of water 
dissolves 34*7 c.c. isoamyl alcohol ; 1 litre of 
the alcohol dissolves 22*14 c.c. water. 

It may be prepared synthetically by reducing 
isovaleric acid (from isobutylalcohol), or better, 
by the action of trioxymethylene on tsobutyl- 
magnesium bromide (Looquin, Bull. Soc. chim. 
1904, [3] 31, 699). It is a strong poiaon both to 
human beings and to bacteria. It is about 
eight times as poisonous to man as ethyl alcohol. 

Dertvativea. — Urethane, m.p. 64*5° ; phenyl 
urethane, m.p. 54° ; phenyl caroamato, m.p. 55®. 

Secondary Butyl Carblnol 

CHj,*CH,CH(CH,)*CHaOH 
(2-methylbutanol). Active amyl alcohol, the 
second constituent of commercial amyl alcohol, 
is a colourless liquid of similar odour to the 
above, i'he vapour does not provoke coughing, 
but has greater stupefying effects; b.p. 128° ; 
D^S'=0-816i [o]‘^ ^-6-90°. 

The active alcohol, in spite of its laivorota- 
tion is more correctly termed d-amyl alcohol, on 
account of its genetic relationships with d- 
isoleucine and with d^aleric acid. The oxida- 
tion of the alcohol yields pure d-methylethyl- 
aoetic acid. For the methods of isolating the 
pure active alcohol from fusel oil, see below, 
under * Fusel Oil.’ It should be noticed that all 
technioal amyl compounds contain variable 
amounts of the active amyl derivatives. 

Derivatives. — Urethane, m.p. 61® ; phenyl 
carbamate, m.p. 30°; 3-nitrophthalate, m.p. 
114°. 

The active alcohol is partially or wholly 
racemised by heating above 200°, more especi- 
ally when in the form of sodium amylate or in 
the presence of salts soluble in the liquid (Chem. 
Soc. Trans. 1897, 71, 266 ; Proo. Roy. Soc. 
17, 308). The racemio alcohol has been synthe- 
sised by the reduction of natural or synthetio 
tiglio aldehyde (Herzig, Monatsh. 3, 122), and 
by the action of secondary butylmagnesium 
bromide on trioxymethylene (Freundier and 
Damond, Bull. Soc. chim. [3] 35, 110). It has 
b.p. 128°/749 mm. Its acid ra-nitrophthalate 
molts at 117®. A mixture of racemio with 
f-amyl alcohol was obtained by Le Bel (Bulk 
Soc. chim. 1878, [2] 31, 104). 

Turtlary Butylcarbinol (CH.),C’CH.OH (2-2. 
dimethylpropanol). This alcohol is a volatile 
solid met^g at 52°-53®, and has a pleasant 
turpentine-like odour : b.p. 113®-! 14®. It has 
all the charaoteristio properties of a primaiy 
alcohol. 

It has been prepared by reduction of tii. 
methylacetyl chloride, also, in poor yiel^ by 
ohlonnation, Ao., of tetramethylmethane and 
by the action of a Giignard reagent on para, 
formaldehyde or methyl formate (Tiasier, Ann. 
Chim. Phyv. [61 29, 340 ; Sameo, Annahin, 351, 
250 ; Bonveault, Compt. rend. 138, 985, 1108). 
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The action of nitronfl acid upon this alcohol 
yields not this alcohol, but the isomeric dimethyl- 
ethykarbinol (Tiasier, Compt. rend. 112, 1066). 

Mathyhn-propyletfbinol CH,'GH(OH)‘CaU7 

(pentanol-2). lliis is a colourlees liquid of b.p. 

119®, and D^o— 0*8102. It is prepared by the 
reduction of methyl-n-propyl ketone by means 
of sodium amalgam, or better, by the method of 
Sabatier and Senderens (Chem. Zentr. HK)3, [2] 
708). The best method of preparation is by 
the action of propylmagnesiumbromido on 
acetaldehyde. 

This alcohol is racemic. Le Bel, using 
Penicillium glaucum, obtained a Isevoroiatory 
specimen (Compt. rend. 89, 312). Pickard and 
Kenyon (Chera. Soc. Trans. 1011, 90, 46), by 
crystallisation of the strychnine and brucine 
hydrogen phthalates, obtained the pure d- 

alcohol; b.p. M8-6'’-119-6'’ ; d’ 5 ““-.O-SieO J 
= + 13-70». 

Methyllsopropylearblnol 

CH,-CH(OH)-CH(CH,), 
(4-metliylbutanol-2), a colourless liquid of b.p. 
1 13®, which has the fusel oil odour. It docs not 

freeze at —33®. It has Jjj^=0‘819. Hydrogen 

halides react with it very slowly to produce only 
tertiary compounds, such as 0 ,H 5 *(CH 3 ),*C*Cl. 
It has been prepared by the reduction of the 
corresponding ketone, and, in ffood yield, by the 
peculiar action of zinc dimethyl upon bromo- 
acetyl bromide or chloroacetyl chloride (Anna- 
len, 191, 127 ; 209, 87). It may also be obtained 
by the interaction of mothylrnagnesium bromide 
and isobutylene oxide, cliloroocctono, or chloro- 
ace^l chloride (Compt. rend. 146, 21). 

This alcohol is racemic ; the optically active 
components havo not been isolated. 

Dlethyloarblnol C,H,'CH(OH) (\IIsX (ponta- 
nol-3). This is a colourless liquid having the 
usual amyl alcohol odour; b.p. 114®-115®/749 
mm.; D14-7 "=o*8271. 

It is prepared by the action of ethyl formate 
on zinc ethm (Annalen, 175, 351), or on ethyl- 
magnesiuinbromide (Chem. Zentr. 1901, [2] 
623). 

Derivative . — Phenyl urethane, m.p. 48®- 49®. 

Ethyldimethylcarblnol CaH* C(CH,),OH (1- 
1 -dimethylpropanol). This alcohol, commonly 
known as ‘ amylene hydrate,* is a colourless 
liquid possessing an odour resembling that of 
camphor; b.p. 101*6®-102®; m.p. —12®; 
dJ®„=0-8144. 

It has been prepared synthetically by the 
interaction of propionyl chloride and zino 
dimethyl (Annalen, 190, 328). It is produced 
commercially by treating amylene with ^ueous 
sulphuric acid, and suosequently boiling the 
solution. Trimethylethylene, the chief con- 
stituent of commercial amylene, is thus quanti- 
tatively converted into tertiary amyl alcohol, 
which is employed nfedicinally as a hypnotic. 

FumI Oil is the source of all commercial 
amyl compounds. It is a yellow or brownish 
liquid possessing a nauseating taste and a 
duuracteristic unpleasant, cough - provoking 
odour. It boils from 89® upward, but chiefly 
between 128® and 132®. It has a density of 


about 0*83. It bums with a bright flame, and 
its main constituents are usually ^oamyl 
edoohol and active (Invorotatory) d-amyl alcohol 
in varying proportions. 

The larger quantity of commercial fusel oil 
is obtained as a residue in the refining of the 
crude spirit from the fermentation of potatoes 
or molasses. The separation is effected by 
fractionating the fermented liquor, usually in 
a continuously operating plant {ftee under 
Alcohol). When the ethyl alcohol content of 
the liquid has fallen to 15 p.o. the fusel oil may 
bo removed from the surface, whore it separates 
as an oily layer, ('rude spirit after fractiona- 
tion may contain 95 p.c. of ethyl alcohol, and 
usually about 0*4 p.c. of fusel oil. Brandy con- 
tains at the most only traces, but the spirits 
having the most pleasing aroma, those from 
com or fruit, e.g. cherries, Ac., may contain 
up to 0*6 p.o. or more of fusel oil, 'partly in 
the form of esters The presence of the fusel 
oil may increase the intux ioaiing Qualities of 
the spirit, but the harmful effects of excessive 
spirit drinking seem to bo mainly caused by 
ethyl alcohol. 

The chief constituent of most fusel oils is 
the mixture of amyl alcohols which constitutes 
65-80 p.c. of the whole, and which is sold as 
commercial amyl alcohol of b.p. 128°- 132®. 
The proportions in which the two amyl alcohols 
occur in commercial amyl alcohol vary con- 
siderably, as Marckwald pointed out, according 
to the source of tiie specimen. Ordinary com or 
potato amyl alcohol contains from 13*6 to 22 p.o; 
of the active isomeride, while the amyl alcohol 
from molasHos fusel oil contains from 48 to 58 
p.c. of the Iftvorotatory alcohol. Besides the 
amyl alcohols, ordinary fusel oils contain 
usually from 16 to 25 p.c. of t.yobutyl alcohol 
(b.p. 108°), and from 4 to 7 p.o. of n-propyl 
alcohol (b.p. 07®). But the fusel oils from 
wines may contain large quantities (as much aa 
50 p.o. of the whole) of n- butyl alcohol. That 
produced by the Fembach .Fermentation Process 
IS said to contain 65 p.c. of butyl alcohol. 

In addition to these main constituents, there 
'are always present in small quantities some or 
all of the following ; hexyl and hcptyl alcohols, 
furfurol, acotalUmyde, tsobutyl and valeric 
aldehydes, ammonia and amines, pyridine, 
pyrazine derivati\es, traces of all tlio fatty 
acids up to caprio acid in the form of ethyl, 
amyl or oenanthyl esters, terpeno and terpene 
hydrate. 

The formation of fusel oil in fermentation 
has been explained by Ehrlich (Ber. 1996, 39, 
4072 ; 1907, 40, 1027, 2638 ; 1912, 46, 1006 ; 
Biochem. Zeitsch. 1911, 36, 477; see also 
Biochem. Zcitsch. 1907, 3, 121 ; 1908, 10, 490). 
Ehrlich has shown that the addition of leucine 
andd-isoleucine, in the form of, e.g., hydrolysed 
egg albumen, during the fermentation process, 
results in a largely increased yield of amyl 
alcohols. This is made the basis of a technical 
method (D. B. P. 177174). Leucine, from egg 
albumen, can also be converted by diy distilla- 
tion into amylamine (D. B. P. 103166), and 
theqee into a mixture of amyl alcohols similar 
to that oocurriAg in fusel oil. 

Detection and Estimation . — Fusel oil is best 
detected in spirits by rubbing a little of the 
liquid between the hands, when the ethyl alcohol 
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evaporates and the residue reveals itself by its 
smell. When a large quantity is available for 
the estimation, it may be accomplished by 
subjecting the material to fractional distillation. 
For ordimury purposes the usual method de^nds 
on the extraction of the fusel oil from a 30 p.o. 
ethyl alcohol solution by means of chloroform, 
the increase in volume of the latter being 
observed (see Ehrlich, Ber. 1007, 40, 1031 ; 
Pringsheim, Biochem. Zeitsch. 1907, 3, 233). 
For another valuable method, see Aberhalden*s 
Handbuch der biochemischo Arbeitsmethode, 
ii. 11; V. Fusel oil. 

Uses. — Fusel oil and commercial amyl 
alcohol are valuable solvents for resins, fats, an^ 
oils ; amyl alcohol, being much more useful 
for these purposes than ethyl alcohol, is therefore 
indispensable in industry. It is much used in 
the nitrocellulose smokeless powder and lacquer 
industries. It has been proposed as a raw 
material for the production of synthetic rubber 
(Perkin, J. Soc. Chem. Ind. 1012, 31, 610). 

Preparation of Isoamyl and d-Amyl Alcohol 
from Fusel Oil . — ^This separation was first 
partially effected by Pasteur (Annalen, 1855, 06, 
255) by the fractional crystallisation of the 
barium salts of the amyl sulphuric acids. Le 
Bel went further, using the fact that conversion 
of the alcohols into the chlorides by hvdrogen 
chloride loft a more active residue than the 
original mixture (Bull. Soc. chim. [2] 21, 542 ; 
25, 545). Marckwald finally isolated the two 
alcohols in a state of chemical purity (Ber. 1001, 
34, 479, 485 ; 1902, 35, 1595, 1602 ; 1904, 37, 
1038), by fractional crystallisation of the 3- 
nitrophthalic esters and also by using Pasteur's 
method. All the pairs of derivatives of the 
two components of natural amyl alcohol 
examined by Marckwald formed mixed crystals. 

To obtain tsoamyl alcohol, use a potato amyl 
alcohol containing 80 p.o. of t^toamyl alcohol 
and convert it at once into the 3-nitrophthalic 
ester, which is quickly purified by recrystallisation. 

To obtain 3-amyl alcohol (laovorotatory), use 
the molasses amyl alcohol containing at least 
50 p.o. of the required compound. Saturate 
with dry hydrogen chloride at 0°, and heat in 
an autoclave for five hours at 1 10®. On distilla- 
tion of the product a lio uid is obtained containing 
80 p.o. of the active alcohol. This is then con- 
verted into the 3-nitrophthalate and rccrystal- 
lised from benzene until the melting-point of 
the compound is 114®. The two alcohols are 
very easuv obtained from the acid nitrophthalic 
esters by hydrolysis. 

Amyl Acetaie OsHijO'CO’CH,. A colour- 
less neutral mobile liquid having a pene- 
trating odour resembling that of jargonelle 

pean; b.p. m-6»-139‘> ; =• 0-876. Is 

easily inflammable, and sparingly soluble in 
water, but easily so in organic solvents. For 
its preparation, 1 part of commercially pure 
amyl aloohol, 1 part of glacial acetic acid, and 
J part of concentrated sulphuric acid, are heated 
at 100® for five hours, the mixture poured into 
water and the oil separated. The ou is shaken 
with a strong aqueous solution of sodium 
carbonate, dned, and distilled. (See also 
CSompt. rend. 1911, 152, 1671 ; and Eng. Pat. 
4669, where fusel oil, hydrochloric acid, and 
calcium acetate are us^.) 


JDhe alcoholic solution is largely used under 
the name of * Jargonelle Pear Essence,* for 
flavouring confectionery. Amyl acetate is an 
excellent solvent for gun-cotton, camphor, 
tannin, and resins, and is therefore greatly 
used in the celluloid and varnish industries. 
It is also used in the manufacture of smokeless 
powder and photographic films. It is recom- 
mended as a standard oil in photometry (J. 
Soc. Chem. Ind. 1885, 262). See also Acetic Acid. 

Amyl Ether CjHii O CjHn. A colourless 
liquid possessing a pleasant pear-like smell; 
b.p. 172-6®-173^; Dft*=0-7807. It is pro- 
pared by heating the alcohol to its boilmg- 
point with 1/10 part of concentrated sul 
phuric acid (D. B. P. 200150), or with 1/10 
part of amyl iodide in an autoclave at 250®. It 
IS used as a solvent in the Grignard reaction, 
for fat extraction, for perfumes, alkaloids, in 
the varnish industry, and therapeutically. 

Amyl Formate CbHuO'CO'H. A fragrant 
liquid of b.p. 123‘3® ; and D^osO‘8944, pre- 
pared from fusel oil and formic acid or from 
xusel oil, glycerol, and 03 ;alic acid. It is used 
in the synthetic fruit essence industry and in 
the laboratory in the preparation of oxy methy- 
lene derivatives. 

d-Amyi Mercaptan CfiHn'SH. A liquid of 
b.p. 1 1D®-121®, was prepared in a state ot purity 
from fusel oil by Vorocek and Vesely (Ber. 1914, 
47, 1515) and used to resolve racemic arabinose 
into its optically active components. 

Amyl Nitrite CsHnO NO. A yellow neutral, 
or feebly acid liquid, possessing a fruity 
smell; b.p. 97®-99® ; Dl6*r=0-870-0-880. It 
bums with a brilliant flame. It should bo 
kept protected from light, but in* any case 
it is best either freshly prepared or repeatedly 
fractionated before use. l%e vapour should 
not be inhaled. It is prepared by passing 
nitrous fumes into amyl alcohol kept at 70°-9Cr 
(Balard, Ann. Chim. Pnys. [3] 12, 318 ; Williams 
and Smith, Pharm. J. 1886, 499). Bouveault 
and Wahl passed nitrosyl chloride into a dry 
mixture of pyridine and amyl alcohol (Compt. 
rend. 136, 1563). For a rapid meyiod of pre- 
paration, involving sodium nitrite, see Ber. 
1886, 19, 915. 

The pure isoamyl nitrite has b.p. 97® ami 
D l5°=c=o*880 (Dunstan and Williams, Pharm. J. 
1889, 487). 

It is used in the preparation of diazo and 
tsonitroso compounds or nitroso chlorides, and 
as the * amylium nitrosum ’ of medicine for the 
treatment of epilepsy, asthma, angina pectoris, 
&o., since it reduces blood pressure and retards 
the pulse. It is also used in the manufacture 
of sweets, perfumes, fruit essences, &o., in spite 
of its harmful effects. 

Tertiary amyl nitrite (CH,),(0aH5)*C*0’N0 
(Bertoni’s * Amylonitrous Ether ^) has been '^sed 
as a substitute for ordinary amyl nitrite, its 
action being stronger in degree and more lasting. 
It is a yefiow liquid of weak camphoraceous 
odour and peppermint taste ; b.p. 93® (J. Soc. 
Chem, Ind. 1889, 1003). 

Amyl SalioyUte CBH„OCOCeH 4 *OH (Amyl- 
enol) is a colourless refractive liquid of b.p. 
250® (with decomposition), and 115®/2 mm.; 
D 15* 1*065. It 18 produced by paninj^ dry 
hydrogen chloride into a saturated solution of 
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salioylio acid in amyl alcohol, and after some 
hours pouring mto water aud working up aa 
usual. 

It is used medicinally as an antirheumatio and 
in the perfume and ^it essence industry C. S. G . 

AMYLACETIC ACID (Active) v. Heptoio 

ACIDS. 

iso-AMYLACETlC ACID v. Hbptoig acids. 

a- and i3-AMYLANS n(C«Hi«0.) t 

After first extracting cereals with strong 
alcohol, the aqueous extract contains gummy 
Iflsvorotatory colloidal carbohydrates, which 
are precipitated by strong alcohol. The product 
so ODtainod from barley is a mixture, part being 
soluble in cold water. The insoluble crumbly 
residue, amounting to 2 p.c. of the barley, is 
a-amylan. It has [ajo— 21*6, and does not 
reduce Fehlins’s solution; it is gelatinised in 
hot water, and yields viscous solutions even at 
1-2 p. 0 . concentration. O’Sullivan (Chem. Soc. 
Trans. 1882, 41, 24) found it to be present in 
barley, oats, wheat, and rye, especially in the 
two first named. The soluble product $• 
amylan has [a]p— 65*; it amounts to 0*3 p.c., 
and is vei^ similar to a-amylan in properties. 

O’Sullivan obtained from ^S-am^lan, by 
fractional precipitation with alcohol or on boiling 
with milk of lime, a similar substance [a]D 
— 129*7®. This he regarded as a decomposition 
pu>duct, but this is probably not the case. 
O’Sullivan states that the amylans yield glucose 
alone on hydrolysis. Lintncr ana Diill (Zeit. 
angew. Chem. 1891, 538) obtained galaotoFe 
and xylose from barley gum. Wroblewski 
(Ber. 1893, 30, 2289) obtained arabinose. Lindet 
(Berlin Congress, 1903, 3, 498) isolated a dextro* 
rotatory gum from barley, in addition to a 
IsBvo-rotatory gum. 

Contrary to O’Sullivan’s statement that 
diastase is without action on amylan, Horace 
Brown (Trans. Guinnejss Research Laboratory, 
1906, 317, where there is a full account of amylan) 
finds that when barley gum is steeped in malt 
extract it swells up and undergoes gradual ' 
liquefaction and solution, and in a few days ! 
its colloidal nature is lost. This is one of the 
most significant changes which mark the con- 1 
version of barley into malt. 

To prepare ‘ amylans * in quantity. Brown 
boils the finely divided grain with wator, treats 
with malt extract at S)*-66® for an hour to 
liquefy the starch, boils again, and filters. Tlie 
filtrate is concentrated in vacuum tosp.gr. 1*060, 
and three volumes 80 p.c. alcohol (by volume) 
added gradually. The crude amylans are 
precipitated in large white flocks free from 
dextrin and have no cupric reducing pow'er. Cor- 
rected for ash and nitrogen they amount on a 
number of dry barleys to about 9*6 p.c., and 
have [a]D+62® to +73®. This amount practi- 
cally accounts for the whole of the missing 
constituents of the soluble portion of barley ' 
after hydrolysis with malt extract. 

On hydrolvsis about 60 p.c. of glucose is j 
formed, together with arabinose, x^ose, and | 
an unknown substance of low angle and reducing > 
power. 

The above dextrorotatory amylan repre- 
sents eve^thing insoluble in 62 p.o. alcohol. By 
a variation of the method of preparation a 
carbohydrate [alp*- 100*34®, corresponding to 
Wroblewski’s araoan, was obtained. 


it IS obvious that the 'amyians' reqiuiw 
further investigation. Aooording to O’Sullivan, 
it is probably owing to the presence of amylan 
that unmalt^ barley cannot be satisfactorily 
employed in the preparation of beer, ^alted 
gram docs not contain it. Distillers usmg raw 
ram (oats and barley) have at times much 
iflioulty in separating the wort (solution of 
sugars, Ac.) from toe grains (undissolved 
portion of the grain employed) in consequence 
of the presence of amylan in quantity, toe 
barleys and oats of some seasons containing 
much more of it than at other times. E. F. A. 

AMYLARINE. /soamyltrimethylammonium 
hydroxide. 

AMYLASE V. Diastasb ; dUo Enzymbs. 

AMYLENE CfiH,o. Eight isomeric amylenes 
are theoretically possible, and all have been pre- 
pared. These hydrocarbons have been chiefly 
studied by Flavitzky (Annalen, 179, 340), Wysch- 
negradsky (Annalon, 190, 336), and by KondakofI 
(J. Russ. Phys. Chem. Soc. 24, 381), and can be 
obtained by the action of alcoholic potash on 
the various amyl iodides ; or by the action of 
dehydrating agents such as sumhuric acid or 
zinc chloride on amyl alcohol. They can often 
be converted into one another by the action of 
hydriodio acid and the subsequent removal of 
the latter, thus : 

Me^CU CH:CHa+llI 

KOH 

-^Me-CHCUIMe Me|C:CHM6 

* + alcohol 

The amylene ordinarily mot with is tri% 
metbylethyleno, and is chiefly obtained by the 
dehydrating action of zinc chloride on fermenta- 
tion amyl ucohol. 

PreparcU%o)i . — To prepare amylene, fermenta- 
tion amyl alcohol ( 1 part) is shaken with coarsely 
powdered zinc chloride (IJ parts), allowed to 
remain for twenty- four hours, and then distilled. 
The product consists of a complex mixture of 
paraffins from Cjllja to OioHn with olefines 
from CftHjo to CioH^o (Wurtz, J. 1863, 
507). These can be isolated by fractional dis- 
tillation (Wurtz), but according to Eltekow (J. 
Russ. Chem. Soc. 14, 379), amylene is most 
readily obtained if the product is well cooled, 
and shaken with dilute sulphuric acid (2 vols. of 
acid to 1 vol. of water), the acid layer separated, 
diluted with water, and distilled ; the distillate 
consists of amylene (trimethylethylcne) and 
tertiary amyl alcohol, and the latter, on dis- 
tillation with sulphuric acid (1 : 1), yields pure 
trimethylethylene. Amylene may be satis- 
factorily obtained from commercial amyl alcohol 
under the following conditions : Amyl alcohol 
(1*5 litres) and concentrated sulphurio acid 
(100 C.O.) are heated to vigorous boiling under a 
reflux condenser in which the water is main- 
tained at such a temperature (60®-90®) as to 
allow a considerable amount of vapour to distil 
out of the apparatus ; the top of toe condenser 
is connected with a second, efifloiently cooled 
condenser, attached so aa to permit downward 
distillation. The heating requires a maximum 
time of about eight hours. At first, water and 
amyl alcohol pass over, whilst subsequently 
amylene diafila. The distillate is washed with 
sodium hydroxide to remove sulphur dioxide 
and the amylene isolated by froctiona^n. It 
appears to oonaist of A*oiothyl-A«- butylene and 
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/8•methy^A^-butylelle contaming onlv a 
gible amount of y-metbyl-Aa-butylene. The 
residue in the original flask contains amyl 
alcohol and Moaiayl ether, which are recovered 
by distillation with steam and subsequent 
fractionation. About 260 c.c. of amylene 400 
C.O. of tsoamyl ether, and 600 c.c. of amyl 
alcohol are obtained from 1600 c.c. of the latter 
(Adams, Kamm, and Marvel, J. Amcr. Chetn. 
Soo. 1018, 40, 1060 ; Chem. Soc. Abstr. 1010, i. 
61). Larger amounts of amylene are more 
conveniently obtained by the pyrogenic-catalytic 
method, using aluminium oxide as catalyst 
at 600°-640°, using a suitably electrically 
heated furnace (c/. Ipatieff, Abst. 1003, i. 
603). The yield of amylene is 70-80 p.c. of 
the theoretical, and the product is about 08-00 
p.c. penteno. The catalyst retains its activity 
for a long time. Pure trimethylethylcno can 
be prraared by heating tertiary amyl iodide 
Me^CIEt with alcoholic potash (J. Russ. Fhys. 
Chem. Soo. 17, 204). It can also bo formed by 
dropping tertiary amyl alcohol on to oxalic acid 
(D. R. P. 66800). 

Other methods for obtaining ordinary am}'!- 
ene have been described by Balarcf (Ann. 
Chim. Phys. [3J 12, 320) ; Bauer (J. 1861, 660), 
and Linnemann (Annalen, 143, 360) ; Kondakoff 
(l.c.) ; Ipatieff (J. Russ. Phys. Chcin. Soc. 30, 
202) ; Tornoo (Ber. 21, 1*282) ; Blaise and 
Courlot (BuU. Soo. chim. 36, 682). 

Proptrtiea. — Amylene is a colourless liquid, 
b.p. 36^-38° and sp.gr. 0 6783 at O'" (Le Bel, 
Bull. Soo. chim. 26, 647) ; b.p. 36*8° at 762*7 mm. 
(Sohiff, Annalen, 223, 66). It combines directly 
with a large number of substances : with nitric 
peroxide (Quthne, Chem. Soc. Trans. 13, 120 ; 
Wallaoh, Annalen, 241, 201 ; 248, 161 ; Miller, 
Chem. Soc. Proc. 3, 108 ; Demganoff, Chem. 
Zentr. 1800, i. 1064) ; sidphur chloride and 
ohlorine (Guthrie. Chem. Soc. Trans. 12. 112; 
13, 46, l20 ; 14, 136 ; Kondakoff, J. Russ. 
Phys. Chem. Soc. 20, 141 ; 24, 381 ; Ber. 
24, 020 ; Hell and Wildermann, ibid. 216) ; with 
bromine (Wurtz, Ann. Chim. Phys. [3] 56, 468; 
Hell and Wildermann, l.c. ; Kondakoff, l.c.), and, 
when cautiously mixed with well-cooled sulphuric 
acid, sp.gr. 1*07 (2 vols. H2SO4 to 1 vol. water), 
in a freezing mixture, is converted into dimethyl- 
ethyl cnrbinol, b.p. 101*6®-'102®/762*2 mm., 
which has valuable nypnotio inopertics (J. Soc. 
Chem. Ind. 8, 1002 ; 0, 660, 880), and can be 
obtained, after neutralisation with sodium 
hydroxide ; on distillation (Flavitzky, 176, 167) 
with sulphuric aoid, sx).gr. 1*646 (2 pts. by weight 
HgS04 to 1 pt. water), mothyU'sopropyl oarbinol 
is obtained (Osipoff, Ber. 8, 642, 1240). Amy- 
lone forms compounds with metaUio salts 
(Denig^s, Compt. rend. 126, 1146 ; Kondakoff, 
J. Russ. Phys. Chem. Soc. 26, 36). When 
heated to high temperatures, benzene, naphtha- 
lene, acetylene, methane, carbon, and hydrogen 
are produced, the products deTOnding on the 
temperature (Haber and Oeoheihausor (Chem. 
Zentr. 1897, i. 226). The action of nitrosyl 
chloride on amylene has been studied by Tilden 
and Sudborougn (Chem. Soo. Trans. 1803, 482). 

In addition to ordinary amylene, the following 
isomerides have been obtained : — Normal amyl- 
ene, b.p. 39”-40^ (Wurtz, Annalen, 123, 205 ; 127, 
65; 148. 131: Zeidler, Annalen, 197, 263; 
Kondakoff, J. Russ. Ph:^ Chem. 800. 24, ]13| 


Flavitzky and Wysohnegradsky, he .) ; isopropyl^ 
etfiyUnet b.p. 21’L°-21'3*’ (Flavitzl^ and Wys- 
cbriegradsky, l.e, ; Kondakoff, l.e, ; Ipatieff, l.e.); 
ffynmetneal meihylethyleihylene, b.p. 36* at 
740*8 mm. (Wagner and Sayteew, Annalen, 176, 
373; 179, 302; Kondakoff, l.c.; Lissier, Bull. 
Soc. chim. 9, (3) 100); and unsymmetrical 
meihykihykthylene, b.p. 31 •-32®, sp.gr. 0*67 at 
0* (Wyschnogradsky, l.c. ; Lo Bel, Bull. Soo. 
chim. 26, 646 ; Kondakoff, l.c. 25, 364) ; Methyl- 
teiratneikylene, b.p. 39®-42® (Coleman and Perkin, 
Chem. Soo. Trans. 1888, 201); perUamelhylene, 
b.p. 35* (Custavson and Demganoff, J. Russ. 
Phys. Chem. Soc. 21, 344 ; Markownikoff, Ber. 
30," 976 ; Young, Chem. Soc. Trans. 1808, 906 ; 
Wislicenus and ilanschcl, Annalen, 276, 327} ; 
And dimethyltrimcthykne (Custavson and Popper, 
J. pr. Chem. 166, 468). 

The action of hydrogen iodide on the amyl- 
cnes has been investigated by Say tzow (Annalen, 
170, 126) ; whilst Zeidler (Annalen, 186, 246) has 
examined the products obtained when various 
amylcncs are oxidised with potassium perman- 
ganate in acid, neutral and alkaline solution, 
with chromic acid, and with potassium dichiom- 
ate and sulphuric acid, llie halogen derivatives 
of the various amylenes have been investigated 
(Lipp, Bor. 22, 2672 ; Hell and Wildermann, 
23, 3210 ; Ipatieff, J. pr. Chem. 161, 267 ; Chem. 
Zentr. 1808, ii. 472 ; Brochet, Ann. Chim. Phys. 
1897, 10, 381 ; Wassilcef, Chem. Zentr. 1899, i. 
776; Froebe and Hochstotter, Monatsh. 23, 
1076 ; Kukuritschkin, J. Russ. Phys. Chem. 
Soc. 36, 873 ; Schmidt and Leipprana, Ber. 37, 
632 ; Hamonet, Compt. rend. 138, 1609). Also 
the actioTi of oxalic acid on various amylenes 
(Mikiosbefisky, J. Russ. Phys. Chem. Soc. 22, 
495), the nitrolaminus (Wallach and Wohl, 
Annalen, 262, 324), and the nitrosites and 
nitrosates (Ipatieff, C3iem. Zenti. 1800, li. 178; 
Schmidt. Ber. 36, 2323, 2336, 3737 ; Hantzsch, 
2978, 4120; Schmidt and Austm, Ber. 36, 
1768). 

The following xiolymeridcs of amylene have 
also been obtained, and can be prepared by 
heating ordinary amyl alcohol or amylene with 
zinc chloride : — Diamylene 167°— 

167*57750 mm. (Balard, Annalen, 62, 316; 
Schneider, Annalen, 157, 207 ; Bauer, Jahres- 
boricht. 1861, 660 ; Kondakoff, J. pr. Chem. 
162, 442 ; Gasselin, Ann. Chim. Phys. 1804, 3, 
6); Irtamylene CfcHgo (Bauer, l.c. ; Gasselin, 
l.c.) ; and tetramylene CgoH^o (Bauer, l.c,). Also 
derivatives of diamylene (Schindelmelster, Chem. 
Zentr. 1806, ii. 354). 

AMYLOCARBOL. • Trade name for a dis- 
infectant, said to consist of carbolic aoid 0 parts, 
amyl alcohol 160 parts, green soap 160 parts, 
water 600 parts. 

AMYLOCOGULASE v. Enzymes, art. Fks- 

MBKTATION. 

AMYLOFORM. An antiseptic prepared by 
the action of formic aldehyde upon starch 
(Claassen, Pharm. Zeit. 41, 625) (v. Symtbetio 

DRUGS). 

AMYRIN V . Oleo-bbsiks. 

ANACAHUITA. A wood of unknown botani- 
cal origin imported from Mexico ; its piepara- 
tioos are said to be useful in pulmonary disorom. 
The wood contains a volatile oD, an iron-greening 
tannin, gallio acid, a yellowish resin, sugar, a 
tasteleM volatile body oiystaUislng in warty 
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masses, and a bitter sobstance orystallising in 
white needles (J. 18bl, 771). 

ANACARDIUH NUT (Cashew Nut, Kajoo) 
is the fruit of Anacardium occidentak (Linn.), a 
tree indigenous to Brazil, Central America, and 
the West Indies. It has been transplanted to, 
and become naturalised in, many parts of India. 
The fruit rests on a fleshy edible peduncle, from 
which a spirit is distilled in Mozambique and in 
Western India. The nut is edible after it has 
been roasted to cx^l the cardol which it con- 
tains ; the cardol thus obtained is used at Goa 
for tarring boats, and as a preservative of wood- 
work (Dymock, Pharm. J. [3] 7, 730). In 
addition to cardol, the nuts contain anacardic 
acid, and an oily matter which, by exposure to 
the air on linen, gives a brown stain, which is 
very permanent, but does not become black. 
It has been recommended as a marking ink, 
and 18 used for giving a black colour to candles 
(Bottger, Dingl. poly. J. 206, 490). From the 
stem of the plant a gum exudes which is said 
to be used by book- binders in South America. 

The kernels contain 47 ‘2 p.c. of a fatty oil, 
having the following characteristics : — Saponifi- 
cation value, 187 : iodine value, 77-83*6 ; 
refraction in Zeiss’ butyro-refractometer at 25^, 
68‘l-58*8 (Theopold, Pharm. Zeit. 1009, 1057). 

ANACARDIUM ORIENTALE (the ‘ marking 
nut tree ’) grows in the hotter parts of India, 
the West Indies, and in Northern Australia. 
It is now termed Srmerarpus anacardium. 
As met with in commerce the nut is a 
black oval substance, from wliich, when cut, a 
black viscid juice exudes. This produces a 
light brown stain on linen, but gradually darkens 
on exposure to the air, and then resists the action 
of acids, alkalis, and chlorine. The native 
method of preparing marking ink, is to exjpress 
the juice from the unripe fruit and to mix it 
with quicklime. The aried juice is also used 
in the preparation of a black varnish. 

Kindt (Dingl. polv. J. 1859, 166, 168) pre- 
pared a marking ink from the nut by extracting 
it with a mixture of alcohol and ether, and 
evaporating the extract. This ink produced 
characters which, when moistened with a lime 
water or alkali solution, became black, and 
were then not completely removed when boiled 
with hydrochloric acid and potassium chlorate. 

C. A. M. 

- ANiflBSTHETICS* There are two principal 
types of anaesthesia, or loss of sensation sufiicient 
to allow of surgical operations without pain. 
In gcn&foX anaesthesia, total or partial insensibility 
and loss of muscular power are produced by the 
action of drug* on the brain, carried there in 
the circulation; extensive operations on any 
part of the body can then be done. In regional 
anaesthesfh, insensibility to pain, with or without 
muscular paralysis, is produced by the auction 
of anaesthetic drugs on the part where operation 
is contemplated. Regional anaesthesia can be 
produced (a) bv the infiltration of the actual 
tissues to be lacerated with some substance 
which paralyses the endings of the nerves that 
convey paimul sensations; (6) by a similar 
infiltration of the large or small nerve trunks 
supplying the field operation; (c) the 
injection into the spinal theca in the vertebral 
canal of a substance which paralyses the nerves. 


both sensory and motor, at their entrances into 
or exits from the spinal cord ; (a) and (6) are 
usually classified toother as local auKsthesia, 
while (c) is spoken of as apttiai anflesthesia, 
which resembles general anaesthesia inasmuch 
as it causes loss of sensation and muscular 
power together over a wide region, and local 
anoDsthosia in that consciousness is not lost and 
the anaesthetic is not diffused in the circulation. 

Local anSBsthetics. Very little is known of 
the action of those on the tissues with which 
they come in contact. They are all protoplasmic 
poisons which have a special preferential action 
upon nervous structures. Those in common use 
are : cocaine (methyl - benzoyl - eegonine : 

Ci 7 HgiN 04 ) ; stovaine (hydrochloride of ethyl- 
dimethyl - amino - propinol benzoate) ; novocain 
(p-amido-benzoyl-diothyl-amino-ethenol - hydro- 
chloride) ; tropacocaine (benzoyl- pseudo-trope- 
ine-hydrochloride) ; /9-eucaino ( benzoyl -vinyl- 
diacetono-alkamine) ; fl-eucaine lactate ; alypin 
(hydrochloride of benzoyl-tetramethyl-diamino- 
cthyl-dimethyl-carbinol) ; quinine and urea 
hyorochloride ; nirvanine (hydrochloride of 
diethyl - glycoll - p - amido - orthohydrobenzoic - 
methyl-ester) ; holocaino (hydrochloride of p- 
diethoxycthenyl-diphenyl-amidine) ; acoine (di- 
p-anisyl-mono-phcnethyl-guanidine hydrochlo- 
ride) ; orthoform (methyl-p-amino-meta-oxy- 
benzoate) ; anecsthone or ansesthesin (ethyl ester 
of p-aminobenzoio acid); apothesino (cinnamic 
ester ot 7 -diethyl-amino-alcohol hydrochloride). ‘ 

Braun has formulated postulates for apprais- 
ing local anaesthetics. Omitting one whicu has 
not secured general assent, they are : 

(1) Low toxicity in proportion to local 
anaesthetising power. 

(2) Solubility in water to 2 p.c. at least ; and 
stability of the solution, which should keep 
without deteriorating and be capable of sterilisa- 
tion by boiling. 

(3) Non-irritability to the tissues, and 
freedom from after-effects when absorbed into 
the circulation. 

(4) Compatibility with suprarenal extract. 

Acoine, holocaine hydrochloride, ansssthe- 

sine, and orthoform are more or less insoluble. 
Cocaine and eucaine are not soluble in water ; 
but their salts, and tlie other drugs in the above 
list, are freely soluble and will keep without 
deteriorating. Cocaine solutions cannot bo 
boiled, but stovaine, novocain, fi-euoaine lactate, 
tropacocaine, alypin, and nirvanine can be thus 
sterilised, at llfi'^if necessary. 

The most powerful ansesthetic action is that 
of stovaine. Next are cocaine, novocain, 
tropacocaine, alypin, and ^-eucaine lactate, 
which are all about ^ual. The others have 
inferior actions in ttus respect. Experiments 
on mice and rabbits have resulted in the following 
table of relative toxicity, cocaine being taken as 
the unit * : — 

Alypin, 1 '25 Stovaine, 0*625 

Cocaine, 1*00 Novocain, 0*490 

Nirvanine, 0*7 14 i8-eucaine lactate, 0*414 

The irritant action of stovaine, tropacocaine, 
and iS-eucaine lactate is greater than that of 
cocaine; that of novocain m less. All these five 
are compatible with suprarenal extract if the 

* Sir F. W. Hewitt and Dr. Henry Bobiason's 
AiUMthstlos sad their Admlnletratlon, 6ta edit. 

* Le Btooa, Pharm. J. lUOO. 674. 
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flolutioni are freeh mixed for each case. Thej 
are extensively employed; but novocain is 
evidently the best yet discovered for routine 
use. 

Local anesthetics are used dissolved in 
water or in normal saline solution. It is not 
essential that they should be injected subcutane- 
ously : where the surface tissues are delicate, as 
on the eye, larynx, tongue, tonsils, simple 
contact with a local aneesthotic in solution or in 
^no powder will destroy sensation sufficiently 
for many surgical pioccdures. But elsewhere 
the solution is injected with a hypodermic 
syringe into the tissues which are to be rendered 
an {esthetic. If suprarenal extract be mixed 
with the anffisthetio solution, contraction of all 
the minute blood-vessels in the locality takes 
place. Thus the drug is retained longer in the 
tissues about the site of injection, instead of 
being rapidly dissipated in the lymph -stream. 
Consequently a more intense and lasting, because 
more strictly local, action occurs. The presence 
of 0*4 p.c. of potassium sulphate aUo mtcnBifies 
the action of some local an.i sthctics, especially 
of novocain. 

Local anasthesia can also bo obtaincil by 
freezing the superficial tissues. A fine jet of 
other or ethyl chloride is directed on to the 
desired portion of the skin, and when the latter 
is fro'zcn a cut can bo made, as for a whitlow, 
boil, or other small abscess, without causing 
pain. 

Spinal anaesthetics. Some of the same drugs 
whion cause local anu stlicsia are available for 
injection into the ccrobro-spinal fluid with which 
tho spinal cord is surrounded in the vcrtcbial 
canal. Stovaine is most used in Britain, but 
novocain and tropacocaino also are pouular in 
Kuropo. Tho method was introduced Iby Bier 
in Corniany in 1809, and since 1007 has been 
very cxtonsively tried all over tho world. The 
balance of opinion is that for ordinary cases 
spinal anaesthesia is too dangerous to replace 
general ann sthesia ; but that for certain coses 
whore tho latter entails especial risks, it is of 
undoubted utility. Barker ^ and McGavin,^ 
who are tho most prominent advocates of spinal 
anaesthesia in England, use a solution of stovaine 
in 6 p.o. glucose. ( )f late years solutions which 
are as light as tho corcbro-spinal fluid gr. I'OOO 
to 1*007) hove been extensively used, in place of 
the heavy gluooso solutions. Many anu sthetists 
use morpnine with or without scopolamine 
(hyoscine) as a preliminary, injected hypodermi- 
cally. 

General anaBsthetios. There are many sub- 
stances which diminish or abolish tho perception 
of pain ; but only a few of these are troely used 
as general anustbetics. The conditions which 
must be fulfilled to obtain admission to the list 
are • ; 

(1) To produce absoluto insensibility to pain 
without causing any great discomfort during 
induction. 

(2) To produce loss of all voluntary and many 
reflex movements. 

(3) To be capable of being readily introduced 

' Biltlah Moiilcal Journal, 19t>8, ii 463 (and other 
papers). 

* Journal, March, 1014. 

^ B. W. Collum, The Practice of Annsihetlcs. 1000. 


into the system, and rapidly elifninated, after 
tho completion of the operation, without injury 
to the patient. 

(4) To act in a regular and constant way, so 
that the effects can be controlled by the adminis- 
trator. 

The general anasthetics in use in Great 
Britain are four in number : nitrous oxide, eth>l 
chloride, ether, chloroform. Ethyl bromide, 
ethidene dichloride (dichlorethane), bichloride 
of methylene, and amylene (pental) are obsolete. 
Hedonal (methyi-propyl-carbinol- urethane) and 
urethane itself have also been used as general 
anasthetics, by direct injection in solution in 
normal saline into the blood stream.^ In 
America and on the Continent anassthol, somno- 
form, and narcotile are also eoi[)loyod. Ansssthol 
is a mixture of chloroform, otliov, and ethyl 
cliloride, in molecular proportions ; somnoform 
is ethyl chloride 60 parts, methyl chloride 
.35 parts, ethyl bromide 5 parts ; narcotile has 
been stated to bo a compound, but analysis has 
shown it to be a mixture of methyl chloride, 
ethyl chloride, and ether. Mixtures of ether 
and chloroform in various proportions arc in 
common use everywhere. Morphine, chloral, 
cannabis indica, and many other drugs have 
analgesic and ansssthetic properties ; some of 
them, morphine especially, are used to assist 
the action of the volatile aneesthetics. 

The effeots of a general ansesthotic are pio- 
duced by the circulation in the blood of the 
drug employed. When it reaches the brain the 
phenomena of aiimsthosia are exhibited : at first 
slightly, then with increasing doses more and 
more intensely, until with a suOiciont quantity 
death results Tho phenomena of gotuTal 
anesthesia arc the same whether ab.'-orfition 
takes place through the lun^s, rectum, skin, 
blood stream, or gastro- intestinal tract. Thus 
alcohol has a marked anusthetio effect, familiar 
in the indifference of a drunken man to injury. 

'rho easiest way of introducing into the blood 
any substance which is a gas or a volatile liquid 
is by moans of the lungs. The blood thus 
charged with an aniosthetio is rapidly delivered 
to the nervous centres, in which the essential 
ohangos of general amesthesia take place, llie 
absorption of vapours in tho lungs varies with 
numerous factors : barometric pressure, tem- 
perature of the vaiK>ur and of the blood, rate of 
respiration, and rate of blood-flow through the 
pulmonary system. But the process is also 
something more than simple solution by diffusion 
of gases through a thin membrane ; there is at 
least an element which depends on the fact that 
the tissues concerned are living. 

Tho lungs are also the oniqjf, but not the 
only, medium for the elimination of inhaled 
ansesthetios. These are but little decomposed 
during their tour of the circulation/ ana the 
greater part is discharged unchanged after the 
administration is suspended. What change 
they undergo in the blood is very uncertain. 
Chloroform, w'hich has hitherto received more 
attention in this respect than tho others, is 
recoverable from the blood in fatal cases of 
chloroform anmsthesia, but It is believed that 
most of it circulates in the red corpuscles of the 
blood in combination with the lecithin and 

1 Lancet Marc.^ 2S, 1912; and Brit. Med. Joiir« 
June 16. 1912. 
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ohdettefin which they contain.' QlTcnionio 
acid not oncommonly appem in the nihia after 
chloroform anaetheda. Nitrogen and aulphnr 
are also excreted in the nrine in greater quantity, 
indicating a greater destruction of proteid ; and 
the increase, of chlorides is held to show that 
some chloroform is decomposed in the body. 
The affinity of cholestorin and lecithin for chloro* 
form, chloral, ether, sulphonal, tetronal, trional, 
and chloralamide has been suggrated as the 
explanation for the sdective action of these 
narcotics on the central nervous system, which 
contains a larger proportion of cholesterin and 
lecithin than do the other organs. With regard 
to ether, Turnbull states that etherisation 
produces a mat ked diminution of the hemoglobin 
of the blood * ; and Rcicher finds three times 
the normal au intity of fat present in the blood, 
together with an increased amount of acetone, 
due to the disintegration of fat and albuminoid 
bodies. ^ The chemical composition of the blood 
is often much modified during aniesthesia, be- 
cause the air supply to the lungs is frequently 
curtailed to a neater or loss extent, and the 
elimination of C0| hindered. The proportions 
of O and CO| in the circulating blood may thus 
be altered at the expense of the former, and an 
aspbyxial element added to the narcotic effect 
of the ansBsthetic. Some authorities believe 
that deprivation of oxygen is the method by 
which all anaosthotics produce their action on 
the nervous tissues. 

The chemical changes which may be assumed 
to take place in the brain during anaesthesia are 
unknown, as indeed are those of natural sloei) 
It has b^n suggested that unstable compounds 
are formed between the anaesthetio and the 
protoplasm of the nerve colls, and some ob- 
servers describe changes recomisable micro- 
scopically in those cells as a result of anaesthesia. 
Professor Hans Meyer holds that there is a loose 
physico-chemical combination with the lipoids of 
the cell. This causes inhibition of the normal 
metabolism until the loose reversible combina- 
tion breaks up. A rare sequel of chloroform 
anaesthesia is known as delayed chloroform 
poisoning. The symptoms of this condition, 
which is sometimes fatal, arise about eighteen 
to seventy-two hours after the anaesthesia. They 
are attributed to * acidosis,' that is to diminished 
alkalinity of the blood due to the presence of 
acetone and aoeto-acetic acid, which can be 
detected in the nrine and the breath. For the 
developed condition sodium bicarbonate in large 
doses IS employed ; as a preventive measure 
feeding on glucose for a ^y or two before 
operation is round to answer best. Very rarely 
indeed this acidosis has followed the adminis- 
tration of ether.’ 

NUtoub wide (Laughing gas). — ^The inhala- 
tion of from three or four to twenty or thirty 
gallons of this gas without any air produoes 
anesthesia. If uie administration is tnen sus- 
pended, insensibility lasts on an average about 
thirty to forty-five seconds, during which time 
minor operations snob as the extraction of teeth 
can be undertaken. A marked a.sphyxial ele- 
ment is nearly always present, owing to the 

> Hale White. Materia Medlca, llth ed. 1900. 280. 

* Laurence Turnbull, Artificial Anaestheila, 228. 

* Relcher, Lancet, Jan 26, lO'lS. 268. 


re^oement of oxygen by N|0 Tl air be 
adinitted for brief periods between successive 
doses of gas, anflosthesia can be maintained 
without great difficulty for several minutes. By 
delivering nitrous oxide mixed with pure oxvgen 
for inhalation, ansrathesia can be prolonged for 
any desired period. The proportions of Uie two 
gases are varied to meet the requirements of 
individual oases, but roughlv the mixture must 
contain about 80 p.o. by volume of N|0. This 
method is well suited for opmtions on the 
limbs, but for abdominal operations it is diffioolt 
to get the complete muscular relaxation neoea- 
sary. Nitrous oxide gas is the safest known 
general anajsthetio, and recovery takes place 
very rapidly (two or three minutes) wiwout 
unpleasant after-effects. Nitrous oxide for 
ansesthetio purposes should bo entirelv free 
hrom other oxides of nitrogen, and from chlorine j 
small quantities of H,0, 0, and N are usually 
present as impurities, and are of no moment. 

Ethyl chloridt . — ^Tho vapour of 3 to 6 o.o. of 
this substance allowed to volatilise in a closed 
chamber, such as a rubber bag, into which an 
adult patient exspires and from which ho inspires, 
produces amvsthosia very rapidly. If adminis- 
tration is then suspended, insensibility lasts 
from one to two minutes. By administering a 
further dose before recovery takes place from 
the first one, aniesthesia can be prolonged ; it 
is preferable, however, to give ether or chloro- 
form or nitrous oxide ana oxygen if a longer 
anaesthesia is required. The after-effects of ethyl 
chloride are intermediate between those of 
nitrous oxide and those of ether and chloroform. 
Ethyl chloride given by an expert is safer than 
either of the latter, but not so safe as nitrous 
oxide. No impurities can be tolerated in ethyl 
chloride for use as a general anessthetio ; there 
is qp difficulty in securing complete purity. 

Ether . — ^About 30 p.o. of air and 70 p.c. of 
ethereal vapour will produce and maintain 
general anapsthesia. The vapour is so intensely 
mitating to the mucous membrane which lines 
the mouth, nose, and air-passages, that it must 
first be offered very dilute, and then in a 
gradually increasing percentage. Limitation of 
air supply renders it possible to procure anses- 
thesia with a much smaller quantity of ether 
than when fresh air is freely admitted, for a 
slight concurrent asphyxia helps the action of 
the ether. Such asphyxiation has disadvantages 
of its own if allowed to exceed a very moderate 
degree ; it is usually present during anoesthesia 
under ether by the * closed * methods. There is 
slightly more difficult in produc^ ansesthesia 
by the 'open' method, in wbion air enters 
freely ; the preliminary injection of small doses 
of morphine (i to } grain^ with atropine (|{l(j 
to grain) is often practised. Ether is moon 
less dangerous to life than chloroform in the 
operating room ; but part of this advantage is 
counterbalanced by the occasional development 
of bronchitis and broncho-pneumonia afterwards. 
Ether for anj>sthetio purposes should have a 
sp.gr. between 0*720 and 0*722. Provided 
impurities have been removed, it is of no signi- 
ficance whether rectified spirit* or methylated 
spirit is used in the manufacture. 

Chloroform , — ^Much research has been carried 
out to determine the percentage of ohloroform 
necessary to produce anesthesia by inhalation. 
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Vemon Haroourt introduced eaily this century 
a ohlorofonn inhaler cabbie ol r^nlatina this 
proportion up to 2 p.o. 'Experience showed that 
m occasional oases it is very difficult or impos- 
sible to induce anicsthesia with this amount, and 
a modification of the instrument allows air to bo 
inspired containing 3 p.c. In practically every 
case anaesthesia, when fully established, can bio 
maintained with a 2 p.c. vapour. Aloock, who 
has investigated the dosage of chloroform very 
carefully, finds ' that for an ordinary adult it 
suffices to offer a percent^e rising gradually 
to 2} in three minutes ; this as a rule produce.s 
complete surgical anasthesia in eight or ten 
minutes. If a higher proportion is necessary, 
3 p.c. may be allowed at the end of five minutes. 
He finds that within a few minutes after in- 
duction is complete 1*5 p.c., and after half an 
hour 1 p.c., will usually be enough. Several 
physiologists have estimated the amount of 
chloroform in the circulating blood during 
anaesthesia : their results vary from 0*036 to 
0*07 p.c. Chloroform is the least safe of these 
four anasthetics, esjpecially in the hands of 
those whose experienco as aniisthetists is 
small. Chloroform for ana'sthetic purposes w 
found to keep better if it contains 0*2 to 0*6 p.o. 
of alcohol or of ctliyl chloride. No other 
impurities arc tolerable. It is also less liable to 
decomposition if kept in the dark. There are 
three commercial processes of manufacture, based 
respectively upon rectified spirit, methylated 
spirit, and ocotone ; there is no difference be- 
tween the actions of the resulting chloroforms, 
provided th^ are duly purified. H. H. 

AN/ESTHESINE. Trade name for ethyl 

p-amino-benzoate NH,<^ NcOOCjH#. 

ANAGYRINE w, Cv'naiNK. 

ANALUTOS or KALMOPYRIN. Trade names 
for ealoium acetyl salicylate. 

ANALGESINE, Identioal with antipyrinc 
(g.v.). 

Analysis. Chemical analysis is the separa- 
tion of a complex material into simpler con- 
stituents. It is ultimate when these component 
parts are elementary forms of matter, and 
•proximate when the subdivision consists only 
in the separation of the original substance 
into loss complicated compounds. The aim of 
chemical analysis is twofold : tho first object 
is to ascertain the nature of tho compo- 
nents of a mixture or complex substance; 
the second is to determine the proportions in 
which these constituents are present. All 
analytical operations may therefore be classified 
under the tuo main categories of qualitative and 
quantiUUive analysis, according as to whether 
these processes lead to the identification of the 
proximate or ultimate constituents of a complex 
substance, or to the determination of the relative 
proportions in which these constituents are 
present. 

This article is written primarily from the 
technical point of view, and accordingly the 
descriptions given in tho qualitative section are 
restricted mainly to those elements which find 
application in the arts and industries. SimL 
larly, the estimations and separations outlined 

' N H. Aloook. British Me<llcsl Journal, Feb. 6, 
1900 . 326 . 


in the quantitative section are ohiefly thoee 
lequired in tho analysis of technically important 
materials. 

Tho systematic investigation of the individiial 
elements and their typical compounds has 
revealed the existence of many characteristic 
reactions which are exhibited by certain elements 
and compounds under widely varying conditions 
of combination or association. This circum- 
stance leads to a simplification which is utilised 
extensively in both qualitative and quantitative 
analysis. In qualitative work, such charac- 
teristic reactions as are not generally interfered 
with by other substances enable the analyst to 
detect the presence of certain elementary or 
compound substances without undertaking the 
more laborious processes involved in isolating 
these constituents from the other ingredients of 
a mixture. 

In quantitative analysis two essentially 
different methods of procedure are em- 
ployed, the more fundamental one being gravid 
oneiric analysis, in which the elementary or 
complex constituent of a mixture is isoLited 
and weighed in the form of a definite compound. 
By utilising quantitatively tho above-mentioned 
distinctive reactions it is frequently possible to 
adopt the second procedure known "as volumetric 
analysis, in which the relative amount of a certain 
constituent is estimated in the presence of other 
elements and compounds associated with this 
constituent in the mixture under examination. 

For the purposes of scientifio investigation 
the most accurate methods are essential, and 
these are, in the main, gravimotrio in cha- 
racter ; but for technical requirements extreme 
accuracy is rarely required, and rapid methods 

D approximately correct results are pre- 
to more exact processes involving a 
longer time for their execution. It is in this 
direction that volumetric analysis has been most 
extensively developed, the general tendency in 
iii(1u.strial laboratories being to replace gravi- 
metric methods by quicker volumetric prooessos 
with very little loss in accuracy, provided 
that certain essential conditions be fulmled. 

General Operations. 

Sampling . — It is of the highest importance 
that the sample under examination should be 
truly representative of the bulk of the substance. 
Discrepancies between the results of different 
analysts are usually attributed to faulty 
methods or inaccurate work, but in many cases 
they are really due to imperfect sampling. If 
the substance is a liquid, the contents of the 
vessel should be thoroughly mixed before the 
sample is withdrawn. If the substance ia con- 
taincil in several vessehi, a proportional quantity 
should be taken from each, the different portions 
mixed together, and the final sample taken from 
the mixture. 

In tho case of solid products oare must be 
taken to secure a proper proportion of large and 
small, hard and soft fragments. If a ship’s 
cargo is to be sampled, portions should be 
taken from different jj^rts of the bulk ; if the 
substance is contained in railway trucks, lo- 
tions should be taken from the ends and middle 
of each truck. When the substance is in bags 
or barr^Ls, a long hollow au^r is thrust to the 
bottom of each and then withdrawn, bringing 
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with it s lon^ core of tho Bubstance. If the 
material loses or gams moisture, or unclergooa 
any other change on exposure to air, as m the 
case of soap or caustic soda, a proper proportion 
of the internal and external portions must !>o 
taken. In all cases the first samples are broken 
into small pieces, thoroughly mixed, and one* 
fourth taken for further treatment. 'J'his is 
ground to powder, a;ain thoroughly mixed, and 
one-fourtli taken. The subdivision is repeated, 
if necessary, and the final sample kejit in t\ ell- 
closed bottles. This process of * quarU'ring * 
may also bo effected by spreading out the finely 
powdered material in the form of a dattenod 
cylinder dividing this radial! v into four parts, 
taking out the opposite .sectors, 1111 x 1111 ; those 
thoroughly, and repeating the sulidi vision. 

If the mixture is soft and friable, pulverisa- 
tion is readily effected in a porcelain or earthen- 
ware mortar, but harder substances should be 
|)Owdered in a cast-iron or steel 
mortar. When the substance is 
bard, and a very fine ])<)\\der is 
required, an agate mortar ‘*ln)uld 
be used for the iinal operation, so 
that the poAvder may be completely 
sifted through fine muslin. Very 
hard substances, such a.s mincrabs, 
arc first broken into small iiicoes 
by wrapping them in paper and 
striking with a hammer, and are 
then further crushed in a steel 
mortar ( Fig. 1) consisting of a strong 
liasc with a circular recess into which 
iits a movable steel ring or guard, 
and inside this is a solid steel ^ 
piston which acts as a pestle. A 
small quantity of the mineral is placed on the 
base of the mortar in.side the guard-ring, the 
latter is held firmly down, and the piston is 
placed inside and struck smartly with a nammer, 
which drives it down upon the mineral. The 
final crushing is dono'in an agate mortar. 

The mechanical ore-grinder described in 
Ilillebrand’s Analysis of Silicate and Carbonate 
Rocks, may likewise be employed in reducing 
hard minerals to a fine powder. 

Drying . — Many substances absorb more or 
less moisture when exposed to the air, and in 
order to bring them into a definite condition for 
analysis, it is desirable that they should be dried, 
this operation being conducted at the ordinary 
or at a higher temperature according to circum- 
stances. Substances which contain water in 
combination are usually dried by exposure to air 
or by pressure between folds of filter paper. In 
other cases ivhere a higher temperature would 
be injurious the substance may bo placed under 
a bell-jar which also incloses a dish containing 
sulphuric acid. The operation proceeds more 
quickly if the bell-jar is connected with an air- 
pump and thus rendered vacuous. 

Substances which do not docomxioso at 100® 
are best dric<l in a copper oven provided with a 
lacket containing water which is heated to 
boiling, the water-level being kept constant by 
means of an overflow a and feeding arrangement 
at the side. The inside of the oven is fitted 
with a perforated shelf which supports dishes, 
funnels, Ao. (Fig. 2). 

When the sub‘<tancc is sufficiently stable it 
is advisable to <lrv at 1 15®-120®, since an increase 


of 10° or 20° often greatly reduces the time re 
quired For this purpose we ust^ a copper oven 



without n jacket, hcal(‘d by a lamp underneath : 
or toluene, boiling at 110°, nmy lx* u‘<eil nistiMti 
of water in the ovoii with a jacket, cimle 
xylene will give a higher temporatnn* 

Inside the oven at a little distance fioiii ilir 
bottom is a shelf which supports the vessel 
containing the substance. At the top of the 
oven are two apertures, one of which serves, 
to promote' n current of air through the ovon, 
whilst the other carries a thermometer the bulb 
of which is ciose beside the vessel which is being 
heated (r/. Hunlly and Ooste, J. Hoc. ('hem. 
Ind. 1913, 32, (;2).‘ 

If it IS desired to keep the temjicrature con- 
stant for a long time, the ovon must bo provided 
with a thermorcgulator (v. TnBRMOBEQULATOKS). 

Weighing , — The balance and the precautions 
to be observed in weighing form the subject of a 
special article [v. Balance). As a rule, sub- 
stances taken for analysis should be weighed 
from tubes provitlod with well- fitting stoppers or 
corks, or from w'cighing bottles fitted with glass 
capsule stoppers, the difference between the 
weight of the tube or bottle before and after 
the removal of the substance giving the weight 
taken for analysis. The quantity required for 
an analysis will depend upon circumstances. 
When constituents present in minute quantity 
have to bo ostimatod, a relatively large amount 
of the substance is required, but for the estima- 
tion of one or two constituents from 1 to 2 grams 
of the substance is usually sufficient. The 
smaller the quantity of matter operated upon, 
the shorter the time required for filtration, 
washing, Ac., but also the greater the demands 
on the skill and accuracy of the operator. 

Hygroscopic substances and precipitates must 
be kept under a desiccator (^.v.), t.e. a gloss dish 
containing sulphuric acid or calcium chloride, 
fitted with a tray to supiiort a crucible, &c., aiul 
provided with an air-tight glass cover, preferably 
uell-shafiod. Crucibles containing non-hygro- 
scopic precipitates may l>e allowed to cool with 
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exfiOttiM to air, provided that the empty crucibles 
wore allowed to cool under the fame conditions 
iiofore weighins. 

Sduiion . — ^The solution of a substance in 
most conveniently effected in flasks or in somc- 
whnt <leep fienkers uliirii iin* inclined at an 
jn or<l< r t(» f-f' \ < ril po ill' bv spurt* 
III)/ '1 in- (;fM r.itioM r/i.iv b< tu< ( li lated oy neat, 
and the reagent should bo u.sod in the most 
concentrated form po.ssibl6 and in the least pos- 
sible excess, in order to avokl loss of time in 
evaporation, &c. Evaporation to expel excess 
of solvent should, where possible, be conducted 
in the same vessel. 

I'h'fiporalion. — I’he evajiorution of a liquid 
III ly be effected over nn ordinary biinscn flame, 
o[ ov( r a rose Iniiiier, (‘.ire being taken that the 
liquid (l«je-( not boil If tin* operation is con- 
(l(i( t(‘(l 111 a fliitk or crucible, the latter should be 
ine]in(*d in order to prevent loss by ebullition, 
anrl the operation is accelerated in the first case 
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bv drauiiiff a current of air through the flask, in 
iln second by inclining the lid of the crucible 
(l<'ig. 3) across the mouth of the vessel and thus 
producing a oiroiilation. The rate of evapora- 
tion, ccBfcrw paribus, dcjiends on the area of 
surface exposed, and hence the operation i.** 
cflfecteii most quickly in shallow dishes, especially 
if a current of air removes the vapour as fast 
as it is given off. During the prooess the 
contents of the dish should be protected from 
dust, &o., and this is really done by supporting 
at a distance of about six inches above the 
surface of the di.sh a triangle of glass rod or 
tubing on winch h ‘stretched a «*hoot of iiltor 
]mper freed from snluMc cniiijumnds b\ treat- 
ment with acid Will'll cviipora-tioii o\oi a 
direct ll line h impracticable, the dishes, &c., 
should 1)0 placed on a miier-haih, that is, a 
cont'uning boiling water, in smh a way 
(h it lin'v me bcatnl by the steam The lof» ol 
the water dr\im^-o\on alnvidy dosciibed (FifS* 2) 
may be pro\ idi d w il h a i .< - of rings of various 


sizes and thus serves two purposes. Ordinary 
tin cans or copper vessels of similar shape will 
answer, but in all cases it is dcsiraiile to have 
an arrangement for keeping the water at a con - 
ft ant level. 

Precipitation is conducted in beakers, dishes, 
or conical flasks, but not in ordinary round 
flasks because of the difficulty of removing the 
precipitate. Glaas vessels, especially when new, 
are appreciably attacked and dissolved by water, 
and still more strongly by alkaline solutions, 
the action increasing with the concentration of 
the solution and the duration of contact. For 
quantitative work Jena glass vessels should be 
used, as these arc least affected by alkalis. 
Acid liquids, with the exception of dilute sul- 
phuric acid, have less solvent action. Porcelain 
vessnh, especially after they have been used for 
a short time, are not appreciably attacked 
( Fre»»oniu8*8 Quant. Annl.). All precipitations 
involving long heating with alkaline liquids 
should TO conducted in jHircclain vessels or in 
platinum, silver, or nickel dishes. Silica-ware 
vessels can be used with all acid liquids except- 
ing those evolving hydrogen fluoride (Zeitsch. 
anorg. Chem. 1905, 44, 221^. 

Unless circumstances forbid, the liquid and 
the reagent should be heated to boiling and 
mixed mdually with continual agitation, since 
under tnese conditions precipitation as a rule is 
more rapid and complete, and the precipitate 
is obtained in a d^nse and granular form and' 
is readily separated and washed. Usually filtra- 
tion may bo commenced as soon as the super- 
natant liquid is clear, or at any rate after two 
or three hours. An unnecessary excess of reagent 
should always be avoided, but in all oases com- 
plete precipitation should be proved by adding 
a small quantity of the reagent to the clear 
liquid. 

FxUration — The separation of a precipitate 
from^ a liquid is usually effected by means of a 
spooially prepared variety of blotting pap.*r, 
known ai filter paper. The Sw'edisb paper 
made by J. Munktell has the oldest reputation, 
but that known as Whatman paper, made by 
W. & R. Ralston^ Ltil , is ol exc.dleiit quality, 
and for many purposes ainwo.-H better The 
latter firm supply paper wdiich bas been treated 
with hydrochloric and hydrofiuor.c acids, and thus 
freed from almost all inoiganio matter. It is de- 
siratdc that ail pajiGr used in quantitative w'ork 
should be free from soluble compounds, and this 
end is secured by soaking the ordinary filter 
paper for three or four hours in pure hydro- 
chloric acid diluted with 15-20 times its volume 
of water, and then washing thoroughly to remove 
all traces of acid and soluble salts. ‘'Fhe paper 
is coiiM'nicntK kept in circular pieces of known 
radii ^2, 4, r>, 8 cm.), and the ash loft by each 

.size should be determined once for all by in- 
cinerating six filters of one of the medium sizes 
in the manner described under the treatment of 
fin'cipitates, and weighing the ash which is left. 
Tbis quantity divided by six gives the average 
amount of ash left by one filter of that size, and 
the amount left by the other sizes is readily 
calculated, the quantity of ash being propor- 
tional to the area of the* paper. 

Usually the filter paper is supported in a 
glass funnel which slionid have smooth even 
sides and an angle of 60*. The stem ^hollld be 
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aomewbat and not too wide, with the lower 
end cut obliquely. A circular lilter ia folde(I|^n 
half, then in a quadrant^ and when the quadrant 
is opened at one side it forms a hollow cone 
which should fit accurately into the fqonel. 
The edge of the filter paper should be about 
10 mm. below the edm of the funnel, and the 
size of the filter shoiud be such that it is not 
more than three quarters filled by the preci- 
pitate. After placing the filter in position it is 
moistened with water, and fitted accurately to 
the glass, care being taken to remove all air 
bubmes from between the glass and the paper. 
Attention to these points greatly facilitate the 
subsequent filtration. The edge of the vessel 
containing the liquid to be filtered ia slightly 
greased outside, and the liquid is directed into 
the filter by' means of a glass rod, care being 
taken not to disturb the precipitate until most 
of the clear liquid has passea through. It ia 
advisable to keep the filter well filled with the 
liquid, but the latter must not rise higher than 
10 mm. below the top of the paper. 

In order to accelerate filtration a glass tube 
about 3-4 mm. in diameter and not less than 
20 cm. long, bent into a loop near its upper end, 
may be attached to the stem of the tunnel by 
means of indiarubber tube. 

Greater rapidity of filtration is obtained by 
using one of the numerous water pumps (t^. 
Filter pump). In this case the liquid is filters 
into a flask with stout walls, preferably of the 
conical form. The stem of the funnel passes 
through a cork w'liioh fits in the neck of the 
flask and also carries a tube connected with the 
pump, or the flask may be provided with a side 
tube for this latter purpose. When it is required 
to filter into a dish or beaker, the latter is placed 
under a tubulated belbjar standing on a glass 
late, the cork carrying the funnel, &o., ^ing 
tted into the tubulus of the bcll-jar. If the 
reduction of pressure is considerable, it becomes 
necessary to support the apex of the filter. In 
the case of filters of medium size the necessary 
toughness is obtained by dropping into the apex 
of tne dry filter, after it has been fitted into the 
funnel, two or three drops of the strongest 
nitric acid. After a minute or two the paper is 
washed and is ready for use. Bunsen’s onginal 
method is to support the apex of the filter by 
means of a cone of platinum 
foil, which is maae in the 
following way. A circular 
piece of thin platinum foil 
3-4 om. in diameter is out 
in the manner shown in the 
diagram (Fig. 4), softened 
by beating in a flame, and 
Fio. 4. placed against a small 

metal cone of CO*, so that 
the point a coinoides with the apex of the cone. 
The foil is then folded round the metal so that it 
also forms a small cone, which is finished by being 
pressed in a hollow conical mould into which 
the metal cone fits. It is then dropped into 
the funnel and the paper fitted in. The metal 
cones and moulds required can be purchased; 
Bunsen’s method of makinjg a cone and mould 
of plaster is described in Thorpe’s Quantitative 
Aiudysis. 

CSirmiohael has described a method of reverse 
filtration (Zeitsch. ahat Chem. 10, 83). 
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I Tiie Gooch oruoible (Ohem. News, 37, 181), 
which has a perforated bottom lined with a 
thin aabestos mat, has now become a reoomised 
means of ooUeoting precipitates. The asmtos 
makes an excellent filter, is not affected by 
ordinary acid and alkaline liquids, is rcadUy 
dried, and does not alter in wei^it when ignited. 
The quality of the asbestos is of prime import- 
ance, a non-ferruginous amphibole being pre- 
ferable to the cheaper hyarated varieties of 
semntine which are appreciably soluble in 
acids. Silky asbestos is soraped into a short 
fine doivn, boiled with hydrochloric acid, well 
washed, and kept in water. A platinum or silica 
crucible, preferably of the low wide form, with 
the bottom perforated with a largo number of 
minute holes, is fitted air-tight into an ordinary 
funnel by means of an indiarubber ring placed 
between the oruoible and the wall of the funnel, 
which is fitted into a filtering flask. The pump 
is set in action and water containing the asbestos 
in suspension is poured into the crumble. A layer 
of asbestos felt is ouickly formed, and when this 
is of sufficient thioKness it is drained, dried, and 
ignited over a lamp, and the crucible is then 
weighed. It is desirable to have a non-per- 
forated bottom to fit on the crucible during 
ignition, in order to protect the contents of the 
oruoible from the fiame gases. A Soxhlet tube, 
having a perforated porcelain or platinum disc 
covers with an asbestos layer and supported 
at the constricted part of the tube, is frequently 
used to collect precipitates. Neubauer recom- 
mends a perforated platinum oruoible with a 
felted platinum mat (Zeitsoh. anorg. Chem. 
1901, 022; e/. Araer. Chem. J. 1009, 31, 456). 
The weighed oruoible is replaced in the funnel, 
and filtration is conducted in the ordinary way, 
care being taken that the pump is set In action 
before any liquid is poured into the oruoible. 
Drying and igniting the precipitate occupies but 
little time. For gelatinous precipitates the 
crucible ma^ be replaced by a cone, the lower 
part of which is made of platinum gauze and 
the upper part of platinum foil. 

Gooch has proposed (P. Am. A. 1885, 300 ; 
Zeitsch. anal. Chem. 24, 583) in special oases to 
replace the asbestos by antbraconc, which after 
filtration can be dissolvod in benzene or other 
suitable solvent, leaving the precipitate undis- 
solved. 

Not unfrequently it is necessary to keep the 
contents of a funnel hot during filtration. This 
is effected by placing the funnel inside a copper 
jacket filled with water which is heated to Doll- 
ing by means of a side tube. A simpler plan ia 
to coil lead pipe round the funnel ana blow 
steam through the pipe (Richter, J. pr. Chem. (it) 
28, .309). 

Sometimes it is desirable to avoid contact 
with air during filtration. A convenient ap- 
ratus for this purpose has been described by 
obukow (Zeitsch. anaL Chem. 24, 395 ; J. Soo. 
Chem. Ind. 4, 756). 

All precipitates require to be washed in order 
to remove soluble impurities, the liquid em- 
ployed being water, dilute acid, dilute ammonia, 
alcohol, Ac., as the case may require. The 
objeot In all cases is to reduce the imparity to 
the desired minimum in the shortest possible 
time with the least expenditure of liquid, and it 
can readily be shown that successive treatments 
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with imall quantitiM of tho liquid an far mon 
effectual than the same volume of liquid i^pliod 
all at once (Bunsen, Annalen, 148, 269). when 
ever possible hot liouids should be used, and the 
precipitate should be washed so far as possible 
by decantation, only the washing liquid being 
poured on the filter. The soluble impurity 
collects round the top edge of the filter paper 
by reason of capillary action and evaporation, 
and hence, when washing is effected with the 
aid of an ordinary wash-bottle with a movable 
jet, it is important that the liquid should be 
directed on to the top edge of the filter. It is 
also important that each quantity of wash- 
water should be drained away as completely 
as possible before adding a fresh quantity, and 
it is obvious that this takes place most readily 
when a pump is used. In this case the liquid 
is poured into the funnel from an open vessel 
to a height of about 10 mm. above tho edges 
of the paper. Care must be taken that the 
precipitate is not drained so far that channels 
are formed. It is always advisable to ascertain 
whether the washing is complete by testing a 
few drops of the last wash- water. 

Drying and weighing precipitates. — Occa- 
sionally a precipitate must be dried without the 
application of heat, and this is accomplished in 
a aesiocator over sulphuric acid, preferably in a 
vacuum. In other iiistanoes the substance is 
not injured by a temperature of say 120^ but 
cannot bo ignited. In these oases the ^ter is 
carefully dried at the particular temperature, 
enclosed between a pair of watch-glasses, and 
weighed. It is then placed in the funnel and 
the operation proceeded with. After filtration 
the filter and the precipitate are thoroughly 
drie<l at the same temperature as before and 
again weighed, the increase being the weight of 
the precipitate. Tared filters can, however, bo 
generally replaced by Gooch crucibles, Sozhlet 
tubes, &o. The majority of the precipitates 
usually met with can, moreover, be dried by 
heating them in a crucible over a lamp. In 
most cases it is not necessary that the precipi- 
tates should previously bo ciried. The greater 
part of tho water is removed by draining in the 
funnel by means of the pump or by placing the 
filter ana its contents on a porous tile or on a 
pad of filter paper. The filter is then intro- 
duced into a crucible, heated cautiously until 
quite dry and then heated more strongly until 
tho weight is constant. 

Wlien the precipitate is not easily reduoible 
it is not necessary to remove the paper before 
ignition. The wet paper enclosing the precipi- 
tate is placed in a platinum crumble, and the 
latter heated with a full flame; the water 
[iresent assumes the spheroidal state and the 
paper smoulders away without spurting. If 
any slight reduction takes place, for example, 
with barium sulphate, it is easily remedied by 
adding a few drops of dilute sulpnurio acid and 
again heating. In the ease of magnesium pyro- 
phosphate strong nitrio aoid serves a similar 
purpose. If, however, the precipitate is readily 
reduced in contact with organic matter, it must 
be removed from the paper as oompletely as 
possible by gentle friction, and tran^erred to 
the cruciblo, which should stand on a sheet of 
glazed paper. A carefully trimmed feather or 
a oamel’s-hair brush is useful to transfer scattered 


particles from the paper to the omoible. The 
filter paper is then folded with the portion to 
dliioh the precipitate had adherM inside, 
wrapped in j^tinum wire which forms a sort 
of cage, and set on fire. Whilst burning it is 
hel# over the crucible, and when compUUly 
burnt out, the ash is heated with the tip of a 
Bunsen flame for a few minutes and then shaken 
into the oruoible. 

Precipitates which contain compounds of 
silver, lead, zinc, tin, and other easily reducible 
metals, should be heated in porcelain crucibles, 
•inoe platinum vessels are liaole to be attacked. 
Care would also be taken that platinum vessels 
are not heated with smoky or * roaring * flames, 
and do not come in contact with brass crucible 
tongs or easily fusible metals whilst hot. After 
some time the surface of the metal may become 
dull, owing to the partial disaggregation of the 
platinum, but this defect can be remedied by 
polishing the metal with sea-sand or a burnisher. 

Heating appliances . — ^The ordinary bunsen 
burner serves for most ^orations, but the argaod 
bunsens introduced by lletcher are more efficient, 
and the radial slit burner of the same inventor 
is perhaps the most efficient gas-burner for heat- 
ing purposes that has yet oeen made. Glass 
vessels are more safely heated on a sheet of wire 
gauze or on a layer of sand in a metal tray. A 
most useful piece of apparatus in a technical 
laboratory is a large iron plate supported on iron 
legs, and heated oy a burner underneath the 
middle. Vessels placed on the plate near its 
edges are subject^ to a very gentle heat, but 
may be raised to a much higher temperature by 
being moved nearer to the middle. 

A water-bath provided with a constant feed- 
ing arrangement is the most useful way of heat- 
ing vessels at 100*. If higher temperatures are 
nc^ed, a saturated solution of calcium chloride, 
melieil paraffin, or oil may be used. Maumen^ 
(Compt. rend. 1883, 97, 45, and 215) has proposed 
to use fused mixtures of alkaline nitrates for 
temperatures between 140* and 260*. Brauner 
(Chem. Soo. Trans. 1885, 47, 887} has described 
a simple arrangement for heating substances in 
sulphur vapour. 

Reagents . — ^The ordinary acids and ammonia 
are required in a dilute as well as in a concen- 
trated form. Whenever possible the reagents 
should be made in solutions the strengths of 
which are multiples or submultiples of normal 
solutions. A convenient strength for the dilute 
mineral acids is twice normal, and the alkaline 
solutions should be of equivalent strength. 

Qualitative Analysis. 

The detection of the constituents of a 
mixture or chemical substance is based on the 
fact that almost every motallio or acidic radical 
will under suitable conditions give rise to a 
reaction which, under these conditions, is 
oharacteristio and thus enables one to distinguish 
this radical from all others. These tests may be 
applied directly to the solid substance, usually 
at high temperatures, when they are Imown as 
dvy reactions ; or they may be employed in sqIq- 
tion, in which ease they are described as toei 
reactions. The wet and dry reactions of metallio 
and aoidio radicals are generally, but by no 
means invariably, independent of the acidic and 
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metalUo radioali with which they are zespec- 
tively oombined. 


Eiamlnatlon In the Dry Way. 

The indioatioDs obtained from the dry re- 
aotkms of a mbstance frequently afford very 
suggestive clues to its composition, but as these 
tests rarely, if ever, indicate the relative pro- 
portions in which the constituents exist in the 
mixture under examination, they most be re- 
garded as being preliminary to the more systo- 
matio examination of the substance in solution. 
Moreover, negative results obtained from dry 
tests must not be accepted as final evidence. 

In all cases, however, a preliminary examina- 
tion of the substance should be made in the dry 
way, and if the substance is in solution a portion 
should be evaporated to dryness. The reactions 
of several substances in the dry way are inter- 
fered with and rendered inconclusive by the 
presence of certain other substances ; but never- 
theless an examination of this kind often gives 
much information in a short time. 

The most convenient source of heat for this 
pur|»se is the ordinary bunsen burner. This 
consists of a metal tube at the base of which 
coal gas enters by means of a jet, the lower part 
of the tube being pierced with holes through 
which air is drawn and mixed with the coal gas. 
The mixture of 1 volume of coal gas with about 
2| volumes of air, which is thus produced, bums 
at the top of the tube with a non-luminous flame. 
When the supply of gas is turned low, it is 
necessary also to reduce the air supply by 
partially closing the inlet holes by means of a 
regulator. The upper part of the burner is 
generally fitted with a support carrying a cone 
to protect the flame from draughts. 

The flame consists essontitiUy of an iimoi 
dpk zone containing un burnt gas mixed with i 
air, and an outer zone or flame mantle in which 
combustion becomes com- 
plete. If the air holes are 
partially closed, a luminous 
cone appears at the top of 
the inner zone. Bunsen has 
shown, however, that several 
distinct zones exist, each of 
which can be utilised for pro- 
ducing particular reactions. 
The most usefuhof these are 
a, a comparatively cold zone 
at the base of the flame, which 
serves for the volatilisation 
of salts in order to obtain 
flame colourations; theUnoer 
reducing flame 9 about one 
quarter of the way up and 
close to the edge of the dark 
zone; i?, the upper and more 
powerful reducing flame at 
the top of the dark zone, 
obtains by closing the air 
holes until the tip of the 
inner zone just becomes lu- 
minous; /3, the zone o//ust<m 
or highest temperature, at 
Fio 5 about one-third the height of 
the flame and half-way be- 
tween the inner zone and the flame mantle; 
y, the lower and hotter oxidising flame at the 
edge just below the zone of fusion ; and «, the 
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umw coeidiHng flame at the extreme tip of 
the flame. 

Instead of the bunsen burner, the flame ob- 
tained by means of a blowpipe may bo used ; a 
mouth blowpijM consists o! a metM tube pro- 
vided at one end with a mouthpiece, the other end 
fitting into a small metal box which serves to 
condense and retain the moisture of the breath. 
From the side of this box a second shorter 
and narrower tube projects at right angles to 
the first, and is provided with a nozzle or jet of 
brass or, better, of platinum. For general w'ork 
the diameter of the bore of the jet should be 
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0-4 mm. In Black’s blowpipe the larger tube is 
conical, the lower and wider end serving the 
same purpose as the box in the form just de- 
scribed. The art of keeping up a continuous 
blast of air through the olowpipe can only be 
acquired by practice. The necessary pressure is 
produced by distending the cheeks, breathing 
being carried on through the nostrils, whilst 
communication between the nostrils and the 
mouth is out off by the pressure of the tongue 
against the palate. A convenient form of hand- 
blower for blowpipe work has been devised by 
Fletcher. 

A good flame for blowpipe work is obtained 
by dropping into the tube of an ordinary bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of the burner and cuts 
off the supply of air, whilst the upper end is 
flattened and out off obliquely. The flame 
should be much smaller than when the burner 
is used in the ordinary way. Coal gas usually 
contains more or less sulphur, and consequently 
cannot be used when testing for this element. 

A thick stearin candle answ'ers well; but 
nothing is better than a lamp consisting of a low 
and rather wide cylindrical metal vessel, open 
at the top, with a somewhat broad and flat wiuk- 
holder attached to the side. The fuel used is 
•solid paraffin, which is kept in a melted condi- 
tion by the heat of the blowpipe flame, the wick 
being so arranged that the flame passes over the 
top of the paraffin. A metal cover protects the 
lamp from dust when not in use. 

* The nozzle of the blowpipe is introduced a 
short distance into the lamp flame at a short 
distance above the wick, ana when the blast is 
produced the flame is deflected hori 2 K>ntally, 
oecomes long and narrow, and is seen to consist 
of two parts, viz. an outer or oxidising flame, at 
the tip of which there is an excess of oxygen 
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heated to a high temperature, and an inner or 
reducing flame, which contains carbonic oxide 
and hydrocarbons heated to a high temperature. 
If the blowpipe is held just at the edge of the 
flame and a moderate blast is used, a broader 
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rcdacing flame can be obtained, which hae a reactions in the closed tnbe, but sulfiUdM 
luminous tip containing solid particles of carbon, bum CToWing sulphur dioskle; arsenic is 

l^e follofling apfuiances are required : a oxidised to arsenious oxide, and selenium and 
small pair of forceps with platinum points ; short its compounds evolve a pungent odour of horse- 
pieces of thin platmum wire ; charcoal ^m some radii^ (dioxide), and give a grey or reddish 
fine-grained compact wood ; glass tubes about sublimate. 

8 mm. internal diameter, and 60-80 mm. long, (3) Heating cnpl^inum wire, — Flame coUmra^ 
closed at one end ; and glass tubes of similar tiane. — ^The wire being cleaned by repea^ dip- 
diameter 100-120 mm. long, open at both ends ping in hydrochloric acid and beating till it imparts 
and bent slightly in the middle. The reaj^ts no colour to the flame, a small quantity of the 
used are borax, microcosmio salt (NH 4 NaHP 04 , substance supported on the end of the wire is 
4HgO), potassium cyanide, sodium carbonate, introduced into zone a of the bunsen flame. As 
potassium nitrate, cobalt nitrate solution, and a colouration is produced only if volatile oom- 
potassium hydrogen sulphate. pounds of the metals are present, the substonce 

The'dry tests are conveniently performed in should be moistened with hydrochloric acid to 
the following order : — produce the volatile chlorides. This result may 

(1) Heating in a dry cheed tube. — ^To avoid also be attained by mixing the substance on an 
soiling the sides of the tube, the substance asbestos thread with mmst silver chloride, a 
should bo introduced by means of a roll of stiff compound which, while imparting no colour to 
paper. The following changes may be observed : the flame, slowly yields chlorine, con verting other 

(a) Carbonisation with or without evolution motals into cnlorides. The wire should be 
of empyreumatic vapours organic compounds, slowly moved into the hottest part of the blow* 

(b) Condensation of moisture on cold parts pipe or bunsen flame, so that the colourations 
of tube ; neutral reaction » hydrated salts and auo to less volatile constituents may be sue* 
hydroxides ; acid reaction » acids and acid salts ; cossivcly developed. 

alkaline reaction ■» ammonium salts. ♦ Colourations : yellow = sodium ; orange red 

(c) Fusion without change of colour cdka~ calcium ; crimson strontium, lithium ; 

line salts, hydrated salts. lavender n potassium, rubidium, cassium ; apple 

(d) Fusion with change of colour yellow green «* barium ; bright green •Bt thallium, 
hot, dark yellow cold bismuth oxide ; yellow copper, boric acid ; pale blue « lead, antimony ; 
hot, red cold « lead oxide, llio chromates of deep blue becoming green *=» copper halides ; 
lead and the alkali metals fuse and darken on deep blue n selemum. 

heating. The pocket spectroscope (direct vision) is a 

(e) No fusion, but change of colour : dark i useful aid in examining flame colourations, 
yellow hot, pale yellow com stannic oxide ; | particularly in the case of strontium and calcium, 
jellow hot, white cold >»stnc oxide ; black hot, I which exhibit respectively a characteristic blue 
reddish-brown cold *= ferric oxide ; black hot, ' and a yellowish-green line. 

bright red cold » mercun'c oxide ; brown darken- ('f) Heating on charcoal. — The substance 
ing on heating on cadmium oxide. mixed with three times its weight of dry sodium 

( / ) Gas evolved : oxygen —oxides, peroxides, carbonate or of a mixture of 2 parts soaium oar- 
chlorates,hromates,perc}doralcs,iodates, periodates, bonate and 1 part potassium cyanide, is placed 
pirsulphaies, and nitrates; carbon dioxide » in a small shallow hole scooped out in charooa.1, 
carbonates, bicarbonates, oxalates; carbon mon- and heated in a reducing flame. The metallic 
oxide (blue flame) *=/orma<es, oxalates; sulphur bead obtained is examined as to colour, malle- 
dioxide SB ac.td sulphtlet, sulphates of heavy ability, solubility, Ac. Many metals yield films 
metaU (together \\ith sulphur trioxido); cyanogen of oxide, which coat the charcoal at a greater or 
■■ cyanides of heavy metals ; ammonia b am- less distance from the flame, and the colour and 
monium salts ; phosphine — phosphites, hypo- appearance of which are more or less character- 
phoaphitea ; orange-brown vapours « nitrates, istio. These and similar films are best seen 
nitrites, bromides ; violet vapours » iodides ; when the charcoal is supported on an aluminium 
colourless fuming gas » hydreUed chlorides. plate (Ross). A piece of sheet aluminium 12 om. 

^) Sublimate : wliite infusible » arsenious by 5 om. is bent in right angles at a distance of 
oxide (ootahedra), antimonious oxide (needles), 2 cm. from one end, thus forming a ledge on 
selenium dioxide, ammonium chloride, am- which a smaU flat piece of charcoal is piacod, 
monium sulphite (from ammonium sulphate); the plate being held so that the surf^e rises 
white fusible B mercuric chloride, tellurium vertically behind the ledge. Volatile oxides, &o., 
dioxide, organic acids, molybdenum trioxide (at condense on the metallio surface (v. Hutchings, 
very high temperatures) ; co]ouro<l, black, or Chem. News, 1877, 36, 208, 217). 
reddish black = sc/eniuin, mercuric sulphide; The reduction may abo be effected by adding 
yellow hot, red cold » mercuric iodide ; reddish a fragment of sodium to the substance supported 
yellow ■= arsenious sulphide ; yellow « sulphur on charcoal (Parsons, J. Amor. Chem. Soo. 1901, 
and sulphides ; black metallic mirror » arsenic ; 23, 169). 

grey metallic globules mercury. These metal- In order to obtain reduced metab with the 
Bo sublimatos are often obtained nore readily by bunsen flame, a matoh-stiok b smeared with 
heating the material with potassium cyanide. ordinary sodium carbonate (washing soda) which 

Phosphorus compounds are detected by has been melted by holding it in the flame, and 
heating in a closed tube with magnesium ribbon the wood thus prepared is carbonised by heating 
and dropping the hot tube into water, when in- it in the flame. A small quantity of the sub- 
flammaUe phosphine is evolved. stanoe is mixed in the palm of the hand with a 

(2) Healing in open fu6s.— The tube being small quantity of the fused washing soda, and 
inolined, to promote a current of air through the mixture is carefully placed on the charcoal 
it, the changes observed are similar to tne splint, which b then heatra in the lower or upper 
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ndttcing flame. Wlieii leduotiiig ia complete, 
the match is allowed to oool inside the dark zone, 
and is then withdrawn, crashed in a mortar, and 
the lighter particles of charcoal removed by 
levigation with water, the heavy metallic 
parucies being left. 

By means of the bunaen flame reduced metals 
and weir oxides can be obtained in the form of 
films on a porcelain surface. The substance is 
suj^rted on a long slender piece of as^tos, 
ana heated in the tip of a small oxidising or 
reducing flame, a small evaporating dish oon- 
taining cold water being held momentarily just 
above the asbestos (v. Bunsen’s Flammen* 
reaotionen, Heidelberg, 1880 ). 

Incrustations on charcoal : white, very 
volatile = arsenic ; white, less volatile » anti- 
mony ; orange-yellow hot, pale yellow cold « 
bismuth; pale yellow hot, deep yellow cold, 
white edge *» lead; yellow hot, white cold 
zinc, mwjhdenum ; reddish-brown or orange- 
yellow cold cadmium, 

Metallio beads or residues on charcoal : 
white malleable a silveft ; red malle- 

able » copper ; grey brittle => antimmyt bis- 
muth j grey powder, magnetic = iron, coball, 
nickel ; non-magnetio molybdenum. 

( 6 ) CdbaU nitrate reactions, — Certain »n- 
fustbU substances, when moistened with cobalt 
nitrate solution and strongly heated, acquire 
characteristic colours. These reactions are 
frequently, but not necessarily, carried out on 
a charcoal support : — blue infusible mass 
aluminium ; blue fusible s certain phosphates, 
silicates, borates; green ^ zinc, titanium, tin; 
pink «=» magnesium. 

(fi) Heating with borax or microcoamic salt . — 
A small loop is made at the end of a platinum 
wire, to which some borax or microcoamic salt ia 
made to adhere, and heated in the flame until 
fused. The bead when cold must be quite trans- 
parent and colourless, otherwise it must be re> 
melted, shaken off, and a fresh bead made. A 
small quantity of the substance is taken on the 
bead and heaM first in the oxidising flame (O.F.) 
and then, after it has been examined, in the | 
inner or reducing flame (I.F.). I’he colour of 
the bead i^hould be observed both hot and cold. 
If too much substance is taken, the bead becomes 
opaque, and the colour cannot be distinguished. | 

These so-called borax and microcosmic beads 
owe their colour respectively to the formation j 
of certain borates and phosphates of the heavy j 
metals. Borax glass consists of anhydrous I 
NaiBfO,, and when heated with a metallio j 
oxide or salt the excess of boric oxide present i 
unites with the metallio oxide, forming the 
corresponding borate: 

Naj|B407+Co0 = NajBjOi+CoBjOi (blue). 

Microcosmic salt on ignition yields the 
readily fusible sodium metaphosphate, and this 
salt combines with metallio oxides to form 
double orthophosphates : 

NaPO,+CuO « CuNaPO^ (green). 

When a silicate is introduced into the molten 
metaphosphate, the latter withdraws the basic 
oxide from the former, setting free silica, which 
remains undissolved (* silica skeleton ’) : 

CaSiOj+NaPOa = CaNaPOa+SiO,. 


Borax beads,^ 

Inner flame Outer flame Metal 

HoT" * "~Cold Hot Cold 
Green Bottle-green Yellow Pater Iron 

Green Green Yellow Green Chromium 

Green Bottle-green Yellow Pale Uranium 

yellow 

Colourlesi Coiourlese Amethyst Amethyst Manaaness 
Blue Blue Blue Blue Cobalt 

Grey Grey Violet Beddlsh- Nicktl 

brown 

Brownish Emerald- Yellow Greenish- Vanadium 
green yellow 

Cdourless Brown Green Bluish- Copper 

green 

Colourless Colourless Orange- Colourless Cerium 
red 

Brown Brown Yellow Colourless Mdlybdsnum 

Brownish-violet Yellow Colourless Titanium 

Yellow to brown Yellow Colourless Tungsten 

Microcosmic beads. — The colours produced 
are similar to those in the borax bead, but the 
reducing effects are less pronounced. In the I.F. 
molybdenum compounds give a green colour, 
and those of tungsten a greenish-blue tint. 
Chlorides and bromides evolve a blue and green 
flame when heated with a miorooosmio bead 
saturated with copper oxide, and iodides give a 
green flame. 

( 7 ) Other special dry iesis.^(a) Heating on 
charcoal with potassium (or cuprous) iodide and 
sulphur : crimson incrustation a bismuth ; lemon 
yellow morustation = lead ; grconish-bluo fumea 

mercury. 

^ (b) Heating on charcoal with (i.) fusion 
mixture (Na2C03,K2C09) alone and moistening 
with dilute acid, hydrogen sulphide evolved *3 
sulphur compounds; (ii.) fusion mixture and 
sulphur, soluble mass giving coloured precipi- 
tate with dilute acid, yellow » ; orange a 

antimony. The fuser] insoluble oxides SnOg 
and SbgOg can be thus characterised. 

(c) Heating with fusion mixture and potas- 
sium nitrate : soluble green mass » manganese ; 
yellow mass n chromium. 

{d) Heating in closed tube with potassium 
hydrogen sulphate. Qas evolved : carbon dioxide 
■M carbonates, oxalates ; accompanied by charring 
of the residue » tartrates, citrates, Ac. ; carbon 
monoxide (blue R&me) ^ formates, oxalates; 
sulphur dioxide « sulphites, tniosulphiUes; hydro- 
gen sulphide s sulphides (not all) ; hydrogen 
chloride (fuming in nir) ^ chlorides (not all); 
hydrogen fluoride (etching glass) •mfuorides ; 
bromine and hydrogen bromide a oromtde^ ; 
iodine BiWtdes ; nitrous fumes^- nitrites, nitrates. 

Examination in the Wet Way. 

The preparation of the solution requires some 
attention. A metallio substance is treated at 
once with moderately strong nitric acid. Tin 
and antimony form oxides which to a great 
extent remain undissolved ; arsenic is oxidised 
to soluble arsenio acid ; other metals (with the 
exception of gold and the platinum metals, which 
are not attacked) are converted into nitrates, 
which dissolve at once or on diluting. 

If the substance is not a metal, it is first 
treated with hot water, and if anything is dis- 
solved (which is ascertained by evaporating a 
few drops on platinum foil), the substance is 
boiled two or three times with fresh quantities of 
water. Any residue which may be left is treated 
with dilute hydroohlorio acid, and afterwards, if 
necessary, with the concentrated acid. Ore 
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miiat be taken to obeerve if any gas ii given off — 
tjn* carbon dioxide ^effervescence), from eairbon* 
aiu ; salphur dioxide, from gtUphUee or thioml- 
phates ; chlorine, from fteroxides or Jiypo- 
chhrittM ; hydrocyanic acid, from eyantdea ; 
hy^ffon sulphide, from iulphidis. Many 
ohlorides are insoluble in the strong acid, and 
hence the solution must be diluted before Mter- 
ing. Silver, lead, and univalent mercury will 
be converted into insoluble chlorides. 

Solvent action of the mineral acida (e. 
A. A. Noyes and W. C. Bray, J. Amer. Chem. 
Soc. 1907, 29, 137, 481). — In dealing with sub- 
stances insoluble in water the following acidic 
solvent^ may bo used : hydrochloric, nitric, sul- 
phuric, and hydrofluoric acids. Although it 
IS impossible to give a hard-and-fast rule as to 
the way in which these agents should be applied, 
the following considerations will indicate the 
relative advantages of one or other of these 
solvents ; — 

Hydrochloric acid, — (1) Advantages : (i.) 

Solutions on this acid do not yield a precipitate 
of sulphur on treatment with hydrogen sulphide ; 
fill the solvent action of this aciti on the 
following oxides : lead peroxide, mangancHO 
dioxide, and the hydrated oxides of tin and 
antimony, is superior to that of nitric acid ; 
(iii.) hydrated silica is readily precipitated on 
evaporating the hydrochloric acid solution. 

(2) Disadvantages: (i.) This acid is com- 
paratively useless for alloys ; (ii.) evaporation 
of tho hydrochloric acid solution leads to the 
volatilisation of arsenic, mercury, tin and 
selenium as chlorides. 

Nitric acid, — (1) Advantages: (i.) The beet 
general solvent for the metals and their alloys ; 
(ii.) oxidises and dissolves insoluble compounds 
of arsenic, mercury, and selenium without 
the formation of volatile compounds of these 
elements; (iii.) does not cause tho precipita- 
tion of silver or lead ; (iv.) oxidises sulphides 
not attaoked by hydroohloric and sulphiirio acids. 

(2) Disadvantages : (i.) This aoid alters the 
state of combination of many elements, e^, it 
oxidises mercurous, arsenious, antimonious, 
stannous, and ferrous salts ; (ii.) its solution 
deposits much sulphur on treatment with 
hydro^n sulphide ; (iii.) the oxidation of 
sulphides by nitric acid in the presence of 
barium, strontium, and lead leads to the 
preeipitation of these metals as sulphates ; (iv.) 
nitrio aoid is less efiioaoious than bydrochlorio 
aoid in rendering hydrated silica insoluble. 

The nitrio aoid solution of an alloy when 
evaporated to dryness and heated at 120*-J30^ 
may yield tho partially dehydra tdl hydroxides 
of silica, tin, antimony, titanium, and tungsten 
in an insoluble condition. When phosphorus 
or arsenic is present together with tin tne so- 
oallod stannic phosphate or arsenate (phospho- 
stannio or arsenostannio aoid) may also be found 
in tho insoluble residue. 

Sulphuric acid, — ^Tho dilute aoid is of little 
value as a solvent, but the hot oonoontrated 
acid has been found useful in certain oases, 
(i.) In bringing certain alloys into solution, e,g, 
white metals {v, IjOw, J. Amer. Chem. Soo. 
1907, 29, 66); (ii.) destruction of oiganio 
matter; evaporation of a oonoontrated sulphurio 
aoid solution of the snbstanoe is preferal^ to 
ignition, beoause the latter process renders oer- 


tain oomnoonds insoluble and leads to the lost 
by volatilisation of such elements as mercury, 
arsenic, selenium, fto. Very stable organic 
snbstanoes (e.p« paraffin and cellulose) can be 
destroyed completely by adding a little strong 
nitric aoid and heating till the solution acquires 
a light yellow colour. When diluted eon- 
siderably with water (20>30 vols.) this solution 
may yield a deposit containing silica and certain 
refractory silicates and fluosilicates, together 
with the sulphates of barium, strontium, lead, 
caloium, and chromium (an insoluble sulphate 
formed during the heating), basic sulphates of 
bismuth, antimony, and tin and the ignited 
oxides of the last two metals with those of 
aluminium and titanium, (iii) Insoluble com- 
pound cyanides are decompose by hot con- 
centrated sulphuric aoid, but ffiay also be 
attacked by aqueous alkali hydroxides yielding 
soluble alkali cyanides and insoluble metaUio 
hydroxides. 

Hydrofluoric acid . — ^The insoluble residues 
from the preceding acids may be treated with 
a 40 p.c. solution of hydrogen fluoride, whioli is 
now obtainable in gla^s bottles lined with 
paraffin wax. (1) Advantages: (i.) Many 
insoluble silicates are readily decomposed, the 
silicon being eliminated completely as gaseous 
silicon fluoride; (ii.) the reducible metals and 
their compounds may be treated in platinum 
basins or orucibles providing that the solution 
is never evaporated to dryness. 

(2) Disadvantages: (i.) Glass or silioa-ware 
vessels oannot be used writh hydrofluoric aoid ; 
(ii.) owing to the destructive action of hydrogen 
fluoride on animal tissues, all operations with 
solutions of this gas must be conducted in an 
efficient draught cupboard. 

Aqua regia (concentrated hydrochloric aoid 
8 parts and nitrio acid 1 part) may be em- 
ployed in ottacking substunoes not dissolved 
by hydroohloric or nitrio aoid, althojgh it is 
of little use for colourless insolubles. It readily 
dissolves gold and platinum, but is less effioaoious 
in rendermg soluble the rarer noble metals (e.g. 
osmium ana iridium). 

Treatment of Insolnblei. 

The substanoes not dissolved by the fore- 
going acidic reagents are generally regarded as 
insolubles, although they are divisible into two 
classes : (i. ) paeudo-inaolublea, which are dissolved 
by certain speoifio solvents ; (ii.) true inaoluhha, 
which are only broken up into soluble com- 
pounds by the agenoy of fused alkali carbonates. 

Pseudo-insoluolea. — Silver chlorideund bromide, 
soluble in aqueous ammonia. (The three silver 
halides may be completely decomposed by treat- 
ment with zinc and dilute sulphurio acid, 
metallio silver and soluble zino halide being 
produced.) Inaaluble fluorides (those of the 
common and rare earth metals) are decomposed 
by heating with concentrated sulphuric acid. 
Lead aulphate, soluble in ammonium acetate 
solution ; oxi^ of antimony, dissolved in hydro- 
ohloric and tartaric acids. Anhydrous chlromic 
aulphate and boric bismuth avlphode, converted 
respectively into hydroxide and basic carbe^te 
by boiling with aqueous sodium carbonate ; Aese 
p^uots are then dissolved in dilute mineral 
acids. 

TVue insriubfes.— These substances are fused 


ANALYSia 281 


with a miztiirp af aoaium ana pouwiom car- 
booatea in equimoleouJar proportiona < 80 - 
caOed lorion mixture). In the abeenoe of 
reducible metals (ap. silver or lead)» insoluble 
sulfdiatefl (barium and strontium sulphates) and 
silicates may be heated with the fusion mixture 
in a platinum crucible. If any insoluble molyb- 
denum sulphide is present (mdicated by diy 
tests), a litUe nitre must be added to oxidise this 
sulphide, and thus prevent its corrosive action' 
on the platinum. In the case of an insoluble 
silicate the fused mass is treated directly with 
hydrochloric acid, when the metals present pass 
into solution as chlorides, and the silica is ren- 
dered insoluble by evaporating down the acid 
solution. In the case of insoluble sulphates the 
fused mass is extracted with water to remove 
the soluble •alkali sulphate, and the residue 
(BaCOg,8rCO|) is subsequently dissolved in 
dilute acid. 

Silver iodide, bromide, and chloride are 
decomposed by < fusion mixture,* yielding the 
soluble alkali halide ; insoluble lead compounds 
are similarly decomposed. The strongly neated 
oxidesof aluminium, chromium, titanium, tin, and 
antimony rank as insolubles ; they are not readily 
attacked by * fusion mixture,* but are rendered 
soluble by fusion with potassium hydroxide. 
The oxides of titanium and aluminium may be 
rendered soluble by fusion with potassium 
hydrogen sulphate; special methods for treat- 
ing the insoluble oxides of chromium, tin, and 
antimony are indicated among the dry tests 
(7, b and c). The insoluble compounds of the 
easily reducible metals (e^, Ag, Pb, Sn, Sb, Ac.) 
can all bo decomposed and r^uc^ by fusion 
with sodium or potassium cyanide. 

When both aqueous and acid solutions have 
been obtained from the same substance, the 
analyst must use his judgment as to whether 
they may be mixed or should be analysed 
separately. The latter course sometimes 
gives information as to the <listribution of the 
acids and bases in the original substance. If 
the first course is adoptee^ it must be borne 
in mind that the bydrocnloric acid solution may 
precipitate lead and silver, and possibly mercury, 
from an aqueous or nitric acid solution. 

Systematic Method of Examination In the 
Wet Way. 

The formation of a precipitate at the proper 
stage in the systematic separation is not suili- 
oient proof of the presence of a particular sub- 
stance ; some characteristic confirmatory test 
should always be applied. The colour of the 
solutions at different stages in the operation is 
a valuable indication. Unnecessary excess of 
reagents should be avoided, but filtrates should 
always be tested to make sure that precipitation 
is complete. Many tests succeed only wnen the 
proper proportion of the reagent is added, and 
it should be a rule always to add the reagents 
veiy gradually. All precipitates which nave 
to oe subjected to the action of reagents riiould 
be carefully washed, but in qualitative analysis 
it is not as a rule desirable that all the washings 
should mix with the filtrate. 

The reaction of the original solution towards 
litmus paper should be noted and a portion 
tested for ammonium compounds by beating 


with sodium hydroxide or by triturating in a 
mortar with soda-lime (dry atrium and calcium 
hydroxides). 

In systematic qualitative analysis advantage 
is taken of certain similaniies existing between 
the metallic radicals which enable these radicals 
to be divided into a limited number of groups, 
the members of which are subsequently citnor 
separated or identified by means of the differences 
between the properties of their respective com- 
pounds. 

The metallic radicals are divided into six 
mups, according to their behaviour with the 
following reagents, which must be applied in 
the order given. It may be mentioned that 
some chemists prefer a division uito five groups, 
and add the reagents of Groups III. and IV. sue- 
ceasively wUhoui an intervening filtration. This 
process is conveniently adopted in the presence 
of the leas commonly oooumng metals ( J. Amer. 
Chem. Boo. 1008, 30, 481). 

Group I. — Reagent: hydrochlorio acid in 
moderate excess. Precipitate : eUver, lead, 
thallium {thaUoua), and mtrcuroua chlorides % 
tungstic acid. 

If the original solution is alkaline, the group 
precipitate may contain sulphides A8|8„ 
SbsS|, SnS|) which had been oissolved in aqueous 
alkali sulphide or hydroxide. This yellow or 
orange precipitate is examined under Group II. 
The group precipitate may also eon tain in- 
soluble silver salts {e.a, AgBr, Agl) precipitated 
from solution in alkaline cyanides or thio- 
sulphates; these are dealt with as insolubles. 
The filtrate from tho Group I. precipitate or the 
solution itself in the absence of a precipitate, 
must be evaporated nearly to dryness if nitric 
aoid or nitrates are present, since these com 
pounds lead to the precipitation of sulphur in 
Group 11. 

Group II. — Reagent : hydrogen sulphide in 
acid solution. Thioacetio acid has been recom- 
mended as a substitute for hydrogen sulphide 
in qualitative analysis (Seniff and Tarugi, 
Bor. 1894, 27, 2437). Precipitate : the sulphi^ 
of arsenic, antimony, tin, molj^denum, geld, 
nlatinum {the other pUUinum metals), bismuth, 
lead, mercury, copper, and cadmium, together 
with eelentum ana tellurium, partly free and 
partly as sulphides. The solution should be 
dilute and not too acid, and it should be treated 
and saturated repeatedly with the group reagent, 
since prolonged treatment is required to precipi- 
tate molyUlonum and the platinum metals. 

The filtrate from the foreeoing sulphides is 
boiled to expel hydrouen sulphide, and any iron 
present poroxidised oy warming with nitric 
aoid or oromine water. If organic matter is 
present, it is destroyed cither by evaporation to 
dryness or treatment with hot concentrated lul- 
phurio acid (v. supra). Silica or barium sulphate 
may be precipitated at this stage. A portion 
of the oxidised solution should now be tested 
for phosphate with nitric acid and ammonium 
moWbdate. 

Group III. — Reagents : ammonium chloride 
and ammonium hydroxide. Precipitate : (a) In 
absence of phosphates; hydroxides od aluminium, 
iron, chromium, glvcinum, titanium, zirconium, 
tantalum, cUumbium, thorium, cerium {and 
other rare earth metaU), and uranium as am- 
monium diuranaiA Some manganese, zino, 
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•nd alkaline earth metals may bo copreoipi- 
tated. (h) in presence of phosphates: the 
p^HpJuUes of the preceding metals, together 
with ihoee of urot^ IV., V., and magnesium, 

Gbouv IV. — ReagentH : ammonium sulphide 
or hydrogen sulphide and ammonium hydroxide. 
Precipitate : sulphides of tine, manganese, cobalt, 
and nickel. The precipitation is carried out in 
the boiling solution, and the filtrate, if brown, 
is slightly acidified with hydrochloric acid, when 
mnSiium and a small portion of the nickel are 
precipitated as sulphides. 

Gboup V. — Reagents . ammonium carbonate 
and ammonia. Precipitate : barium, strontium, 
and calcium as carbonates. 

Gboup VI. — The filtrate from Gioup V. 
contains magnesium, sodium, lithium, potassium, 
rubidium, and cmium, which are identifieti by 
special tests. 

In the absence of the rarer metallic radicalH, 
the group precipitates are examined in the fol- 
lowing manner. Confirmatory tests are given 
under special reactions. 

Gboup I. — The precipitate is boiled with 
water; the aqueous extract mixc<l with dilute 
sulphuric acid gives a white precipitate (PbS 04 ), 
indicating lead. The insoluble portion is treat^ 
with aqueous ammonia ; a black residue 
(NH^HgiCl or NH,HgCl and Hg) indicates 
mercury ; the ammonianal filtrate acidified 
with nitric acid gives white stiver chloride, 
indicating silver. 

Gboup II. — The precipitate is washed with 
aqueous hydrogen sulphiue and warmed with 
yellow ammonium sulphide [(NH 4 ) 3 Sx], this 
extraction being repeated. 

(A) The filtrate is acidified with dilute hydro- 
chloric acid, the precipitate boiled with strong 
aqueous ammonium carbonate, and the solution 
filtered , the filtrate acidified yields a yellow 
precipitate ( AsgS,), denoting arsenic. The residue 
IS dissolved in concentrated hydrochloric acid, the 
solution boiled, diluted, and' treated with strips 
of platinum and pure zino ; a black stain on the 
platinum ■■ antimony. The zino is dissolved 
in hydroohlorio acid and inerourio ohloride added; 
a white precipitate (Ilg^Cl,) becoming grey 
(Hg) « tin. 

In the separation of arsenic, antimony, and 
tin by ammonium carbonate, this solvent 
dissolves an appreciable amount of stannic 
sulphide, which is reprcoipitated by acids as 
a white oxysulphide (Schmidt, Ber. 1894, 27, 
2739). 

Boiling the mixed sulphides with con- 
centrated hydrochloric acid effects a separation 
by dissolving the tin and antimony compounds, 
leaving nearly the whole of the arsenious sulphide 
undimolved. The mix^d sulphides may also 
be dissolved in aqueous sodium peroxide,* which 
produces sodium arsenate, antimonate, and 
stannate. ^ On boiling this solution with excess 
of ammonium chloride, hydrated sthnnio oxide 
is precipitated {v. J. Walker, Ohem. Soc. 'I'raiis. 
1903, 83, 184 ; cf, Caven, Ohem. Soc. Proc. 
1910, 26, 170). 

(B) The precipitate insoluble in ammonium 
sulphide is bbilea with nitric acid (1 vol. acid 
8p.gr. 1*20: 2 vols. H,0), the residue dissolved 
in aqua rraia, excess of acid exp^ed, and stan- 
nous ohloriae added ; a white precipitate (Hg|Cl|) 
indicates mercury. The nitric acid solution is 


evaporated to a small bulk with sulphuric acid, 
diluted with cold water and filtered; white 
residue (PbSOi) indicates lead. The filtrate is 
rendered ammoniacal, blue colour copper ; 
white pr^ipitate (Bi(HO)s) bismuth, con- 
firmed by dissolving in hydroohlorio acid and 
diluting considerably with water (BiOd). The 
colour of the filtrate discharged by potassium 
cyanide (excess) ; the solution saturated with 
hydrogen sulphide, a yellow precipitate (OdS) » 
cadmium (confirmation is essential, since a yellow 
cyanogen derivative may be precipitated at this 
stage). 

Gboup HI. (phosphates absent). — ^The mixed 
hydroxides, suspended in water, are warmed with 
excess of sodium peroxide and filtered. A 
residue (FejOj’OjHjO, which may contain some 
MnOg) indicates iron. The filtrate iadivided into 
two parts, (i.) boiled with excess of ammonium 
chloride, white gelatinous precipitate (Al(OH),) 
aluminium i (ii.) acidified with dilute acetic 
acid and lead acetate added, yellow precipitate 
(PbCr 04 ) *= chromium. 

Group HI. (phosphates present). — If the 
original solution was acid, this group precipitate 
may contain phosphates insoluble in neutral or 
alkaline solutions. The sodium peroxide separa- 
tion is applied to one-third of the preoipitate; 
the remainder is dissolved in dilute nydro- 
chloric acid, the solution nearly neutralised 
with pure sodium carbonate, and treated 
successivelv with ammonium acetate, acetic 
acid, and ferric chloride until no further preoi- 
pitnte is produced and the solution is deep red. 
The mixture is boiled and filtered hot; the 
filtrate is then examined for the metals of 
Groups IV. and V., and for magnesium. The 
preoipitate, which is neglected, contains ferric 
phosphate and basic fen lo acetate. Ammonium 
formate may be used instead of acetate in this 
separation (Tower, J. Amer. Chem. Soc. 1910, 
32, 963). 

'Fhe phosphoric acid may also be removed 
by evai>orating the filtrate bom Group II. to 
dryness with nitric acid and granulated tin, 
when an insoluble residue is obtained consisting 
of metastannio and phosphostannio acids. 

Group IV. — ^The mixed sulphides, washed 
with hydrogen sulphide water, are dissolved 
in aqua regia, or hydrochloric acid and potapsium 
chlorate. Excess of sodium hydroxide is added 
to the solution after expelling excess of acid ; the 
preoipitate collected and the filtrate treated with 
hydrogen sulphide; white preoipitate (ZnS)s 
zinc. The precipitated hydroxides are dissolved 
in hydrochloric acid, excess of ammonium acetate 
added, and the solution saturated with sulphide. 
Any black precipitate is removed and the 
filtrate rendered ammoniacal; pink preoipitate 
(MnS) = manganese. 

The black precipitate is tested in the borax 
bead ; a brownish-yellow colour indicates nickd 
present and cobalt absent. If the bead is blue 
{— cobalt), the precipitate is dissolved in hydro- 
chloric acid, potassium chlorate added, excess of 
acid expelled, and the solution nearly neutralised 
with sodium carbonate ; excess of potassium 
cyanide is then added, and the sulution boiled 
in an open dish. An excess of sodium hypo- 
chlorite or freshly prepared sodium hypo- 
bromitc is added to the warm solution ; 
a black preoipitate 
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the filtrate contains potaesium cobalticyanide 
(K,Co(ON)«). 

A quicker separation of the Qioup IV. 
sulphidec may be effected by digesting them 
witn cold dilute hydrochloric acid 0 : 20). 
This treatment should bring the sine and 
manganese into solution, leavmg the sulphides 
of nickel and cobalt undissolved ; but it is Mne- 
rally found that appreciable quantities of the 
latter metals are present in the filtrate. Alterna- 
tive methods of deteoting and separating nickel 
and cobalt are given under special reaottons. 

Gboup V.— dissolve the washed precipitate 
in dilute acetic acid, add aqueous potassium 
chromate; yellow precipitate (BaCrOi) Kha- 
rtum: filtrate boiled with concentrated aqueous 
ammonium sulphate; white precipitate (SrSOJ^a 
strorUium : final filtrate treated Avith ammonium 


oxalate; white precipitate (CaC|04,s;H,0) « 
calcium. Owing to their close relationship, a 
sharp separation of the three metals is extremely 
difficult. The following alternative process has 
been worked out (v. Bray, J. Amer. Chem. Soc. 
1909, 31, 611). 


The group precipitate, which may contain 
magnesium, is dissolved in 20 o.o. of 30 p.c. 
acetic acid, solution neutralised with ammonia. 


3 o.a of acetic acid added, diluted to 40 o.o., 10 


0.0. of 20 p.o. potassium chromate slowly added, 
solution boiled for 2 minutes ; yellow precipitate 
(BaCrO^). Throe o.c. of ammonia addw to 
filtrate, diluted to 60 o.o., 60 o.c. of alcohol 


(95 p.o.) added ; after 10 minutes yellow pre- 
cipitate (SrCr04). Without washing this pre- 
cipitate, 200 0.0. of water are added to filtrate, 
the solution boiled, and 40 C.C. of 4 p.o, ammo- 
nium oxalate added; after 10 minutes white 


precipitate (CaC404). Magnesium is precipitated 
in filtrate as a colourless crystalline precipitate 
(^(NH4)P04,6H20) by adding ammonia and 
somum phosphate. 

Group VI. — A portion of the filtrate from 
V. examined for magnesium {v. supra), the re- 
mainder evaporated to dryness and ignited to 
expel ammonium salts. The* residue dissolved 
in a small bulk of water, the solution filtered 


d necessary, examined by flame test and 
divided into two parte, (i.) platinio chloride 
added ; yellow crystalline precipitate (K^PtCle) 
•^potassium; (ii.) potassium pyroantimonate 
added ; colourless crystalline precipitate 
(NaiHiSbsO^fiHgO) » sodium. 


Group Separation in the Presence of 
THE Rarer Metals. 

In the presence of the less commonly occur- 
ring elements, the ordinary group separations 
require, in certain instances, to be modified 
very considerably. A systematic attempt to 
dead with this problem has recently been made 
by A. A. Noyes and his collaborate, to whose 
original memoirs reference should be made for 
the exact working details of the necessarily 
somewhat complicated separations, an outline 
of which is given below (J. Amer. Chem. Soc. 
1907, 29^ 137; 1908, 30, 481 ; 1900, 31, 

611). 

It will be seen that the greater number of 
the rarer elements are precipitated by the re- 
agents of Groups IL, 111., and IV. of the fore- 
going analytical classification ; but in the 
scheme devised by Noyes, Groups III. and IV. 


are merged into one, and it is chiefly in this 
comprehensive group that the additional com- 
plications are to be found. 

Group I.— The precipitate contain 

thnUaus cMoride and tungslic acid. The former 
is extracted by hot water, any lead separated 
as .sulphate, when the filtrate treated with potas- 
sium iodide gives. a yellow precipitate (Til) 
ikallium. The hydrated tungstic acid, pre- 
cipitated by hydrochloric acid from alaali 
tungstates, remains in the residue, and may 
be separated from lead and silver by fusion 
uith sodium carbonate. The aqueous solution 
of alkali tungstate is boiled with zinc and hydro- 
chlorio acid, when the development of a blue 
colouration a tungsten. 

Group II. — Selenium, tellurium, niolvbde- 
num,gold, platinum and its allies, are precipitated 
by hydrogen sulphide in acid solution. Ex- 
traction of the group precipitate with yellow 
ammonium sulphide carries the greater part 
of these elements into the tin sub-group, but 
the separation is not quite Bharp,*for smul but 
appreciable quantities of molybdenum, gold 
and the platinum metals remain in the insoluble 
sulphides of the copper sub-group. 

A. Copper sub-group. — ^The pi'ecipitate boiled 
with dilute nitric acid (1 vol. of Bp.gr. 1*20: 2 
vols. water) partially dissolves; the solution 
contains lead, copper, cadmium, and bismuth, 
while the residue contains mercury, gold, 
platinum, and a trace of tin. The insoluble 
portion is oxidised with bromine water, potas- 
sium chloride and hydroohlorio aoid are added 
and the solution concentrated ; a yellow crystal- 
line precipitate (K^PtClf) ■■ phtinum. The 
excess of acid is expelled from the solution, 
which is then rendered alkaline and boiled with 
excess of oxalio aoid; a brownish-black pre- 
cipitate Bs> gold. 

B. Tin svh-group. — The sulphides are rc- 
preoipitated by dilute aoid from their solution 
in ammonium sulphide, and digested for 10 
minutes with nearly boiling hyorochlorio aoid 
(8p.gr. 1 *20) ; the solution contains tin and 
antimony, and the residue arsenio and the rarer 
elements. The residue is dissolved by strong 
hydrochloric acid and potassium chlorate; the 
solution concentrated to the crystallising point 
yields a yellow precipitate {}^Ji^^>C\^^ptatinum. 
The filtrate, treated successively with ammonia 
and magnesia mixture (MgC32,2NH4Cl with 
NH4’0H), yields a colourless crystalline pre- 
cipitate (Mg(NH4)A804,6H20) «= arsenic. The 
filtrate from the double arsenate is evaporated 
to remove ammonia, and then boiled with oxalic 
acid, and the brownish- black precipitate igdd) 
extracted with hydrochloric acid to dissolve 
any co-precipitatea tellurous aoid. The filtrate 
from the gold Is concentrated and acidified with 
strong hydroohlorio acid, and after removing 
any precipitated potassium chloride, sodium 
sulphite (in slighi excess) is added when a red 
precipitate a sdenium. The filtrate from se- 
lenium is diluted and treated eucoessively 
with potassium ioflide and solid sodium sulphite 
(excess); the double iodide, K^Telf, becomes 
reduced, and a black precipitate tellurium. 
The final filtrate is boiled with hydrochloric 
add to expel sulphur dioxide, and to the cooled 
solution lO p.o. potassium thiocyanate and 
stannous chloride (or a scrap of zinc) are 
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BuooesiiTeiy added, when a red coloura- 
tion (M0(CNS)4) soluble in ether «= woiyfe- 

GitovPa III. and IV.— The filtrate from 
Group 11. is boiled to expel hydrogen sulphide, 
treated with moderately strong ammonia, the 
colour of the precipitate being noted, and the 
ammoniaoal mixture heated nearly to boiling 
and treated with ammonium sulphide, or pre- 
ferably, in the presence of nickel, with hydrogen 
sulphide to saturation. In the presence of 
vanadium the filtrate has a reddish colour, 
and on adding hydrochloric acid brown vana- 
dium sulphide is precipitated. The acid filtrate 
is boUed to expel nydrogen sulphide, and treated 
with ferric chloride and ammonia to precipitate 
last traces of vanadium. The presence of this 
metal in the sulphide and ferric hydroxide pre- 
cipitates is confirmed by dissolving in nitric 
acid (sp.gr. 1*20), diluting and adding hydrogen 
peroxide, when an orange-yellow colouration a 
vajiadium. 

The group precipitate is dissolved in 
hydrochloric acid (sp.gr. 1*12), adding, if 
necessary, some nitric acid or bromine water. 
The solution is then boiled with hydrochloric 
acid to remove nitric acid, and treated in a 
platinum dish with 40 p.c. hydrofluoric acid, 
and evaporated to dryness. An insoluble 
residue indicates the fluorides of the rare earth 
metals (thorium, cerium, yttrium, erbium, Ac.) ; 
the aqueous extract, which contains all the other 
metals of this analytical group, is evaporated 
successively with hydrochloric and nitric ecids. 
The insoluble fluorides are decomposed by hot 
sulphuric acid, and the resulting sulphates of 
the rare earth metals subjected to special tests 
for those elements. 

The nitric acid solution of the other metals 
of the CToup is treated successively with caustic 
soda solution, dry sodium peroxide, and aqueous 
sodium carbonate, when a precipitate B and 
a filtrate A are obtained. This treatment 
separates these metals into two sub-groups, and 
the method is valid even when phosphates are 
present. 

A. The aluminium eub-grou^ (may contain 
sodium gluoinate, zinoate, aluminate, vanadate, 
chromate, and peruranate). The solution is 
acidified with nitric acid (sp.gr. 1*42) and diluted 
considerably, solid sodium hydrogen carbonate 
added in moderate excess and the mixture heated 
in a stoppered bottle. The precipitate (contain- 
ing zinc, gluoinum, and aluminium) is dissolved 
in hydrochloric acid, and the solution rendered 
ammoniacal ; the zinc remains in solution, 
while the hydroxides of gluoinum and alu- 
minium are precipitated. These hydroxides are 
dissolved in strong hydrochloric acid, ether 
(l*fi vols.) is added, and the cooled solution 
saturated with hydrogen chloride, white crystal- 
line precipitate (A1C1,,6H|0) «= aluminium. 
The ethereal filtrate is evaporated, treated with 
ammonia, any precipitate dissolved in 10 p.o. 
sodium hydro^n carbonate, the solution 
saturated with hydrogen sulphide ; the filtrate 
from any precipitaM sulphide is acidified, 
boiled, and rendered ammoniaoal, when a white 
flooculent pieoipitate (Ql(OH).) » gluoinum. 

The filtrate obtained from the first treatment 
with sodium hydrogen carbonate is acidified 
with nitric acid, and just neutralised with j 


caustic soda; 2 o.e. of nitrio acid (^gn. 1*20 
and 20 o.c. of 20 p.c. lead nitrate are added; 
yellow precipitate » chromium. The lead is 
removed with hydrogen sulphide, the excess of 
gas boiled off, vanadyl salts oxidised to vanadates 
with bromine, any excess of this reagent being 
removed by boiling. The solution, after 
neutralisation with ammonia, is treal^ suc- 
cessively with 5 C.C. of 30 p.c. acetic acid, 2 
grams of ammonium sulphate (or nitrate), and 
2 grams of sodium phosphate; the mixture is 
heated to boiling, when a white precipitate 
(U 0 ,(NH 4 )P 04 ) =3 uranium. The final Utrate 
is rendered ammoniacal, saturated with hydrogen 
sulphide, acidified with acetic acid, and boiled; 
dark precipitate ss vanadium. 

B. The iron-manganese sub-group (may con- 
tain the hydroxides and phosphates of iron, 
manganese, cobalt, nickel, zinc (traces), titanium, 
and zirconium, together with calcium, strontium, 
barium, and magnesium, as carbonates and 
phosphates). The precipitated hydroxides, Ac., 
are dissolv^ in hydrochloric acid, the solution 
evaporated down with strong nitric acid, and 
treated with 0*5 gram of solid potassium 
chlorate ; brown precipitate » manganese. A 
portion of the filtrate tested for phosphoric acid, 
when, if present, the remainder is treated with 
ammonium hydroxide till nearly alkaline, and 
boiled with ferric chloride and ammonium 
acetate. The filtrate contains the ordinary 
metals of Groups 111. and IV., together with 
magnesium; the precipitate consists of the 
hydroxides, phosphates, and basic acetates of 
iron, zirconium, titanium, and possibly thallium 
(torvalent). This precipitate is dissolved in 
hydrochloric acid (sp.gr. 1*12), and the solution 
I shaken with an equid volume of ether. The 
ethereal extract contains ferric and thallic 
chlorides ; the hydrochloric acid solution the 
zirconium and titanium. The latter is evapo- 
rated down with sulphuric acid until the hydrogen 
chloride is expelled, the residue taken up with 
water and treated with hydrogen peroxide and 
subsequently with sodium phosphate; orange- 
yeUow colouration (TiOO » fftentum ; white 
flooculent precipitate (!ar(0H)*P04) =* zirco- 
nium. The final filtrate is reduced with 
sulphurous acid, when a white flooculent pre- 
cipitate (Ti(OH)*P 04 ) confirms titanium. 

Groups V. and VI. — In the presence of 
lithium it is preferable to precipitate magnesium 
in the calcium group. The filtrate from Groups 
111. and IV. is concentrated to 10 o.o. and treated 
with 30 c.o. of 20 p.o. ammonium carbonate and 
30 0 . 0 . of 95 p.c. alcohol. After 30 minutes the 
precipitation is complete, the magnesium being 
present as the double carbonate (MgCO^, 
The treatment of the group 
precipitate has already been described under 
Group V. (w. supra). The filtrate is evaporated 
to d^ess and ignited. The residue is taken 
up >nth 10 O.C. of water, and one-third tested 
for lithium by adding 0*6 o.o. of 10 p.o. caustic 
soda and 2 o.o. of 10 p.o. sodium phosphate, 
heating to Yioiling and adding 1 o.o. of alcohol, 
white precipitate (LijPO^) 3 = lithium. The fil- 
trate from this phosphate Is tested for potassium 

adding acetic acid and sodium oobaltiniteite. 
Tlie remaining two-thirds of the solution, con- 
taining the alkali metals, are tested for sodium 
by potassium pyroantimonato after removing 
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the lithium as fluoride by ammonia and am- 
monium fluoride. 

Biamiliatlon for Aolds. 

Althoujg^h it is not possible to separate the 
aoidio ndmals into a limited number of groups, 
each having a group leagen^ ^et the reactions 
may be dimed into (i.) preliminary tests made 
on the ordinal solution or substance ; and (iL) 
systematic tests made on suitably prepared 
solutions. The reactions may be conveniently 
carried out in the following oraer : — 

I. Prelimina^ teeU (compare dry reactions). 

1. The original substance or solution is 
warmed with dilute hydrochloric or sulphuric acid. 
A gas is evolved, carbon dioxide, turning lime 
water milky « carbonate j sulphur dioxide «* evl- 
phite ; hydrogen sulphide, bla^ening lead acetate 

S Butphide (not all) ; nitrous fumes^nitrite ; 
n cyanide, odour of bitter almonds » 

2. The original substance or solution 
warmed slowly with strong solution of sodium 
dichromate slightly acidined, carbon dioxide 
evolved, confirms carbonate in presence of 
sulphite. 

3. Heating with concentrated sulphuric acid . — 
The foregoing gases may be evolved, and in 
addition the following : — 

(a) Colourless i 

Fuming acid gas etching fluoride i 

fuming acid gas not etching » chloride ; odour 
of vinegar « acetate ; carbon monoxide, blue 
flame »/onnafe,/errocyantde ; carbon monoxide 
and dioxide « oxalate ; sulphur dioxide and 
sulphur sublimate «= thiosulphate, 

g ) Colour. 

range vapour, bromine n bromide ; violet 
vapour and hydrogen sulphide » iodide ; nitrous 
fumes nitrite^ mtrate ; oxides of carbon and 
sulphur with charring sa tartrate, citrate, malate; 
yellow explosive chlorine oxide a chloraie. 

4. Heating with alcohol and concentrated 
sulphuric acid, green flame » borate. Before 
performing this test chlorates must be decom- 
posed by Igniting the original substance, other- 
wise an explosion may result. 

6. Healing with concentrated sulphuric acid 
and sand, a colourless gas (SiF«), giving a 
gelatinous precipitate on moist rod, confirms 
fluoride. 

IL Systematic tests. — Before testing a solution 
for acids, boil with excess of pure sodium 
carbonate to remove heavy metals, filter, and 
carefully neutralise with nitric acid. 

1. Barium chloride in neutral solution yields : 
(a) a white precipitate, insoluble in hydro- 
chlorio acid » sulphate, silicofluoride ; (fl) a 
white precipitate, soluble in hydrochloric acid 
a sulphite, carbonate, phosphate, oxalate, borate, 
fluoride, silicate, tartrate ; (y) a yellow precipi- 
tate aa chromate. 

2. To a portion of the neutral solution add 
calcium chloride in excess, allow to stand for 
some time with occasional riiaking, and filter. 
A white precipitate (a) insoluble in acetic acid 
ss oxalate {sulphate in strong solutions) ; (fl) 
soluble in acetic acid « phosphate, borate, and 
other acids precijntated by bwum chloride. 

Calrium tartrate alter waslimg is soluble in 
potash, and is re-precipitated on diluting and 
boiling. 


The filtrate trom the precipitate in the cold 
is boiled for some time and filtered hot ; a white 
jp^ipitate ■■ citrate (malate in strong solutions), 
lire Mtrate from this precipitate is allowed to 
cool and then mixed with excess of alcohol ; a 
white i^ipitate ■■ sueeinate, malate. 

3. Silver nitrate in neutral solution yields : 

(a) A precipitate soluble in nitric acid. 

(1) Wliite » oxalate, borate, tartrate, ben- 
toate, Ac. 

(2) Yellow -a phosphate, arsenite, 

(3) Brick-red arsenate. 

(4) Dark-red » chromate. 

(fl) A precipitate insoluble in nitric acid. 

. ^uble in ammonia : White a chloride (hy- 
pochlorite), cyanide, thiocyanate ; yellowish-white 
a bromide ; orange-red « ferricyanide ; whit^ 
a Jerrocyanide (sparingly soluble). 

Insoluble in ammonia : Yellow » iodide 
black a sulphide. 

4. Ferric chloride in neutral solutions yields : 

(a) A colouration : blood-red » acetate, for- 
mate (precipitate on boiling), thiocyanate (no 
precipitate on boiling) ; violet » salicylate, 
thiosulphate (fugitive) ; bluish -black » tannaie, 
gallate ; greenish-brown » ferricyanide (dark- 
blue precipitate on adding stannous chloride). 

(jS) A precipitate : buff a benzoate, carbon- 
ate ; reddish-brown a succinate ; white a phos- 
phate ; black a sulphide ; bluish- or groonish- 
blaok a tannate, gallate. 

Sulphur acids. (1) Detect sulphate by barium 
chloride, and sulphide by lead acetate, Ac. 
Make part of the solution sightly alkaline with' 
potash, add aino sulphate in considerable ex- 
cess, and filter. Test one part of the filtrate 
for thiosulphate by means of hydrochloric acid ; 
to the other part add acetic acid till faintly 
acid, sodium nitroprusside in small quantity, 
and potassium ferrooyanide ; a pink precipitate 
indicates a sulphite. 

(2) Separation of soluble sulphates, sulphites, 
sulphides, and thiosulphates in neutral solution. 
Precipitate sulphide as CdS, PbS, or ZnS by 
adding cadmium carbonate or lead carbonate 
sludge or zinc chloride solution. Add strontium 
nitrate and leavb for 12 hours ; the precipitated 
strontium sulphate jtnd sulphite separated by 
h;^drochlorio acid, the filtrate contains the 
thiosulphate, decomposed by strong hydro- 
ohlorio acid, giving sulphur and sulphur dioxide 
(Autenrieth and Windaus, Zeitsch. anal. Chom. 
1898, 37, 295). 

Chloride, bromide, and iodide. (1) Place the 
substance in a small flask connected with a 
small bulb U-tube containing a little starch 
paste and placed in a beaker of water. Add 
water and ferric sulphate solution to the sub- 
stance in the flask, and heat to boiling. If 
iodine is present, the starch paste becomes blue. 
Remove the cork, boil with fresh additions of 
ferric sulphate till all iodine is expelled. Now 
add a few crystals of potassium permanga- 
nate, connect with a bulb tube containing 
chloroform, and again boil. If bromine is 
present, the chloroform is coloured brown. Boil 
with edition of more permanganate until all 
bromine is expelled, filter and test filtrate for 
chlorine (Hart, Amer. Chem. J. 1884, 6, 346). 

(2) After iodine has been detected by means 
of nitrc^n oxides in sulphuric acid, evaporate 
part of the solution to dryness with sodium 
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carbonate, fine with ten times its weight of soluble in hot water, from which it crystallises 
potassium dichromate till all iodine is expelled, on cooling ; insoliible in ammonia.^ Hydrogt^ 
place in a email dry retort, and heat with strong svlphide, a black precipitate (PbS), insoluble in 
sulphuric acid. Part of the distillate is agitaM ammonium sulplude (m presence of hydrogen 
wim water carbon disulphide ; if bromine halides, intermediate red compounds are pro- 
is present, the latter becomes orange-red. The duced, e.p. PbS,4PbIs, J. Amer. Chem. ^c. 
remainder of the distillate is neutralised with 1805, 17, 511 ; 1901, 23, 680) ; soluble in nitric 
ammonia, and tested for chromic acid by acidi- acid. Sulphuric acid, a white precipitate 
fying with acetic acid and adding lead acetate. (PbS04), soluble in hot hj^drooMorio acid ; in- 
The presence of chromic acid indicates the pre- soluble in dilute sulphuric acid ; soluble in 
sence of chlorine in the original substance. ammonium acetate (Noyes and Whitcomb, 

(3) A neutral solution of the three halides J- Amer. Chem. Soc. 1005, 27, 747). Potassium 
is treated with potassium iodate and dilute chromate, yellow precipitate (PbCr04), in- 
aoetio acid ; as iodine is liberated, more iodate soluble in acetic acid ; soluble in pot^ium 
is added and the solution boiled until all the hydroxide, 
iodine is eliminated. The solution is mixed Thallittm. 


with half its volume of 5iV-nitrio acid, bromine 

evolved and the solution boiled till colourless 
A little potassium iodide added to destroy the 
iodate in excess, and the solution boiled till 
colourless, then an equal volume of strong nitric 
acid and a few drops of silver nitrate are added, 
when a white precipitate indicates a chloride: 
The strong nitric acid holds in solution an^ 
trace of silver iodate. If thiocyanic acid is 
present, the test for iodine must be made in a 
small ^rtion of the original solution, adding 
sodium acetate as well as acetic acid to depress 
the dissociation of the latter (Bonedikt and 
Snell, J. Amer. Chem. Soc. 1903, 25, 809). 

Other acids must be detected by special tests. 
Iodine, and ferrocyanides and ferricyanides must 
be removed before testing for nitrates. 

To remove iodine, ferrocyanic, ferricyanic, 
and thiocyanic acids, add excess of a mixture of 
ouprio and ferrous sulphates, and filter. To 
remove excess of copper and iron (which is not 
always necessary) heat to boiling, add slight 
excess of pure caustic potash or soda, and filter. 

To remove bromine and iodine, acidify with 
dilute sulphuric acid, and boil with successive 
additions of potassium permanganate until the 
liquid has a faint permanent pimt tinge ; filter. 

To remove hypochlorous and niirovA acids, 
acidify with dilute sulphuric acid, and boil. 
Nitrous acid can also be decomposed by boiling 
with a strong solution of ammonium emoride. 

For an alternative classification of the acidic 
radicals into analytical gro^s, compare T. Milo- 
bendski (J. Russ. Phys. Chem. Soc. 1909, 41, 
1301). 

Special Reactions. 

In the following lists only the most charac- 
teristic and useful reactions have been given ; 
negative reactions, and others not particularly 
characteristic, have, as a rule, been omitted {see 
also Dry reactions). 

Metals. 

The metals are arranged in the order of their 
occurrence in the systematic separation. 

SUver. 

Hydrochloric acid, a white precipitate (AgCl), 
insoluble in hot Avater and in nitric acid ; sohible 
in ammonia and reprecipitated by nitric acid in 
excess. Potassium chromate, a dark-red pre 
oipitate (Ag|Cr04) ; soluble in mineral acids 
and decomposed by caustic alkalis. Potassium 
cyanide, white precipitate (AgCN) soluble in 
excess to KAgfON).. 

Lead, 

Hydrochloric acid, a white precipitate (PbCl^), 


Hydrochloric acid, white precipitate (TlCl), 
only slightly soluble in hot water. * Potassium 
iodide, pale-yellow precipitate (Til), even in 
dilute solutions. Sulphuric acid, no precipitate 
(difif. from Pb). Sodium cdbaUinilrite gives red 
crystalline precipitate (Tl3Co(NOg)4) (J. Russ. 
Phys. Chem. Soc. 1910, 42, 94). 

Tungsten. 

Hydrochloric acid, a yellowish- white pre- 
cipitate (H2WO4), insoluble in excess of the 
dilute acid; soluble in the concentrated acid 
and in tartaric acid ; fragments of zinc added 
to this solution produce a blue colouration. 
Stannous chloride, a yellow precipitate, which 
becomes blue if mixM with nydroohloric acid 
and heated. Ammonium sulphide, no precipitate 
with sodium tungstate, but on acidifying, light- 
brown precipitate (WS,), insoluble in hydrochloric 
acids, soluble in ammonium sulphide. 

Mercury. 

M ercurous compounds. Hydrochloric 
acid, white precipitate insoluble in 

hot water ; insoluble in ammonia, but blackened 
(NHjHggCl). Stannous chloride, grey precipi- 
tate (Hg). Metallic copper, becomes coatM with 
mercury, which can be sublimed. 

Mercuric compounds. Hydrogen sulphide, 
white precipitate, becoming ycUow, red, ana then 
black (HgS) ; insoluble in ammomiim su^hide ; 
appreciably soluble in alkalisulphides(Hg(ISNa)g), 
insoluble in nitiic acid; soluble in aqua rt^ia. 
Stannous chloride, white precipitate (Hg^Clg), 
becoming grey (Hg) with excess of the reagent. 
Potassium iodide, scarlet precipitate (Hgl2), 
soluble in excess. Metallic copper, as mercurous 
salts. For detection of minute traces of mercury, 
as in toxicological inquiries by electrolytic and 
speotroBOopic methods, see Browning (Chem. 
Soc. Trans. 1917, 111, 236). 

Bismuth. 

Hydrogen sulphide, brown pr^pitato (BisSs), 
insoluble in ammonium sulphide ; soluble in 
nitric acid. Ammonia, white precipitate 
(Bi(HO),), soluble in hydrochloric wid. Water 
in large excess (with previous addition of am- 
monium chloride if chlorides are absent), white 
precipitate (BiOCl), soluble in hydrochloric acid ; 
insoluble in tartaric acid. Reducing agents 
(sodium stannite, hypophosphites, hydiosul- 
phites, formaldehyde in alkaline solution) reduce 
bismuth compounds to elemental bismuth. 
Copper. 

Hydrogen sulphide, black precipitate (CuS), 
inuftlnhle in ammonium sulphide and in dilute 
sulphuric acid; soluble in nitric acid and in 
potassium cyanide. Ammonia, blue precipitate. 
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soluble in excess to dark-blue solution. Potos- 
tium ferrocyanide, chooolate<brown precipitate, 
insoluble in dilute acids ; in very dilute solutions 
colouration onlp ; deoompoi^ by sodium 
hydroxide, yield^ blue copper hydroxide. 
Gadmlam. 

Hydrogen sviphide, yellow precipitate (GdS), 
insoluble in ammonium sulphide and potassium 
cyanide ; soluble in nitric acid and hot dilute 
sulphuric acid. Ammonia, white precipitate 
(GaH.Os), readily soluble in excess. Caustic 
•potasri or soda, white precipitate (CdH^Ot) 
insoluble in excess. An ammoniacal solution 
of ammonium perchlorate precipitates white 
nouble perchlorate (Cd(C104),*4N&,). 

Tin. 

Stannous compounds. Hydrogen sul- 
phide, darh-brown precipitate (SnS), soluble in 
yellow but not in colourless ammonium sul- 
phide. Mercuric chloride, white precipitate 
(Hg.Clg), becoming grey (Hg). 

Stannic compounds. Hydrogen sulphide, 
yellow precipitate (SnS|), soluble in ammonium 
sulphide; ^preciably soluble in ammonium 
carbonate (Ber. 1894, 27, 2739) ; soluble in 
concentrated hydrochloric acid; dissolves in 
ac^ueous caustic soda. Stannic chloride, boiled 
with copper becomes stannous chloride. When ; 
zinc and pUUinum are placed in the solution, 
no black stain on the platinum ; crystals of tin 
on the zinc. 

Antimony. 

Hydrogen sulphide, orange precipitate (Sb^Ss), 
soluble in ammonium sulfide and in concen- 
trated hydrochloric acid ; insoluble in ammo- 
nium carbonate. Water in excess (with ammo- 
nium chloride if chlorides are absent), white 
precipitate (SbOCl), soluble in hydrochloric acid 
and in tarterio acid. 2iinc and platinum, a 
black stain on the platinum (Sb), soluble in 
nitric acid and in ammonium sulphide. 

Anenle. 

Hydrogen sulphide, yellow precipitate, soluble 
in ammonium sulphide and in ammonium car- 
bonate ; insoluble in concentrated hydrochloric 
acid. Metallic copper, boiled with the liquid after 
acidifying with hydrochloric acid, is covered with 
a shining grey deposit (As^Oys), which, when 
heated in a tube, yields a sublimate of arsenious | 
oxide (Reinsoh’s test) (Clark, Chem. Soo. 'Irans. 
1893, 63, 884, 886). Nascent hydrogen produced 
from zinc and dilute sulphuric acid reduces 
arsenic compounds to volatile arsine (AsHs), 
w'hich decomposes on gently heating, giving an 
arsenic deposit soluble in aqueous hypochlontes. 
Antimony compounds under these conditions 
also give a black deposit (antimony), insoluble 
in hypochlorites (Marsh’s test). Zinc and caustic 
so^ reduce arsenic oomTOunds, liberating arsine, 
which produces a yellow-to-brown stain on 
merourio chloride paper (Qutzeit’s test, Chem. 
Soc. Trans. 1901, 79, 716). 

Arsenites, Ammonio-silver nitrate, yellow 
precipitate (Ag^AsOg), soluble in nitric acid and 
ammonia. Amrrumio-cupric sulphate, bright- 
gr^ precipitate (CuHAsOg), turns red'’ by 
boiling with caustic soda. 

Arsenates, Ammonio-sUver nitrate, brick- 
red precipitate (Ag2As04), soluble in nitric acid 
and ammonia. Ammonium chloride, ammonia, 
and magnesium sulphate, white crystalline pre- 
cipitate (NHiMgAsO^). Ammonio-eupric suU 


phat^ p^e-blue precipitate, turned black by 
boiling with oaustio soaa. 

When arsenic acid or arsenates are present, 
they should be reduced by heating with sul- 
phurous acid or ammonium iodide or hydriodio 
acid (Bull. Soo. ohim. Belg. 1609, 23, 88) before 
applying hydrogen si^hide or Beinson’s test 
(t^er and Travers, Chem. Soo. Trans. 1005, 
87. 1370). 

Platinum. 

Hydrt^en sulphide, brown precipitate (PtS|) 
on heating, soluble in ammonium .sulphide. 
Ammonium chloride or potassium cMoride, 
yellow crystalline precipitate (MiPtClg), less 
soluble in presence of alcohol. Potassium iodide, 
in dilute solution red colouration (K4Ptl4), 
very delicate test. Stannous chloride, in dilute 
solution, brownish-red colouration, delicate 
test. 

Palladium. 

Hydrogen sulphide, blaok precipitate (PdS), 
insoluble in ammonium sulpnide ; soluble in 
hot hydrochloric acid and in aqua regia. Potas- 
sium iodide, black precipitate (Pdl.), somewhat 
soluble in excess. Mercuric cyanide, yellowish 
white, gelatinous precipitate (PdCy.), readUy 
soluble in ammonia. Ammonium chloride, no 
precipitate (diff. from Pt) ; on addition of chlorine 
water, orange precipitate ((NH4).PdCl4). Potas- 
sium chloride, precipitate (2KCl‘PdCl4) only in 
very concentrated solutions. 

a-Nitroso-j8-naphthol dissolved in 60 p.o. 
acetic acid gives a voluminous red-brown pre- 
cipitate in solutions containing only as little as 
1 part palladium in 1,000,000. 

Iridium. 

Hydrogen sulphide, deoolourisation followed 
by brown precipitate (Ir^Ss). soluble in ammo- 
nium sulfide. Caustic potash, a greenish 
colouration which, on heating with exposure to 
air, obanges slowly to azure blue (diff. irom Pt). 
Ammonium chloride or potassium chloride, duk- 
brown or red precipitate (double ohloride), 
insoluble in a saturated solution of the precipi- 
tant. Both salts become olive green with 
potassium nitrite and other reduemg agents,* 
especially in hot solutions. Strong sulphuric 
acid and ammonium nitrate, on heating, blue 
colouration. 

Osmium. 

Hydrogen sulphide, in acid but not in neutral 
solution, black precipitate (OSS4), insoluble in 
ammonium sulj^de. Nitric acid on boiling 
oxidises osmium compounds to osmio tetroxide 
(OBO4), oharaoteristio odour and yellow solution 
in caustic soda. 

Ruthenium. 

Hydrogen sulphide, blue solution followed by 
brown precipitate of ruthenium sulphide. 
Sodium thiosulphate in ammoniacal solution to 
dilute solutions of ruthenium, a purplish-red 
colouration. Zinc reduces BuCl„ giving a blue 
solution and then precipitating ruthenium. 
Rhodium. 

Hydrogen sulphide, on warming, blaok pre- 
cipitate (RhiSg)* insoluble in ammonium sul-' 
phide ; soluble in boiling nitric aoiii Potassium 
nitrite, warmed with si^um rhodium chloride, 
gives orange-yellow precipitate (K,Rh(NOj)4) 
Gold. 

Hydrogen sulphide, black precipitate (Au^Sg) 
in cold, brown precipitate (Au,S) in hot, solu- 
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tion; soluble in yellow ammonium sulphide. 
Oxalic acid or ferrous sulphate, brown or purple 
preoipiiaiet yellow and lustrous when rubbed. 
Stannous and stannic chlorides, purplish pre> 
cijpitate, insoluble in hydrochloric acid. 
Hydrogen peroxide, in very dilute alkaline solu- 
tion, liberates finely divided gold having a 
beautiful blue shimmer. 

A solution of colourless m-phenylenediamine 
(5 : 1000) gives an immediate violet colouration 
with a dilute solution of a gold salt. 

Molybdenum. 

Hydrogen sulphide, brownish- black precipi- 
tate (MoSs) on heating, soluble in ammonium 
sulphide. Sodium phosphate, in presence of 
nitric acid, yellow precipitate on heating, 
soluble in ammonia ana in excess of the alkaline 
phosphate. Potassium thiocyanate and zinc or 
stannous chloride, red colouration due to 
Mo(CNS) 4 soluble in ether. Concentrated sul- 
phuric acid, when strongly heated with moly- 
bdenum compounds, develops a deep- blue 
colouration. Phenylhydrazine, in 50 p.c. acetic 
acid, red colouration (Ber. 1903, 30, 512). 

Hydrogen peroxide, in presence of ammonia 
gives a cherry-red colouration. 

Selenium. 

Hydrogen sulphide, yellow precipitate, be- 
coming dark on heating, soluble in ammonium 
sulphide. Sulphurous acid, in presence of hydro- 
chloric acid, a red precipitate, wiiich becomes 
grey on heating, and is soluble in potassium 
cyanide. Stannous chloride and other reducing 
agents behave in a similar manner. Barium 
chloride, (i.) white precipitate (BaSeOt), soluble 
in dilute hydrochloric acid ; (ii.) white precipitate 
(BaiSe04), insoluble in dilute hydroc hloric acid ; 
soluble in the strong acid, evolving chlorine. 
Concentrated sulphuric acid, green colouration. 
Tellurium. 

Hydrogen sulphide, brown precipitate (TeS,) 
at once from tellurites, but from tellurates only 
after boiling with hydrochloric acid. Potassium 
iodide, to tellurite in acid solution, black pre- 
cipitate (TcL). Reducing agents (SnCl4,Zn), 
black precipitate (Te). Concentrated sulphuric 
acid, carmine colouration. 

Aluminium. 

Ammonia, white gelatinous precipitate 
(AlHgOs), insoluble in excess and in ammonium 
carbonate ; soluble in acids. Caustic potash or 
soda, white gelatinous precipitate (AlsHOs), 
soluble in excess; reprecipitated on adding 
ammonium chloride and heating. 

Chromium. 

Chromic salts. Ammonia, greenish or 
purplish precipitate (CrHaO,), solume in acids ; 
insoluble in ammonium carbonate. Caustic 
potash or sodji, green precipitate (CrHjOa), 
soluble in excess, but reprecipitated on boiling. 

Chromates, Hydrogen sulphide in acid smu- 
tion, reduction to chromic salt with change of 
colour^ to green. Lead acetate, bright yellow 
palpitate (PbCr04), insoluble in acetic acid. 
Siher nitrate, dark-red precipitate (AgiCr04), 
soluble in nitric acid. 

Iron. 

Ferrous salts. Ammonium srdphide, black 
precipitate (FeS), solifble in acids. Ammonia or 
lausttc potash OB soda, white precipitate, rapidly 
becoming green and then brown. Potassium 
^errocyanide, white precipitate, gradually be- 


coming dark blue. Polassivm ftrrieyanide, 
dark-blue precipitate (Feg(FeCyc)s). Potassium 
ihiocyanale, no reaction. 

Ferric salts. Ammonium blaok 

precipitate (2FeS + S, or Fe,St)> soluble in 
acids. Ammonia or caustic pelash or soda, 
reddish-brown precipitate (FoU,Oa), soluble in 
acids. Potassium ferrocyanide, d^k-blue pre- 
cipitate (Fe4(FeCy4)t), insoluble in dilute aeids. 
Potassium ferricyanide, no precipitate ; greenish- 
brown colouration. Potassium ihiocyanale, 
blood-rod colouration ; not affected by boiling 
or by hydrochloric acid. 

Thorium. 

Ammonia, caustic soda, or potash, white 
gelatinous precipitate (Th(OH)4), insoluble in 
excess. Ammonium or sodium cathonate, white 
precipitate, basic carbonate; soluble in excess. 
Oxme acid, white precipitate |Th(C,04)j|,2H40), 
insoluble in excess and insoluble in mineral acids, 
but soluble in ammonium oxalate. Potassium 
fluoride or hydrofluoric acid, white precipitate 
(ThF4). Potassium sulphate, white crystalline 
precipitate (2KsS04,Th(S04)4,2H|0). 

Cerium. 

Ammonia, white precipitate of basic salt, in- 
soluble in excess. Caustic potash or soda, white 
precipitate (Ce(OH)s), insoluble in excess ; be- 
comes yellow when exposed to air. Oxalic acid, 
white precipitate (062(0304)3), insoluble in ex- 
cess, but soluble in a large qwntity of hydro- 
chloric acid. Potassium sulphate, white pre- 
cipitate even in somewhat acid solutions 
(ObK2(S04)3), insoluble in saturated solution 
of potossium sulphate. Hydrogen peroxide, in 
ammoniaoal solution, orange-brown precipitate. 
Gluoinum. 

Ammonia, white precipitate (QIH2O1), in- 
soluble in excess. Caustic potash or soda, the 
same precipitate, soluble in excess, but repre- 
cipitated on boiling (diff. from Al). Ammonium 
carbonate, white precipitate, easily soluble in 
excess (diff. from Al). 

Qlacial acetic acid dissolves Gl(OH)2 or G100s» 
and the residue, after evaporating to dryness, is 
the basic acetate (Gl40(CH2>C02)4), readily 
soluble in chloroform, ether, acetone, the alcohols, 
and other organic media; dissolves unchang^ 
in glacial acetic acid ; it melts at 283^-284**, and 
can bo sublimed without decomposition. Sodium 
hydrogen carbonate, 10 p.c. dissolves Gl(OH)2; 
dilution to 1 p.c. causes reprocipitation. 
Uranium. 

Ammonia, caustic potash, or soda, yellow pre- 
cipitate^ insoluble in excess, but readily soluble 
in ammonium carbonate. Ammonium sulphide, 
[ brown precipitate, readily soluble in ammonium 
oarbonate. Potassium ferrocyanide, chocolate- 
brown precipitate, readily decomposed by 
alkalis, yielding yellow alkau diuranatm. 
Titanium. 

Ammonia, caustic potash, or soda, or ammo- 
nium sulphide, white precipitate (HgTiOs), 
insoluble in excess ; soluble in dilute sulphuric 
and hvdrochlorio acids, Potassium ferrocyanide, 
dark- brown precipitate. Sodium thiosulphate, 
complete precipitation on boiling. Hydrogen 
peroxide, to a slightlv acid solution of titanium 
sulphate; orange-red colouration ; weakened by 
fluorides. A solution of thymol in acetic acid 
mixed with sulphuric acid gives a more intense 
colouration, also bleached by fluorides. Redue- 
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ing agent* (SnCl| or Zn and HC9) produce a 
violet colouration (Tid,). 

Catechol added to dilute solutions of titanic 
or titanous salts, yellowish-orange colouration, 
very delicate test, but interfered with by mineral 
acids or alkalis (Ber. 1909, 42, 4341). 

Zirconium. 

Ammonia^ ammonium sulphide, caustic soda, 
white gelatinous precipitate, dissolving in dilute 
acid, but less readily after boiling ; precipitation 
prevented by tartaric acid. Oxalic acid, white 
precipitate (Zr(C204)2), readily soluble in am- 
monium oxalate or in excess of oxalic acid. 
Hydrogen peroxide, white milky precipitate 
(Zr^Os), evolving clilorine when boiled with 
hydrochloric acio^. Turmeric paper, moistened 
with acid solution of zirconium ^alt, becomes 
reddish-brown on drying. 

Zinc. 

Ammonium sulphide, white precipitate (ZnS), 
soluble in dilute hydrochloric acid ; insoluble in 
acetic acid and in alkalis. Caustic potash or 
soda, white precipitate (ZuH^Os), soluble in 
excess. Potassium ferrocyanide, white pre- 
cmitate, insoluble in dilute hydrochloric acid 
(Zn-FeCye). 

Manganese. 

Ammonium sulphide, pink precipitate (MnS), 
soluble in dilute hydrochloric acid and in 
acetic acid. Caustic potash or soda, white pre- 
cipitate (MnHjOj), insoluble in excess, becoming 
brown on exposure to air. Boiled with dilute 
nitric acid and lead peroxide (in absence of 
chlorine), a purplish crimson solution of per- 
manganic acid. 

Nickel. 


Ammonium sulphide, black precipitate (NiS), 
somewhat soluble in excess ; insoluble in cold 
dilute hydrochloric acid ; soluble in strong acids. 
Caustic potash or soda, pale-green precipitate 
(NiHgOa)) insoluble in excess. Potassium cyanide, 
precipitate (NiCyg), soluble in excess, forming 
NiCy2,2KCy, which is not altered when boiled 
with exposure to air. This solution, heated 
with excess of sodium hypochlorite solution, 
or mixed with bromine in the cold, yields a 
precipitate of black nickelic hydroxide (NiHgO,). 
Dimethylglyoxime (CHaC(NOH)C(NOH)CH,) 
(Tschugaeff, Ber. 1005, 38, 2520), added to am- 
nioniacal or acetic acid solution of nickel salts, 
scarlet precipitate (distinction from cobalt). 
Dicyanodiamidinc (H. Grossmann and W. 
Heilbom, Ber. 1908, 41, 1878) added to am- 
moniacal solutions of cobalt and nickel salts 
containing excess of sucrose, yellow crystalline 
precipitate (Ni(N4H5C20)2,2H20), the presence 
of cooalt indicated by the reddish-violet colour 
of the solution. 

An alcoholic ammoniacal solution of a- 
benzildioxime gives an intense red precipitate 
C2flH22N404Ni (Tschugaeff, Zeitsch. anoig. 
Chem. 1906, 40, 144; Atack, Analyst, 1913, 


316). 

Cobalt. 

Ammonium sulphide, black precipitate (CoS), 
insoluble in cold dilute hydroohloric acid ; 
soluble in strong acids. Caustic potash, pale-blue 
precipitate slightly soluble in excess, 

forming a blue solution. Potassium cyanide, 
precipitate (GoCy*), soluble in excess, forming 
C)o0y2,4KCy, and when this solution is boiled 
with exposure to air it is changed to KjCoCy^, 


which is precipitated by sodium hypoohloride 
or bromine. Potassium nitrite to dnute acetio 
acid solutions, yellow crystalline precipitate 
(K,Co(N 02)4). NitrosO‘$-naphih6l NO’CiqHs'OH 
(Ilinski and Knorre, Bex, 18, 699) dissmvM in 
dilute acetio acid added to feebly acid solu- 
tions of cobalt and nickel, brick-red precipi- 
tate (Co(NO CioH,* 0)3); solution examined tor 
nickel (Chaplin, J. Amer. Chem. Soc. 1907, 29, 
1029). 

Vanadium. 

Ammonium sulphide, dark-brown solution, 
which when acidiii^ yields a brown precipitate 
(¥284). Ammonium chloride, white precipitate 
of ammonium meta-vanadate (NH4VO1). Potas- 
sium ferrocyanide, in acid solution, a green 
precipitate. If a solution of an alkaline vana- 
date is agitated with hydrogen peroxide and ether, 
the solution acquires a deep purplish-red colour, 
but the ether remains colourless. Mild re- 
ducing agents (SO2, H^S, HBr, alcohol, Ac.) 
reduce vanadates in acid solutions to blue 
divanadyl salts. Strong reducing agents (zinc 
and aluminium with acids) produce a series of 
colour changes — blue, green, and violet. 
Columbium. 

Hydrogen fluoride and potassium fluoride 
produce potassium oolumbo-fluoride, which 
when boiled in aqueous solution yields potassium 
columbium oxyfluoride (KaCb0F.,H20) (solu- 
bility 1 in 12*5 cold water), mineral adds, 
partial precipitation of columbic acid from 
alkali columbates : zinc and acid, blue coloura- 
tion, turning brown; potassium ferrocyanide*, 
greyish-green precipitate. 

Tantalum. 

Hydrogen fluoride and potassium fluoride 
produce potassium tantalonuoride (K/TaF,) 
(solubility 1 in 164 cold water), separating in 
colourless needles. Mineral aoids, white pre- 
cipitate of tantalio acid. Potassium ferrocy- 
anide, reddish-brown precipitate (v. Weiss and 
Landecker, Zcitsch. anorg. Chem. 1909, 64, 66). 

Calcium. 

Ammonium carbonate, white precipitate 
(CaCOs), soluble in acids. Sulphuric add, 
white precipitate only in very oonoentrated solu- 
tions. Ammonium oxalate, white precipitate 
(CaC204), insoluble in acetio and oxalic acids, 
but soluble in hydrochloric acid. 

Strontium. 

Ammonium carbonate, white precipitate, 
soluble in aoids (SrCO,). Ammonium sulphate, 
white precipitate, especially on boiling. Am- 
monium oxalate, white precipitate (§rCs04), 
soluble in bydrochlorio acid ; insoluble In acetic 
acid. Sulphuric add or calcium sulphate, white 
precipitate (SrS04), forming slowly. 

Barium. 

Ammonium carbonate, white precipitate 
(BaCOy), soluble in aoids. Ammonium oxalate, 
white precipitate (BaC204), soluble in hydro- 
chloric acid ; insoluble in acetic acid. Sulphuric 
add or calcium sulphate, an immediate white 
precipitate, insoluble in acids and alkalis. Potas- 
sium chromate, yellow precipitate (BaCr04), 
insoluble in acetic acid. 

Magnesium. 

Sodium phosphate, in presence of ammonia 
and ammonium chloride, white precipitate, 
rapidly becoming crystalline (NH4MgP046H20). 
Forms slowly in dilute solutions, formation 
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bdin^ accelerated 1^ agitation and by rubbing 
the sides of the beaker with a glass rod ; soluble 
in acids. 

PbtMiiimi. 

Chloroplaiinic acid UgPtOle, yellow ci^Btalline 
precipitate (K.PtCl.), somewhat soluble m water, 
insoluble in alcohol. Sodium hydrogen tartrate, 
in neutral or feebly acid solutions, a white crys- 
talline precipitate (KHC4H40«), forming slowly 
in dilute solutions. If the solution contains free 
mineral acids, nearly neutralise with soda and 
add sodium acetate (c/. Winkler, Zeitsch. 
angew. Chem. 1913, 26, 208 ; Analyst, 1913, 

Sodium cobaUinitrite in acetic acid solution, 
yellow precipitate (K.NaCofNO,).). Sodium 
l-amino-fi-naphihol-Qmuphonaie (eikonogen) in 
6-10 p.o. solutions, crystalline precipitate 
(KSOt‘UioH5(NH4)’OH ) ; negative results with 
ammonium and magnesium salts (Alvarez, 
Chem. Soo. Ab.str. 1906, ii. 366). 

Ammonium. 

Ammonium salts are readily volatile. Headed 
wUh lime, caustic potash, or soda, ammonia gas 
is given off, and is recognised by its smell and 
its action on test paper. 

OhloropkUinic and, yellow crystalline pre- 
cipitate ((NHJiPtClg), slightly soluble in water : 
insoluble in alcohol. Sodium hydrogen tartrate, 
white crystalline precipitate (NH4H( >411404), 
forming slowly in dilute solutions. 

Nessler's reagent (K^Hgli and KOH), brown- 
ish-red precipitate or colouration (NHgtT,HaO), 
very deuoate test. Equally delicate is the blue 
colouration which is developed when an ammo- 
nium comnoimd is treated with a solution ef 
phenol ana a hypochlorite (eau de Javel). 
Sodium. 

Flame colouration, intense yellow. 

Although all sodium salts are more or less 
soluble, some dissolve only sparingly, e.g. sodium 
oxalate and sodium a-naphtnylaraine-8-sul- 
phonate. 

Potassium pyroantimonate, white crystalline 
precipitate (NasHiSbiOr'OHiO) (J. Amer. Chem. 
80C. 1909, 31, 634) ; from neutral or slightly 
alkaline solutions. 

Dihydroxytartaric acid, colourless precipitate 
(CO,Na C(OH)a C(OH)4 CO^Na) (Fenton, Chem. 
Soo. Trans. 1896, 67, 48). Solution of bismuth 
nihraie in 60 p.c. potassium nitrite containing 
caesium nitrite, yellow crystalline precipitate 
(6Bi(NO|)4,9C^O|,GNaNO|) ; very ddioate 
test, not interfered with by lithium and metals 
of alkaline earths (Ball, Chem. Soc. Trans. 1909, 
96, 2126). Sodium chloride, obtained by slow 
evaporation of a solution acidified with hydro- 
ohlorio acid, crystallises in distinct cubes. 
Lithium. 

OMoroplatinic acid, no precipitater 

Sodium phosphate, in alkaline solution ; white 
precipitate (LisPO.), soluble in hydrochloric acid, 
not repreoipitated by ammonia except on boiling. 
Lithium chloride is soluble in ethyl or amyl 
alcohol, and in pyridine. Ammonium hydrogen 
fluoride, white precipitate (LiF). 

Goilum. 

Flame colouration, violet. 

Chloroj^inie acid, yellow crystalline pre- 
cipitate (CsiPtCli), insoluble in Doiling water. 
Tartaric acid, ciystalline prMipitate, some- 
what soluble in water. Stannic chloride, white 


precipitate (CsiSnCli). Lead chloride diss6li)ed 
in chlorine toater, yellow precipitate (CssPbClf). 
Cesium carbonate is soluble in alcohol (diff. 
from K, Rb). 

Rubidium. 

Flame colouraiion, violet. 

CMoroplatinic acid, yellow crystalline pre- 
cipitate (Rb.PtClf), insoluble in TOiling water. 
Tartaric acid, white crystalline precipitate, less 
soluble than the caesium compound (Reactions 
of Gs and Rb, v. Wells, Amcr. J. Soi. [3] 43, 17 
and 46, 186, and 266). 

Aoid Radioals. 

The acid radioals are arranged partly in the 
order of the systematic separation and partly 
with a view to brin^ together those acids which 
are commonly assomated or which resemble one 
another in their reactions. In all cases. Unless 
otherwise specified, it is important that the 
solution should be neutral. 

Sulphates. 

Barium chloride, white precipitate (BaS04), 
insoluble in acids and alkalis. 

Sulphites. 

Hydrochloric acid, sulphur dioxide evolved, 
but no sulphur precipitated. Barium chloride, 
white precipitate (BaSOa), soluble in hydro- 
chloric acid. Iodine solution, sulphites are con- 
verted into sulphates. Neutralise, then slightly 
acidify with acetic acid ; add excess of zinc 
sulphate, n small quantity of sodium niiro- 
prusside and potassium ferrocyanide. The preci- 
pitate of zinc feirocyanide has a pink colour. 

Strontium chloride, white precipitate (SrSO,), 
different from thiosulphate SrS20„ being much 
more soluble. 

Hyposulphites (< hydrosulphites,* e.g, NasS.Oi, 
2H2O) owe their technical application to their 
reducing action on indigotin and its sulphonio 
acids — the colour is discharged (indigo-white^. 
Silver nitrate, black precipitate (Ag). Jlfercunc 
chloride, black precipitate Copper sulphate, 
reddish precipitate (Cu and CuaH^), in very 
dilute solution, ooUoidal copper. 

Thiosulphates. 

Hydrochloric acid, sulphur dioxide evolved 
and sulphur precipitated. Silver nitrate, white 
‘precipitate (AgtStO,), rapidly ohanmng to black 
(AgsS), Bolulue in excess of alkidine thiosul- 
phate, forming a muoh more stable solution. 
With sodium nitroprusside, zinc sulphate, and 
potassium ferrocyanidc, the precipitate is white. 
Iodine solution converts soluble thiosulphates 
into tetrathionates, which f^ive no preoipitote 
with barium ohloride. Ferrtc chloride, transient 
violet colouration (Fej|(I^O,),). 

Persulphates (e.g. 

The dry salts evolve oxygm on heating. 
Barium chloride, no precipitate in the cold, on 
warming oxygen evolved and BaS04 precipitated. 
Silver nitrate, black precipitate (silver peroxide). 
Other metallic salts (Fb, Mn, Co, and Ni) yield 
their hydrated peroxides. 

Monopersulphuric acid (Oaro's acid) 
HO'SO|‘0*OH, produced by adding a persulphate 
to cold concentrated sulphuric acid, and pouring 
the mixture on to ice. Aromatic amines (e.g. 
|)-01'CeH4*NH|) give coloured oxidation piodapts 
with TOrsulphates and nitroso- compounds {e.g, 
C^<^4*N0) with Caro’s aoid. 

Thlonle adds (v. Chem. S60. Trans. 1880, 008). 



ANALYSIS 241 


Snlphldit. 

HyarotMofic acid^ in most cases evolution of 
hydrogen sulphide, especially on heating. Lead 
nttraU or acetate, black precipitate (PbS). 
Silver nitrate, black pr^ipitate (AgsS), in- 
soluble in ammonia, sodium thiosulphate, and 
potassium cyanide. Sodium nitropruaeide, in 
alkaline solutions an intense but somewhat 
fugitive violet colouration. 

Phosphates. 

Barium chloride, white precipitate Bas(P04)2, 
soluble in dilute acids. Uakium cMoride, white 
precipitate (Ca3(P04)s), soluble in acetic acid. 
Silver nitrate, yellow j^ipitate ( Ag,P04 ), soluble 
in nitric acid and in ammonia. Pyrophoa- 
phatea and metaphoaphatea give white 
precipitates of their silver salts with silver 
nitrate, but. metaphosphates alone, unlike oitho- 
and pyro-phosphates, coagulate albumin. Mag- 
neaium avlphate, in presence of ammonium 
chloride and ammonia, white ciystalline pre- 
cipitate (NH4MgP046H30), soluble in acids. 
Ammonium molybdate, in nitric acid solution, 
on heating, a yellow precipitate ((NH4)3P04‘ 
12MoOa) soluble in ammonia, and soluble in 
excess of an alkaline phosphate. 

Phosphites. 

Barium chloride, white precipitate (BaHPOs), 
soluble in hydrochloric acid. Silver nitrate, 
precipitate of metallic silver, especially in pre- 
sence of ammonia, and on heatms. Mercuric 
chloride, white precipitate (Hg^Clj), becoming 
grey (Hg). Heated with nitric acid, phosphites 
are converted into phosphates. Heated alone, 
phosphites evolve phosphine. Copper aulphaie, 
pale blue precipitate. 

Hypophosphites. 

HeaM alone, evolve phosphine. Barium 
chloride, white precipitate oiuy in strong solution 
(Ba(H3P03)3). Silver nitrate, metallio silver 
precipitated. Copper aulpkate, brown preci- 1 
pitate, cuprous hydride (CugHi). 

Carbonates. 

Hydrochloric acid, effervescence, with evolu- 
tion of oarbonio anhydride, whioh turns lime 
water turbid. Barium chloride, white pre- 
cipitate (BaCOs), soluble in acids with efferves- 
cence. Mercuric chloride, red precipitate (basic 
carbonate) ; bicarbonates give only a yellowish 
opalescence. Calcium aulphaie, white precipitate, 
immediately with carbonate, but only after 
standing with bicarbonate (Leys, J. Pharm. 
Chim. 1897, (vi.) 6, 441). 

Borates. 

Barium chloride, white precipitate in not too 
dilute solutions, soluble in acids. Silver nitrate, 
in strong solution, white precipitate (AgBO,) 
in dilute solution, dark-grey deposit (Ag^O). 

Mix the solid substance with concentrated 
sulphuric acid in a small crucible, add alcohol, 
and ignite ; the alcohol flame is green, espeoially 
at the edges. Mix the solid substance with three 
parts potassium hydrogen sulphate and one part 
powdered fluorspar, and heat on platinum wire 
in the cold area of the flame; a bright-green 
oolouration (due to BF^) is observed. Turmeric 
pa/per, moistened with acid solution of boric 
acid, becomes reddish brown on drying. 

SUioatsi. 

Solutions of silicates heated with acids, am- 
monium chloride, or ammonium carbonate, 
deposit silicic acid. Dilute solutions must be 


eva^ratsd to dryness, and on treating the 
residue with dilute hydroohlorio acid insoluble 
silica is left. 

Most silicates are insoluble in water ; some 
are decomposed by acids ; others are only de- 
composed by fusion with about four times their 
weignt of a mixture of equal parts of sodium 
and potassium carbonates. 

SUIeofluorldes. 

Concentrated avlphvric acid, in leaden or 
latinum capsule, hydrogen fluoride and silicon 
uoride are evolved. Barium chloride, colourless 
crystalline precipitate BaSiF,. Silioofluoridea 
on heating evmve silicon fluoride, leaving 
residues of metallic fluorides. 

Thorium nitrate precipitates hydrofluosilicio 
acid quantitatively from soluble hydrofluosili- 
cates. 

Oxalates. 

Barium chloride or calcium chloride, white 
precipitate, in.solubIe in acetic acid, but soluble 
in hydrochloric acid. 

Acidify with sulphuric acid, and add potas- 
sium permanganate ; the colour of the latter is 
rapidly and completely discharged. 

Heat the solid substance with concentrated 
sulphuric acid; carbonic anhydride and car- 
bonic oxide are evolved. The latter bums with 
a blue flame. 

Fluorides. 

Barium chloride, white precipitate (BaF,), 
soluble in hydrochloric acid. Silver nitrate, no 
precipitate with soluble fluorides. Concentrated 
aulphuric acid, especially when heated, produces 
hydrogen fluoride, which attacks glam. The 
substance and acid are placed in a small leaden 
or platinum crucible, whioh is covered with a 
watch-glass protected by a thin coating of wax, 
part of whicn has been scratched away so as to 
expose the glass. 

Thorium nitrate added to a solution of an 
alkali fluoride acidified with acetic or nitric acid 
gives a gelatinous precipitate of thorium fluoride 
ThF4. 

Chlorides. 

Silver nitrate, a white precipitate (AgCl), 
insoluble in nitric acid, soluble in ammonia ; 
darkens when exposed to light. Manganeae di- 
oxide and aulphuric acid, evolution of chlorine 
on heating. Potaaaium dichromate and atrong 
aulphuric acid, evolution of chromyl chloride 
on heating. This forms with ammonia a yellow 
solution of ammonium chromate. 

Bromides. 

Silver, nitrate, yellowish-white precipitate 
(AgBr), insoluble in nitric acid ; moderately 
soluble in ammonia ; readily soluble in potassium 
cyanide or sodium thiosulphate. Manganeae 
dioxide and aulphuric acid, orange vapours 
of bromii#, which turn starch paste orange. 
Chlorine water liberates bromine, which <us- 
solves in ether or carbon disulphide, forming an 
orange- brown solution. Bromides heated with 
pr^aium dkhromate and atrong aulphuric acid 
yield bromine, whioh forms a colourless solution 
with ammonia. 

Iodides. 

Silver nitrate, yellow precipitate (Agl), in- 
soluble in nitric acid or ammonia ; soluble 
in potassium cyanide or sodium thiosulphate. 
Manganeae divide and aulphuric acid yield 
violet vapours of iodine, which colour starch 
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pa«t» blue. Chlorine water, bromine water, or 
potaaeium dkhromate in preeenee of hydrochloric 
acid, liberates iodine, which turns starch paste an 
intense blue. The colour diHapj)ears on heating, 
and reappears on cooling. The liberated iodine 
may be agitated with carbon disulphide or chlo- 
roform, ndien it yields a violet solution. Nitro- 
gen oandes in sulphuric acid likewise liberate 
iodine, but do not liberate bromine unless 
added in large excess. 

Cyanides. 

Silver nxiraU, white precipitate (AgCN), in- 
soluble in nitric acid, but soluble in ammonia, 
sodium thiosulphate, or excess of the alkaline 
cyanide. j 

Add ferric chloride and ferrous sulphate ; i 
make alkaline with caustic potash or soda, and I 
Chen acidify with hydrochloric acid. A dark 
blue precipitate of Prussian blue is formed. 

Evaporate the solution with an excess of 
yellow ammonium sulphide to oomfilete dryness 
on a water-bath ; dissolve in very dilute hydro- 
chloric acid, and add forrio ohh^rido; a blood- 
red colouration is produced. 

Most cyanides evolve hydrocyanic acid, re- 
cognisable by the smell, when treated with 
hydrochloric or sulphuric acid. 

Mercuric cyaniae cannot be recognised by 
these tests. It yields cyanogen when heated in 
a closed tube, and is decomposed when heated 
with strong sulphuric acid. 

Feriooyanldes. 

Silver nitrate, white precipitate (AgiFeCyA in- 
soluble in nitric acid and sparingly soluble in 
ammonia ; soluble in potassium cyanide. Ferric 
chloride, dark-blue precipitate (Fc4(Fe0y,),). 
Ferroua sulphate, white precipitate, rapidly In- 
coming blue. Copper sulphate, chocolate-brown 
precipitate (CUjFeOyt), or in very dilute solution 
a brown colouration. 

Ferrioyanldes. 

Silver nitrate, orange precipitate (AggB’cCy,), 
soluble in ammonia ; insoluble in nitric acid. Fer- 
rous sulphate, dark- blue precipitate (B’og(FcCvg)g), 
insoluble in dilute acids ; decomposed by alkuis. 
Ferric chloride, a greenish-brown colouration. 
Thioeyanates. 

Silver nitrate, white precipitate (AgONS), 
soluble in ammonia; insoluble in nitrio aoid. 
Ferric chloride, blood-red colouration, not 
affected by boiling nor by hydrochlorio aoid ; de- 
colourised by merourio oUoride. Copper sul- 
phate, a black preoipitate changing to white 
(Cu,(CNS)i) on standing or addition of a re- 
Quoing agent. Moderamy strong sulphuric acid 
evolves carbon oxysulphide, which bums to car- 
bon dioxide and sulphur dioxide. Cobalt chloride 
and the solution shaken up with ether and amyl 
alcohol, azure-blue colouration (K3Co(CNS)4). 
Cyanates. ^ 

Oobali chloride, in aqueous alcoholic solution, 
blue soluble double salt (KxCo(CNO)4), decom- 
posed by excess of w'ater. 

untrates. 


Sulphuric aoid evolves nitric acid on heating ; 
if metflolio copper is added, red-brown nitrogen 
oxides are given off. 

The neutral solution is mixed with ferrous 
sulphate, and concentrated sulphuric acid is 
poured down the side of the tube so as to form a 
layer at the bottom ; a dark-brown ring is formed 
fit the junction of the two liquids, l^ine and 


bromine must be removed before apjdy^ this 
test, and the liquid must be cold. Nitrate in 
presence of nitrite: destroy nitrite by boiliim 
acetic acid solution with urea or hydrazine sul- 
phate ; then add potassium iodide, starch, and 
a fragment of zinc; then colouration denotes 
nitrat<^ 

Nitrites. 

Stiver nitrate, a white precipitate in concen- 
trated solutions. 

Mix the solution with potassium iodide and 
.•‘iarch and acidify with acetic acid ; a deep-blue 
colouration is produced, owing to the liberation 
of iodine. Nitrites heated with dilute aoida 
evolve nitrogen oxides. Metaphenylenediamine 
hydrochloride, llismarck brown colouration. 

A dilute solution of a-naphthylamine and 
sulphanilic acid acidified with acetic acid ; a red 
colouration of azo- compound (c/. Zeitsoh. 
angew. Ohem. 1900, 235). 

Dimethylaniline hydrochloride, added to an 
acidulated solution containing nitrous acid, gives 
a yellow colour depending on the formation 
of paranitrosodimethylaniline (Miller, Analyst, 
1912, 37, 345). 

Hypochlorites. 

Stiver nitrate, a white precipitate of silver 
chloride. Lead nitrate, a white precipitate be- 
coming orange-red, finally brown. Manganous 
salts, a brown precipitate (MnOs,3;H.O). Indigo 
solution, decolourised even in an alkaline solution. 
Chlorates. 

Warm a small quantity of the solid with con- 
centrated sulphuric acid ; a yellow explosive gas 
is produced with detonations. 

Acidifv the solution with sulphuric acid, add 
indigo solution, and then sulphurous acid or a 
Bulnliite drop by drop ; the colour of the indigo 
is aischarged. 

Perchlorates. 

Concentraied sulphuric acid, no explosive gas. 
Titanous sulphate, perchlorates reduced to 
chlorides. 

Bromates. 

Silver mtrale, white precipitate, AgBrO., 
decomposed by hot hyarochlorio acid with 
evolution of bromine. Barium chloride, white 
precipitate Ba(BrOj)g. Sulphurous acid, bro- 
mine liberated, 
lodates. 

• Silver nitrate, white curdy preoipitate (AglO,), 
soluble in ammonia; reduced to yellow silver 
iodide by sulphurous acid. Barium chloride, 
white precipitate (Ba(IO.),). Sulphurous acid, 
iodine liberated. . 

Periodates. 

Silver nitrate, yellowish-white, red, or brown 
precipitate depending on the acidity of the 
periodate solution. Barium chloride, white pre- 
cipitate. Manganous sulphate, red precipitate 



Calcium chloride, in excess, a white pre- 
cipitate (CaC4H40e), soluble in acids and in 
potash solution. Complete precipitation requires 
time, and is promoted by vigorous agitation. 
Potassium acetate, in presence of free acetic 
aoid, a white ciystaHine precipitate (KHC4H40«), 
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forming dowly in dilute sotations. Silver 
nilraie, a white precipitate, eolable in nitric acid 
or ammonia. If the wmebied precipitate is dis- 
solved in the least possible quantity of dilute 
ammonia, and the solution heated, the test-tube 
is coated with a mirror of metallic sUver. fer- 
sulphate, foUowed by few drops of hydrogen 
peroxide and excess of caustic soda, bluish-violet 
colouration. 

Citrates. 

Oakium chloride, or lime-waler, in excess in 
neutral solution, a white precipitate, 

(Ca,(C.H, 0 ,).) 

only on boiling. Palasaium salts, no precipitate 
Cadmium cMoride, gelatinous white precipitate 
(Cd(C0H|O.)t), insoluble in hot water ; soluble in 
acetic acia (diff. from tartrates)^ Mercuric 
sulphate (6 p.c.), following by potassium perman- 

S enate, white turbidity, mercuric acetone* > 
icarboxylate (halogens should be absent) | 
(Denig^s). ' 

Malates. 

Calcium chloride, no precipitate even on 
boiling, except in strong solutions ; precipitate 
in dinite solutions on adding alcohol. Lime 
water, no precipitate even on boiling. Stiver 
nitrate, white precipitate (Ag|C4H405), which 
becomes grey on boiling. Lead acetate, white 
precipitate (PbCjH40j), which when washed 
melts in boiling water. 

Suecinates. 

Barium chloride, or calcium chloride, no 
precipitate except, after addition of alcohol. 
Feme chloride, reddish-brown precipitate 
(Fe2(C4H404)3), soluble in acids ; decomposed by 
ammonia. 

Benzoates. 

Hydrochloric acid, white crystalline pre- 
cipitate of benzoic acid, slightW soluble in 
water. Ferric chloride, a Dun precipitate 
(Fe,(C4H,04)4), soluble in hydrochloric acid with 
liberation of benzoic acid ; decomposed by 
ammonia. Concentrated sulphuric acid and 
alcohol on heating produce ethyl benzoate, dis- 
tinctive odour. Soda lime: lienzoates heated 
with this reagent are decomposed, evolving 
benzene. 

Salicylates. 

Ferric chloride, intense purple colour ; not 
affected by glycerol ; interfered with by alkalis, 
dilute mineral acids, tartaric, citric, and oxalic 
acids, and certain other substances such as 
borax, sodium phosphate, ammonium and sodium 
acetates. Silv^ nitrate, white precipitate in 
neutral nsolutions. Bromine water, white pre- 
cipitate, which with sodium amalgam yields 
phenol. Concentrated sulphuric acid and methyl 
alcohcl on heating give methyl salicylate (*oil 
of winter-green *). DiazotisM aniline or suh 
phanilic aetd gives an orange azo- compound. 
Acetates. 

Ferric chloride, a dark-red colouration, dis- 
charged on boiling, with pibcipitation of a basic 
ferric acetate. JtSao discharged by hydrochloric 
acid. Heated with strong sulphuric acid, acetic 
acid is evolved. If alcohol is added, ethyl 
acetate is formed and is recognised by the smell. 
Formates. 

SUver nitrate, a white precipitate in con- 
centrated solutions ; the solution or precipitate 
rapidly becomes black (Ag), especially on heat- 
ing. Ferric chloride, a rad colour, discharged 


on boffing, with precipitation of basic fenlo 
formate ; also disohaigM by hydroohiorio acid. 

A solid formate mixed with oonoentrated 
sulphurio acid gives off carbonic oxkle even in 
the cold, but no carbonic anhydride. 

Gallle ael^ 

Ferric chloride, in neutral solutions, a bluish- 
black precipitate or colouration. OekUin or 
aUmmin, no precipitate. Potassium cyanide, 
red colouration, wnich disappem on stand- 
ing, but reappears on agitation in presence of 
air. Caustic soda, green colouration gradually 
darkening, and with excess becoming brownish- 
red. Lime uxUer, bluish-grey precipitate. 

Tannle sold. 

Ferric chloride, bluish-green or bluish-blaok 
precipitate or colouration. Gelatin or albumin, 
yellowish- white precipitate. Potassium cyanuft, 
no colouration. Caustic soda, reddish-brown 
colouration gradually darkening. Irime water, 
grey precipitate. 

Phenol. 

Ferric chloride, violet colouration, destroyed 
by acids. Bromine water, white prQpipitate 
(tribromophonol and tribromophenol bromide). 
Concentrated sulphuric acid and a fragment of 
sodium nitrite, on gently warming, greenish blue 
solution, tum^ red when poured into water, and 
changed again to blue by oaustio alkali. 

PKogaUoL 

Silver nitrate or Fehling's solution, reaiUly 
reduced. Caustic alkalis, brown solutions, rigidly 
darkening owing jto absorption of oxygen. Fotm- 
aldehyde and strong hydrochloric acid, white pre- 
cipitate becoming red, and finally purple. 

Urie aeld. 

Alkali urates reduce silver nitrate, and when 
heated with solid caustic soda, ammonia is 
evolved, and an alkali cyanide is produced. 
Nitric acid: evaporate solution to dryness on 
water-bath, reddish colouration, rendered violet 
by ammonia, and turned blue by oaustio soda 
(Murexide test). 

Quaittitativb Analysis. 

GBAVIMETBIO METHODS. 

A few metals are separated and weighed in the 
mctallio condition, but the majority of metallic 
and acidic radicals are weighed in the form of 
one or other of their compounds. In order 
that a compound may be available for the deter- 
mination of one of its constituents, it should be 
of perfectly definite composition and not highly 
hygroscopic or otherwise liable to alter ; it must 
be insoluble in the liquid in which it is formed, and 
insoluble in an excess of the reagent ; it must be 
easily freed from impurities, and capable of 
being brought into the proper condition for 
weigning^ithout tedious and complicated opeia- 
tions. It is also desirable that the compound 
should contain only a small proportion of the 
constituent to be estimated, since the effect of 
the unavoidable error of experiment is thus 
minimised. An estimation of chlorine in the 
form of silver chloride is more accurate than an 
estimation of silver in the same way, since only 
one-fourth of the error of experiment represents 
chlorine, whilst three-fourths represent silver. 

A description will first be given of a few 
typical gravimetric methods; then an alphv 
hetioal list of metals and acid radicals, with a 
summary of methods available in each case; 
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followed by a eerien of methods of separation of I 
general applicability. Sperial methods for the 
analysis of technical products will be found in 
the articles dealing with these materials. 

OmrsBAr, Methods of Esttmaiion. 

I As Sulphides. 

(a) With previous precipitation by hydrogen 
sulphide. The solution should be moderately 
dilute and distinctly acidihed with HC1» but anv 
largo quantity of this acid must be ayoided. 
Nitric acid and nitrates, which should be absent 
Of far as possible, may be removed by repeated 
evaporation with strong hydrochloric acid, but 
this treatment is not admissible if the metals 
present form volatile chlorides; if jirescnt, a 
much higher degree of dilution is necessary. In 
most cases precipitation is accelerated and the 
preciiiiUte rendered more granular by keeping 
the liquid warm. A current of washed hydroffon 
sulphide is passed through the solution untu it 
is thoroughly saturated, and the flask is closed 
and left in a warm place until tUo precipitate has 
settled. Molybdenum and the metals of the 
platinum group arc only completely prccipi* 
tated after prolonged treatment with the gas. 
The precipitate is protected from air as far as 
possible during filtration, and the liquid used 
tor washing should contain hydrogen sulphide in 
order to prevent oxidation. 

When arsenic is present, the liquid should 
be heated with pure sulphurous acid to reduce 
arsenic acid, and the excess of sulphurous acid 
cx^icllod before treatment with hydrogen sub 
phido. In presence of antimony, tartaric acid 
should be added to prevent co-prcoipitation of 
basic antimony uhloridc. 

When copper is precipitated as sulphide in 
presence of zinc, the cop^r sulphide should bo 
washed once or twice with dilute hydrochlorio 
acid of Bp.gr. 1 Off containing hydrogen sulphide, 
and then with water also containing the gas. 

[fi) With previous precipitation by ammonium 
sulphide. Add to the warm solution a consider* 
able quantity of ammonium chloride, which Is 
found to promote precipitation and render the 
precipitate more granular, then ammonia to 
alkaline reaction, and a slight excess of am- 
monium sulphide. Close the flask and allow to 
stand in a warm place until the precipitate has 
settled. Protect from air as far as powiblej 
during filtration, and wash with water containing 
ammonium chloride and a little ammonium sul- 
phide or hydrogen sulphide. 

The precipitated sulphide is treated in one 
of two ways : it is collected on a weighed filter, 
dricil at a definite temperature and weighed; or 
heated with sulphur in a current of hydrogen, 
aqd then weighed. 

In the first case it is essential to ensure the 
absonee of co*precipitated sulphur, and for this 
purpose the dried precipitate is treated with 
pure carbon disulphide and again dried, or, in 
the case of cadmium, mercury, or bismuth, the 
moist precipitate is treated with a warm con- 
centrated solution of sodium sulphite, again 
washed, and dried. 

When the sulphide is stable at a moderately 
high temperature and is not reduced bv hydrogen, 
Rose’s method is employed. The ary precipb 
Ute is separated from the filter, which w then i 
burnt, and the precipitate and filter ash are in- j 


troduced into a porcelain cmoible and mixed 
with pure finely powdered sulphur. The cmoible 
is provided with a perforatea lid, through which 
passes a porcelain tube connected with a hydro- 
en apparatus. A current of purified and dried 
ydrogen is passed into the cracible, which is 
gradually heated to full redness until excess of 
sulphur is expelled, allowed to cool in a current 
of hydrogen, and weighed 

Non-volatile sulphides may be collected in a 
wideSoxhlot tube and dried tn situ over a ring 
burner at 300®, while a current of pure dry 
carbon dioxide is conducted through the tube. 
This treatment removes both moisture and 
co-precipitated sulphur (Cahen and Morgan, 
Analyst, 1900, 34, 3). 

II. As Ox%de. 

(a) With previous precipitation as‘'hydroxide. 
The solution is mixed with ammonium chloride, 
heated to boiling, and ammonia added in slight 
excess. A large excess of ammonia will partially 
redissolve some of the precipitate, and must be 
exfielled by boiling. The precipitate is washed 
with hot water. 

If ammonia is inadmissible, pure caustic 
potash or soda is used as the precipitant. Excess 
of alkali must bo avoided, and the precipitate 
must be very thoroughly washed, since small 
quantities of alkali are somewhat firmly retained. 

In both cases it is better lo precipitate in a 
porcelain or platinum vessel than in glass. 

Non-volatile carbon compounds, such as 
sugar, glycerol, alkaline, tartrates, and citrates, 
Ao., more or less completely prevent precipitation 
of hydroxides by ammonia or oaustio potash, or 
soda, and hence must first bo removea by calci- 
nation. Moderately strong nitrio acid attacks 
filter paper, forming solmile products, which 
prevent tno precipitation of metallic hydroxides. 

O) With previous precipitalion as carbonate. 
I'ho solution is nearly neutralised, heated to 
boiling, and mixed with a slight excess of sodium 
carbonate, boiling being continued until all 
carbon dioxide is expelled. The precipitate is 
washed with hot water. Ammonium carbonate 
oan be used in some oases, and has the advantage 
of not introducing a fixed alkali. In these cases 
the precipitate would bo washed with water 
containing a little ammonia and ammonium 
carbonate. 

I'be precipitated hydroxide or carbonate is 
I placed in a crucible (with previous separation 
from the filter paper if the metal is easily re- 
ducible), and is ^adually heated to full redness, 
care being taken that no reduoing gases from the 
flame enter the crucible. OxidU of reducible 
metals must be heated in a porcelain crucible, 
but in other oases a platinum crucible may be 
used with advantage. If carbonates (or oxalates) 
are being oonvertw into oxides, it is important 
to secure a circulation of air in order to remove 
carbon monoxide and carbon dioxide aa fast as 
they are given ofif, and thus accelerate decom- 
position. This is done by inclining the crucible 
and placing the lid across the mouth in a slanting 
position. 

III. As reduced Metals. 

(a) In some oases the metal is precipitated 
as oxiile, which is then dried and heat^ in 
hydrogen as in Rose’s method for sulphides, the 
reduced metal being cooled in hydrogen and 
weighed. This method is especiaily valuable 
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when, as in the oaae of cobalt, the oxide obati- 
nately xetaine amall quantitiee of alkali, which, 
however, can leadily bo removed from the reduced 
metal washing with water. 

(0) The other method is to mix the oxide, 
carboimte, Ac., with five or six times its weight 
of ordinary potassium cyanide, and heat in a 
capacious porcelain crucible, at first cautiously 
and afterguards to complete fusion. When re- 
duction is complete, the crucible is allowed to 
cool, and is tapped occasionally to promote the 
oollMtion <Mf the reduced metal in a single button. 
The cyanide is removed by treatment with water, 
the metal washed, dried, and weighed. Care 
should be taken that the metallio button does 
not contain small fragments of porcelain result- 
ing from the corrosion of the cnicible. 

IV. As Sulphate, 

Barium, strontium, and lead are precipitated 
from solutions in the ordinary wav, but other 
metals arc converted into sulphate by treatment 
with the strong acid, the method being only 
availablo when a single metal is present in com- 
bination with a volatile ficid. The highly con- 
centrated solution, or better, the solid substance, 
is mixed cautiously with concentrated sulphuric 
acid in a platinum crucible and then gently 
heated to expel excess of acid, the cmcible being 
inclined and the lid placed in a slanting position 
across its mouth. A large excess of acid should 
be avoided, and care must be taken that the 
temperature is sufficient to expel the excess of 
free acid but not sufficic'nt to decompose the 
sulphate. Sulphates of the alkalis and alkaline 
earths may bo heated to redness. Bismuth 
sulphate and zinc sulphate dccom^se if heated 
above 400^ ; magnesium sulphate is not decom- 
posed at 450^, nor barium or lead sulphate at 
600® (G. H. J^iley). A tem^rature of about 
350® is required to expel the last traces of free 
sulphuric acid. With lead or bismuth sulphate 
a iiorcelain vessel must be used. 

Gravimetric Determination ok Metals 
AND Acid Uadicals. 

Details of operatiozs will be found under 
General Methods of Estirnation, and electrolytic 
and volumetric methods will be mdicated under 
appropriate headings. 

Aluminium. 

(a) As oxide j with previous precipitation with 
ammonium sulphide, ammonium carbonate, or 
as basic acetate (v. Methods of separation). The 
aluminium hydroxide is maintained in its in- 
soluble hydrogel form by w ashing with dilute 
aqueous ammonium mtrate. The hydroxide 
may also be procipitated in a form suitable for 
filtration by boiling the solution of the aluminium 
salt with potassium iodide and potassium iodate 
(Stock, Ber. 1900, 33, 648 ; Compt. rend. 1900, 
130, 176) ; or with bromine water (Jakob, 
Zeitwh. anal. Chem. 1913, 62, 651), when the 
precipitate is compact and not gelatinous. 

(5) Ab phosphate. The solution is nearly 
neutralised, mixed with sodium acetate and a 
small quantity of acetic acid, heated to boiling, 
80 (hum phosphate added in excess, and the pre- 
cipitate washed with hot water, heated, and 
weighed as aluminium phosphate (AIPO 4 ). 
Ibbioiiliim. 

(a) As ptatinidUoride (NHJiPtCU Potas- 
sium), The platinic chloride solution shoukl 


be added before the liquid is heated, and evapo- 
ration should not quite be carried to complete 
dryness. 

(5) By distillation (v. Acidimetr^ ). 

Antimony. 

(a) As sulphide Sb.Sa. The precipitate is 
collected (i.) in a weighed Soxhlot tube on 
an asbestos mat, and dried at 280°-300® in a 
current of carbon dioxide (Analyst, 1909, 34, 8) ; 
or (ii.) in a Gooch crucible and dried in an air- 
oven in an atmosphere of carbon dioxide. An 
fdiquot part is then placed in a porcelain boat, 
and heated in a glass tube in a current of dry 
carbon dioxide until it becomes block, and 
all admixed sulphur is expelled. The loss of 
weight is calculated to the whole quantity and 
deducted from the weight at 100®. 

(5) As oxide Sb^O., with previous predpi- 
tation as sulphide. The sulphide is placed in a 
porcelain crucible and treated with fuming nitric 
acid boiling at 86® until completely oxidim, the 
excess of acid expelled, ana the residue heated 
with partial exposure to air until the weight is 
constant. The sulphide may also be mixed with 
30 to 50 times its weight of precipitated mer- 
ouric oxide and heated cautiously until of con- 
stant weight. A deep capacious crucible with 
a lid having a side tube for the exit of vapours 
has been devised for this and similar estimations. 

For a method of estimating small quantities 
of antimony, as in urine, see Schidrowitz and 
Coldsbrough (Analyst, 1911, 30, 101); Beam 
and Freak {idem, 1919, 44, 196). 

Anenlo. 

(a) As trisulphuie As^lSg, which is dried at 
100°. The dry precipitate should volatilise 
completely when heated. * 

( 0 ) As pentasulphide Asj^Ss. The arsenic is 
oxidised to arsenic acid by chlorine in alkaline 
solution, and the precipitation then effected in 
warm acid solution after decomposing all the 
chlorate (Brauner and Tomicek, Monatsh. 1887, 
8, 642 ; and Ncher, Zeitsch. anal. Chem. 1893, 
32, 45). 

(c) Arsenio acid is estimated {is magnesium 
puroarsenalc Mg^As^O,, in the same way as 
pnosphorio acid {which see). The filter paper is 
moistened with a solution of ammonium mtrate 
and dried before burning, in order to prevent 
reduction (v. Ducru, Compt. rend. 19(10, 131, 
886 ; cf. also Friedheim and Michaelis, Zeitsch. 
anal. Chem. 1896, 34, 505). 

Or the ammonium magnesium arsenate pre- 
cipitate after washing with dilute ammonia, then 
with alcohol to remove free ammonia, is titrated 
with N/2-acid, using methyl-orange as indicator. 
Each 0 . 0 . of N/2-acid is equivalent to 0 01875 
gram of arsenic. 

Barium. 

(a) As sulvhate BaS 04 , by precipitation with 
sulphuric acid (v. Sulphuric acid), 

(6) As carbonate BaCO„ which may bo 
dried at a temperature below dull redness after 
moistening the filter ash with ammonium car- 
bonate Iv, General Methods of Estvmaiion), 

(e) As silicofluoride (v. Methods of Separa- 
tion), 

{d) As bromide (Thome, Zeitsch. anal. Chem. 
1905, 43, 308). 

Blmrath. 

(a) As oxide BiaOti after precipitation with a 
■light excess of ammonium carbonate. In pre- 
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Bence ol chlorides or Bulphates the precipitate 
will contain basic chloriae or sulphate, and in 
this (or in any other) case the bismuth may be 
precipitated as sulphide, which is oxidised in 
the crucible by fuming nitric acid boiling at 86^, 
and then heated. 

(6) As s-idphidn iligHa, which is dried at 100^ 
and weighed at intervals of 20-30 minutes. The 
weight Irst decreases owing to loss of water, 
and then increases owing to oxidation ; the 
minimum weight is taken os correct. 

(c) As metallic bismuth. Bismuth is pre- 
cipitated as metal by adding to slightly acid 
solutions of its salts, formaldehyde and excess of 
caustic soda, boiling and filtering through a 
Gooch crucible, the precipitate being washed 
with alcohol and dried at 106^ (Vanino and 
Treubert, Ber. 1808, 31, 1303). 

(d) Other methods : phoapheUe (Stabler and 
Ncharienberg, Ber, 1005, 38, 3862), double moly- 
bdale (B^Nn^) (M0O4), (Miller and Gruscr, J, 
Anier. Chem. Soc. 1005, 27, 16) ; and bonxildi- 
oxime (Atack) (c/. Strebingor, Chem. Zoit. 
1018, 42, 242). 

Cadmium. 

(а) As sulphide (MS, which is dried at 100°, 
or dissolved in hydrochloric acid, and the solu- 
tion evaporated to dryness with sulphuric acid, 
ttie residue gently ignitc'd and weighed as CdS04. 

(б) As oxide, after precipitating as basic car- 
bonato from boiling solutions by potassium (not 
sodium) carbonate and collecting in a Gooch 
crucible (Amor. J. 8oi. 1006, 20, 456). 

Calcium. 

(а) As oxide (MO, after precipitation with 
ammonium . carbonate or ammonium oxalate 
{v, Utx, Oest. (3iem. Zeit. 1004, 7, 510). In the 
latter case the solution is made alkaline with 
ammonia, heated to boding, and mixed with 
excess of ammonium oxala^. Thu precipitate 
is wasliod with hot watm*, and strongly heated 
until its weight is constant. 

(б) As sulphate (MSG4, by igniting the car- 
bonate or oxalate with pure sulphuric acid; 
or bv heating it with a mixture of amminouium 
sulphate and chloride (Willis and Macintire, 
Analyst, 1018, 102). 

Cerium* V. Bunion and liames, J. Amcr. 
Chem. Soc. 1010, 41, 1080. 

Chromium (in chromic salts). 

(a) As oxi^ after precipitation by 

ammonia, or bettor, ammonium sulphide ; or by 
potassium iodide and iodato (Stock and Massaciu, 
Itor. .1001, 34, 467). When precipitated as 
chromic hydroxide and woighoa after ignition 
as ohromio oxide, care should bo taken to avoid 
oxidation. Ignition in a Rose crucible in a 
current of hy^ogon gives exact results. 

(6) As 'phospmtey 111 the same way as alu- 
minium. 

Chromium (in chromic acid and chromates). 

{a) As oxide Cr^Oa. The solution is neutral- 
ised, heated to boiling, and mixed with excess of 
a neutral solution of mercurous mtrate free from 
nitrous acid. The precipitate is washed with hot 
water containing mercurous nitrate, and heated 
to redness in a porcelain crucible until all mcr- 
ourial vapours are expelled. The mercurous 
chromate yields chromic oxide. 

(b) As chromate^ by preciuitation with barium 
chloride in acetic acid solution (cA Winkler, 
Zeitsoh. Aogew. Chem. 1918, 31, 46). 


Cobalt. 

(a) As meiaUie cdbaU, after precipitation as 
cobaltic hydroxide by caustic soda or potash 
with bromine. The solution must be free from 
ammonium salts, or all ammonia must be 
expelled by boiling. The precipitate retains 
traces of aJkali, and in accurate estimations the 
reduced metal should be washed with water, 
dried, and again heated in hydrogen. 

(b) As s^phale (J0SO4, after precipitation as 
sulphide, which is treat^ with nitric acid and 
then with sulphuric acid. If the heated sulphate 
is at all black, it must be treated again with 
sulphuric acid. 

Copper. 

(a) As cwproua sulphide Gu^S, using Rose’s 
method, with previous precipitation as cupric 
sulphide by hydrogen sulphide or sodium thio- 
sulphate (<!;hem. Zeit. 1805, 10, 1501). 

(b) As oxide, after precipitation by caustic 
potash or soda m absence of ammonium salts. 

(c) As cuprous thiocyanate CuCNS (Rivot, 
Compt. rend. 1854, 38, 868 ; also Amer. J. Sci. 
1902, 13, 20 and 138). Tho warm solution, 
which must contain no free nitric acid, is slightly 
acidified with hydrochloric acid, and mixed 
gradually with an excess of a moderately strong 
solution of equal parts of ammonium or potas- 
sium thiocyanate and ammonium hydrogen 
sulphite. When cold, tho precipitate is collected 
in a weighed Gooch crucible, washed with cold 
water and 20 p.c. alcohol, and dried at 1 10°- 120°. 
The precipitate may also bo converted into 
cuprous sulphide by Rose’s method. Cuprous 
thiocyanate is not quite insoluble, especially in 
presence of much free acid. 

Copper salts arc reduced by iiypophosphorous 
acid, or alkaline hypophosphitos on warming, 
and the reduced copper may bo washed, dried, 
and weighed (Dallimoro, Windisch). 

Glucinum. 

As oxide GIO, with previous precipitation in 
tho cold by slight excess of ammonia or ammo- 
nium sulphide in presence of ammonium chloride, 
but not caustic soda or potash, or ammonium 
carbonate. The basic acetate 0 / glucinum 
[Gl04(CH4COs)s] is readily soluble in chloro- 
form, and can bo distilled uncliauged. 

Gold. 

As metallic gold. Nitric acid is removed 
by evaporation with hydrochloric acid. The 
solution is acidified with hydroohlorio acid, 
mixed with a large excess of ferrous sulphate 
solution, and heated gently for a few hours ; or 
it is acidified with sulphuric acid, mixed with 
oxalic acid, and allowedf to stand in a warm place 
for several hours. Formaldehyde and hydrogen 
peroxide in alkaline solution oan be used 8.8 pre- 
cipitants (Bor 1890, 32, 1968). Nitrous acid is 
also suggested (Jameson, J. Amer. C!hem. Soc. 
1005, 27, 1444). The precipitate is collected on 
a weighed filter, wash^ and dried. 

Iron. 

(a) As /erric oxide Vefiz, after precipitation 
by ammonia, caustic potash or soda, potassium 
iodide and iodate [v. Chromium), or as basic 
carbonate, basic acetate or formate. The oxide 
is heated to redness until its weight is constant ; 
if heated at a higher temj^tiue, it is partially 
converted into feno^ferrio oxide Fe,04. 

(5) Ferrous and ferric salts oan be separated 
and estimated gravimetrioally by means of 
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fcariom carbonate and ftminonium chloride, when 
the feirio salt is decomposed, precipitating ferric 
hydroxide, and the ferrous salt remains in 
solution. 

Lead* 

(а) As atdphaie PbS04. The solution, which 
shotidd not be dilute, is mixed with dilute sul- 
phuric acid and twice its volume of alcohol, and 
allowed to stand, and the precipitate washed 
with alcohol. If the addition of alcohol is in- 
admissible, the solution is evaporated with a 
large excess of dilute sulphuric acid, till fumes 
are evolved. The residue is taken up with cold 
water and quickly filtered on a Gooch crucible ; 
and the precipitate is washed with dilute sul- 
phurio acid and afterwards with alcohol to 
remove all free acid. 

(б) Aa^stdphide PbS, by hydrogen sulphide 
and Rose’s method. 

(c) All oxide PbO, after precipitation by 
ammonium carbonate, avoiding an excess of 
ammonium salts. 

(d) As metal. 

(e) Other methods. As chromate and iodate. 

Mkgnesium. 

(а) ke pyrophosphate VLg^^Q^. The solution 
is mixed with ammonium chloride in sufilcient 
quantity to prevent precipitation by ammonia, 
made strongly alkaline with ammonia, and 
then mixed with excess of sodium phosphate, or, 
better, ammonium phosphate or microcosmic 
salt. Caro should be taken to avoid rubbing or 
scratching the sides of the \esHcl. The liquid 
is allowed to remain for a few hours, filtered, and 
the precipitate washed with a mixture of stroitg 
ammonia (1 part) and water (5 parish until the 
washings give only a faint opalescence with 
silver nitrate after acidifying with nitric acid. 
The precipitation of the double phosphate is 
greatly acoelerated and a granular non-adherent 
product obtained by shaking the mixed solutions 
m a stoppered cylinder. The precipitate is 
dried, cautiously heated in a platinum crucible 
until all ammonia is expelled, and then heated 
to r^ness until the weight is constant. If the 
precipitate is black, owing to partial reduction, 
it is moistened with a few drops of strong nitric 
acid, and again heated until perfectly white. 

(б) As oxide MgO, after precipitation as 
hydroxide by barium hydroxide, or mercuiic 
oxide, or as double carbonate MgCOafNE^l^CO, 
(Zeitsch. anorg. Chem. 1908, 68, 427), the pre- 
cipitate being strongly ignited (v. Zeitsoh. anorg. 
Chem. 1901, 26, 347). 

(c) As pyroarsenate (v. Pyrophosphate, and 
Amer. J. Sci. 1007, 23, 293). 

Manganese. 

(a) As stdphide MnS, by Bose’s method after 
precipitation by ammonium sulphide. 

(b) As oxide Mn,04, after precipitation by 
sodium carbonate, or ammonium carbonate 
(Tamm, Zeitsch. anaL Chem. 1872, 11, 426). The 
hydrated peroxide precipitated by bromine and 
ammonia, on prolonged ignition yields Mns04. 

(e) As pyrophosphate Mn.PjOf. Ammonium 
chloride and microcosmic salt are added in con- 
siderable excess to the cold manganese solution 
followed by a sh’ght excess of ammonia. The 
mixture is then heated till the precipitate be- 
comes silky and crystalline. After oooling for 
30 minutes, the precipitate is collected on the 
Qooch, washexi with very dilute ammonia, and 


ignited (Gooch and Austin, Amer. J. Sci. 1898, 
8, 160), 

(d) As sulphate (Gooch and Austin, Amer. J. 
Sci 1898, 6, 209). 

Mtfeory (in merouvous oompounds). 

As mercurous chloride Hg^Cli. The dilute 
cold solution is mixed with a solution of sodium 
chloride in slight excess, and the precipitate is 
col looted' on a WTighed filter and dried at 100*. 

Mereury (in mercurio oompounds). 

(а) Ab sulphide ligS, which is dried at 100* 
after precipitation by nydrogon sulphide. 

(б) Ab mercurous chloride Hg^Cli. The solu- 
tion is mixed with excess of hydrochloric acid 
and phosphorous acid (made by allowing phos- 
phorus to oxidise slowly in moist air), and allowed 
to remain in a warm place for twelve hours. The 
pn eipitate is collected on a weighed filter and 
oried at 100®. 

For the estimation of mercury as metal by 
the dry method, see (’umming and Macleod 
(Chem. Soc. Trans. 1913, 103, 613). For its 
reduction by zinc filings, see Francois (Compt. 
rend. 1918, 106, 960 ; Chem. Soc. Abst. 1918, 
ii. 276). 

Molybdenum. 

(o) As lead molybdate PbMo04. 
tion is heated to boiling, mixed with excess of 
lead acetate, and boiled for a few minutes. The 
precipitate is washed with hot water, dried at 
loo®, and heated to low redness in a porcelain 
crucible. 

(6) As the oxide M0O3. The solution is 
neutralised with nitric acid, mixed with excess 
of a neutral solution of mercurous nitrate, the 
precipitate washed with mercurous nitrate solu- 
tion, dried, and heated until the weight is con- 
stant. The metal is precipitated as suluhido 
either in acid solution, or an ammoniacal solution 
is saturated with hydrogen sulphide and then 
acidified. The precipitate, collected in a Gooch 
crucible, is roasted to oxide. The tomporaturo 
during ignition should not exceed 426®. The 
conversion of the sulphide into trioxide is com- 

g lcte at 400® ; no further change takes place 
etween 400® and 460®, but above 460* the 
trioxido sublimes. The correct teniporaturo 
(4(X)°-425®) is most readily attained by using 
an electric furnace (Wolf, S^itsch. angow. Chem. 
1918, 31, i. 140). Molybdenite is roaatod to 
form trioxide ; this is extracted with ammonia, 
and the filtrate evaporated and residue ignited 
(Analyst, 1906, 31, 312). 

Nickel. 

(a) As oxide NiO, after precipitation os 
nickclio hydroxide (Ni(OH).) by caustic potash or 
soda with the addition of bromine in absence 
of ammonium salts; or after precipitation by 
ammonium sulphide thoroug^hly saturated with 
hydrogen sulphide, the ni^el sulphide being 
dissolved in aqua r^ia and the solution preci- 
pitated by caustic soda or potash. 

(6) As dimethylglyoximale 

CH, C : NO-Ni-NO : C CH, 

CH,-CJ : NOH NOH : C-CH, 

(Ni ~ 20'31 p.o.). A 1 p.c. alcoholic solutioii 
of dimethylglyoxime (J. pr. Chem. 1908, 77, 44) 
is added to a hot dilute hydrochloric acid solution 
of nickel followed by ammonia in slight excess. 
The red precipitate^ after standing for about an 
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hour, U collected on e Gooch crucible, washed (() As pefchhraU KCIO4. The aolathm 
with hot water and dried at 110^>120^ (Briinck, containing potassium and sodium as cUotides 
Zeitsoh. angew. Chem. 1907, 20,^ 834 ; ibid, is evaporated down with excess of dilute per- 
1014, 27, 315). " chloric acid until all the hydrogen chloride is 

(e) nickel dicjfanodiamidine expelled. The residue is taken im with alcohol, 

Dicyanodiamidine sulphate and caustic aikcui the precipitate collected on a Gooch crucible, 
are added to an ammoniacal solution of nickel washed with alcohol, and dried at ISO** (Amer. 
salt, the yellow nrecipitate collected and dried J. Sci. 1897, 2, 263 ; cf. Davis, Analyst, 1913, 
at 115**. If cobalt is present, hydrogen peroxide 38, 47 ; Thin and Gumming, Tnua. Chem. Soc. 
is first added to tlie ammoniacal solution. 1916, 107, 361 ; Baxter and Kobayashi, J. 
Aluminium and iron are kept in solution by Amer. Chem. Soc. 1917, 39, 249; Gooch and 
means of tartaric acid (Grossmann and Schiick, Blake, Amer. J. Sci. 1917, 44). 

100*7 QOK 01 K.. mi I 


Chem. Zeit. 1907, 31, 336, 911). 


As cobaUinitrite. The solution is evaporated 


(d) Small quantities of nickel may con- and the residue mixed with 3 c.c. of a 60 p.c. 
vemently be estimated by means of a-benzildi- 1 cobaltous chloride solution and 3 0.0. of a 60 
oxime. For details, see Atack (Analyst, 1913, p.c. sodium nitrite solution, and, after stirring, 
318). The method is available in presence of mixed with 2 c.c. 60 p.c. acetic acid. After 
cobalt, iron, manganese, zinc, magnesium, and standing the precipitate is collected on a filter, 
chromium {cf. Strebinger, Analyst, 1918, 361). washed, and treated in a beaker with* excess of 
Platinum. * N/60 potassium permanganate, warmed, 16 c.c. 

As mekd. The solution of platinic chloride sulphuric acid (1:1) added, and the excess of 
free from excess of acid is precipitated by am- permanganate titrated with oxalic acid solution, 
monia, or, better, potassium chloride (v. rotas- The precipitate has the formula K|CoNa(NO|)t) 
siu7n), and the precipitate is filtered by Gooch's and according to theory, 1 c.c. of N/60 per- 
method or through a plug ob thoroughly dried manganate 0*000166 gram KgO ; experiment 
asbestos contained in a weighed tube The shows a better factor is 0 000172 (Wn der 


shows a better factor is 0 0001 72 (Van der 


precipitate is dried, heated to redness in a Horn van der Bos, Analyst, 1913, 294 ; cf. 
current of hydrogen, washed with water to Mitscherlich and Fischer, Analyst, 1912, 37, 
remove alkaline chloride, again dried, and 588 ; Haff and Schwartz, Analyst, 1917, 372). 
weighed. The metal is also precipitated by Bennett (Analyst, 1916, 166) combines the two 
reducing agents {e,g, formic acid, alcohol in methods by separating the potassium as the 
alkaline solution) ; and by metals such as mag- cobaitinitrite and weighing it as perchlorate, 
nesium or 2inc (Chem. Zoit. 1906, 29, 293). Selenium. 

PotaMluin. . As sdenium. The solution is strongly ooidi- 

^ (a) As puilimcMoride K|PtCl«. The solu- fiod with hydrochloric acid, mixed with excess 
tion, which niust contain the potassium in the of sulphurous acid or sodium hydrogen sul- 
form of chloride and be free from acid, is mixed pkite, aiwf boiled for about fifteen minutes, 
with excess of platinic chloride and evaporated The precipitate is collected on a weighed filter 
to dryness on tlie water-bath. The crystalline and dried at a temperature below 100®, Solu- 
residue is washed with strong alcohol, without tions of selenium containing hydrochloric acid 
breaking the crystals, until the washings (which cannot safely be concentrated by evaporation 
at first must bo orange, showing the presence of except in presence of a large quantity of alkaline 
excess of platinum) are colourless. The pre- chlorides, which prevent the volatilisation of the 
cipitate is left in the evaporating dish, and the selenium as chloride. 

u^hings m poured through a small filter. Hypophosphorous acid in alkaline solution. 
When washmg is complete, the precipitate is and potassium iodide in acid solution, have also 
transferred to a weighed porcelain crucible by been recommended as reducing agents (Zeitsch. 
means of a jet of alcohol from a wash-bottle, an^ anoi^. Chem. 41, 448 ; and Amer. J. Sci. 1896, 
alcohol is decanted off through the filter. f4] 1, 416). For a review of method for esti- 
rhe precipitate in the crucible is dried first at mating selenium, see kitsch, anorg. Chem. 1904, 
70 tOi most of the alcohol is expelled, and then 41, 291). 
at 100® for half an hour. The filter is dried. Sliver. 

and any precimtate is detached from the paper As chloride AgCl, or bromide AgBr. The 
u for as possible and added to the contents of solution is acidified with nitric acid^eated to 
the crucible, which is then weighed. The filter boiling, and mixed with a slight excess of sodium 
IS buipt, and the ash allowed to fall into the ( chloride or potassium bromide. Estimation as 


-ui I • u • . , . potassium bromide. Estimation as 

oruciDie, which is again weighed. The increase bromide is to be recommended, since silver 
in weight is filter ash and metallic platinum, chloride is not quite insoluble in pure water. 
The amount of platinichloride corresponding The nreoinitatA in waaVimI with hAf. 


1906, 46, 316; Chem. Zeit. 1906, 30, 684). fusion at the < 
Or wo precipitate of platinichloride is col* burnt and the 
looted. washoQ with alcohol-ether water miTture IH n.rrain wAirrl 


;e8, and weighed. The mter is 
h added to the crucible, which 


leotecL wa^ea with ^cohol-ether water mixture, is again weighed. The increase in weight is 
thendissmved in boiling water, and the solution filter ash and metallic silver. The qua^ty of 

J j^romide or chloride corresponding with the 

to the weight of 


• . ; , mw. VUXVIllUO VWAVOUVIUUilUr WlbO bue 

a few mmutM hydrooUorio acid is added, the latter is calculated and added t^e weight of 
heai^ oratinued until the reduced platinum the precipitate. 

^ coUected. Adlmii is weighed in the form of oUoride 
weighed (Steel, Analyst, together with any potassium which may be 
o, present, and is estimated by difference, or it may 
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be eetimatad diieoUy m lulphete or chloride if 
potaefliam is absent. 

The following reagent precipitates sodium 
even from very dilute solutions, and is not 
interfered with by the other alkali metals or 
by magnesium and the metals of the alkaline 
earths. Three grams of bismuth nitrate and 
30 grams of potassium nitrite are dissolved in 
water contaimng sufficient nitric acid to remove 
any turbidity, a^ut I *6 grams of cesium nitrate 
are added, and the solution diluted with water 
to 100 C.C. The precipitation should be carried 
Dut in a stoppered botue in an inert atmosphere. 
The precipitate, 6Bi(NO,)„dCaNOa,6NaNOg, 
mptains 3*675 p.c. sodium (v. Ball, Chem. Soc. 
iW. 1910, 97, 1408). 

Strontium. 

(а) As sulphate SrS04. The solution, which 
must contain but little free acid, is mixed with 
excess of dilute sulphuric acid and at least an 
3qual volume of alcohol, and the precipitate is 
washed with alcohol. If alcohol cannot oe used, 
i much larger excess of sulphuric acid is added 
ind the precipitate is washed with cold water, 
3ut the results are less exact. 

(б) As carbojiate SrOOa (which must not bo 
leated too strongly) after precipitation by am- 
nonium carbonate. 

According to Winkler (Zeitsch. angew. 
Jhem. 1918, 31, i. 80), the most convenient and 
ixact method of ostimatinu strontium is to 
irecipitate it as oxalate by tne addition of a 10 
).o. solution of potassium oxalate and washing 
vith saturated strontium oxalate solution. The 
irecipitate is dried at 100°, and weighed 
IS Sr(^a04,Ho0, or at 132°, and weighed as 

Tellurium. 

(a) As tellurium, by reducing solutions of 
eillurous or telluric compounds with sulphur 
ioxide and hydrazine hydrochloride (Lenher, 

. Amer. Chem. Soa 1908, 30, 387). Other reduc- 
ig agents have been employed : sulphur dioxide 
nd potassium iodide, hypophosphorous acid, 
nd grape sugar in alkaline solution. 

(b) As dioxide TeO, (v. Amer. J. Sci. 1909, 
.v.)28, 112). 

Thallium. 

(a) As thalloia iodide Til. The solution is 
eated with surphurous acid to reduce all the 
hallium compounds to thallous salts, allowed to 
ool, and then mixed with excess of potassium 
xiide. The precipitate is washed with dilute 
loohol, and oried on a weighed filter at 170° 

Baubigny, Compt. rend. 1892, 113, 644). 

(5) As thaUoua plaiinichloride. This salt is 
ery insoluble, but is difficult to filter (Crookes, 
elect Methods, 4th ed. p. 172). 

Tin. 

As oxide SnO,, which is obtained when tin 
r one of its alloys is treated with nitric acid, 
'he solution is boiled for ten minutes to ensure 
omplete precipitation, and the precipitate is 
igested for an hour with dilute nitric acid 
L : 6) at 100° to remove other metals, washed 
dth hot water, and imited. 

In other cases we tin is precipitated as 
ydrated oxide. If the solution contains stannoiu 
uts, the latter are oxidised by ohlorme or by 
ydioohlorio acid and potassium chlorate, am* 
lonia added until a aight precipitate forms, 
nd hydrochloric acid until the precipitate just 


redissolves. The solution is then mixed with a 
moderately laige quantity of a strong solution 
of ammonium nitrate or sodium sulimate, and 
boiled for some time. The precipitate is washed 
with hot water by decantation and on the filter, 
dried, and heatedL To ascertain if precipitation 
is complete, a small quantity of the filtrate is 
added to a hot solution of ammonium nitrate or 
sodium sulphate. 

If the tin has been precipitated as stannic 
sulphide, the latter is washed with a solution of 
sodium chloride, and finally with a Mlution of 
ammonium acetate, dried, and nfksted in a 
porcelain crucible untU the weight is constant. 
Decomposition is facilitated by adding a small 
quantity of ammonium carbonate. 

In all oases the filter is burnt separately and 
the ash dropped into the oruoible. 

TlUmium. 

As dioxide TiO|, after precipitation by 
ammonia. Usually the substance is dissolved 
in sulphuric acid, or is fused with potassium 
hydrogen sulphate and dissolved in water. The 
solution is diluted largely and boiled for some 
time, when all titanium is precipitated as hy- 
drate oxide, which is rendered anhydrous by 
ignition. The solution should contain 0*5 p.c. 
of free sulphuric acid ; if less, the precipitate is 
impure, if more, precipitation is incomplete 
(L4vy). In presence of iron the results are 
always somewhat too high. 

Baskcrville recommends fusing titaniferous 
iron ores with potassium hydrogen sulphate con- 
taining some sodium fluoride. Th^ product 
is boded with water containing nitric acid and 
then neutralised with ammonia. The precipitate 
is dissolved in dilute hydrochloric acia, avoiding 
any excess. The liquid is then saturated with 
sulphur dioxide and boiled, the precipitate 
being collected, ignited, and weighed as TiO| ( J. 
Soc. Chem. Ind. 1900, 19, 410 ; also J. Amer. 
Chem. Soc. 1903, 25, 1073 ; and 1910, 32, 957). 
Tungsten. « 

As tungetie anhydride WO.. The solution 
containing the tungsten as an alkaline tungstate 
IS neutralised with nitric acid and precipitated 
with a neutral solution of mercurous nitrate. 
The precipitate is washed with a solution of 
mercurous nitrate, dried, and heated in a por- 
celain crucible, when tungstic anhydride is left. 

Fused lead tungstate, when boiled with strong 
hydrochlorio acid, gives a precipitate of tungstic 
acid (Brearley, Chem. News, 1899, 79, 64). 
Uranlam. 

(а) As the oxide 0,0 «. The solution, oxi- 
di^ if neceswtry by nitrio acid, js heated to 
boiling and mixM with a alight excess of am- 
monia. The precipitate of acid ammonium 
uranate is washed with ammonium chloride solu 
tion, dried, and strongly heated. 

( б ) ABthid^opho8phate{\]Oi)fVfij,ohiaiTicd 
by precipitating uranyl ammonium phosphate 
(U0,)(NH4)P04 with ammonium phosphate in 
the pres^ce of ammonium acetate and igniting 
the precipitate at low redness. For the appli- 
cation of this process to uranium minerals, see 
Low's Technical Methods of Ore Analysis, 3rd 
ed. p. 323; and J. Amer. Chem. 8oo. 1901, 23, 685. 

vaDadlimL 

(a) ABhanumi^ovanadate2BnO*yfi^. The 
solution is neutraused with ammonia, heated to 
boiling, mixed with excess of barium chloride, 
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agitated, and cooled quickly out of contact with 
air. The precipitate is washed and heated. 

(h) As manganese fgrovanadaU 2MnO‘VjO,. 
The smution is mixed with a slight excess of ammo- 
nium chloride and ammonia, manganese chloride 
or sulphate mixed with ammonium chloride is 
added in excess, and the liquid is boiled two or 
three minutes and allowed to cool out of con- 
tact with the air. The precipitate, which should 
be brownish yellow and free from oxidation 
products, is washed with cold water and heated. 

(c) As ffrUoxide V.O^, obtained (i.) by pre- 
cipitating oarium or lead vanadate, decomposing 
with sulphuric acid, filtering, evaporating the 
filtrate, and igniting; (li.) by precipitating and 
igniting mercury vanadate ; (iii.) by precipitating 
ammonium vanadate by ammonium chloride 
and igniting the precipitate. 

For other methods of estimating and separat- 
ing vanadium, v. A. Carnot, Compt. rend. 104, 
1803 and 1850; Chem. Soo. Abstr. 1887, 890; 
Chom. Zeit. 1905, 29, 392 ; Amer. J. Sci. 1910, 
30, 220. 

Zine. 

{a) As oxide ZnO, with previous precipitation 
by sodium carbonate in absence of ammonium 
SMts. 

(6) As sulphide ZnS, by Uoso^s method after 
precipitating with ammonium sulphide. 

The filtration of the zinc sulphide may be 
promoted by precipitating in the presence of 
ammonium acetate or thiocyanate, and wasliing 
with a 6 p.o. solution of either of these salts. 
If mercuric chloride is added to the solution, 
the mixed precipitate of mercuric and zinc 
sulphides filters much bettor than the latter 
alone ; the forfnor is expelled on ignition. 
Zirconium. 

Zirconium is quantitatively prccqnlatcd 
by ammonium phosphatio from solutions which 
are either neutral or contain up to 20 p.c. 
of sulphuric acid. The precipitate is calcined 
and * weighed as pyropnospnate, the factor 
for conversion to ZrO. being 0 487. The 
method may be used for the estimation of 
zirconium in presence of iron, chromium, and 
aluminium, but an acidity caual to 20 p.c. 
sulphuric acid is necessary if the first two arc 
present, or 10 p.o. if only aluminium is present, 
in order to avoid simultaneous precipitation of 
these metals (Nicolardot and Regladc, Compt. 
rend. 1919, 108, 348). 

Acid Radicals. 

Carbonio acid. 

The estimation of carbon in carbonates may 
be made by a loss in weight method. The car- 
bonate is weighed into an apparatus fitted with 
a stoppered dropping funnel containing acid 
to decompose the cai^onato, and an exit tube 
containing strong sulphuric acid to dry the 
escaping gas. The apparatus is weighed with 
the aoios, &o., after the carbonate has been 
introduced. The acid is then allowed to drop 
on the carbonate until the decomposition is 
oomplete, and the liquid boiled to expel dis- 
solved carbon dioxide. The apparatus is again 
weighed and the loss o! weight gives the 
amount of carbon dioxide. The apparatus is 
^ured in most treatises on quantitative analysis. 
More accurate results are obtained by weigl^g 
the carbon dioxide directly by absorbing it in 


weighed tabes containing soda limAr in bulbs 
containing aqueous caustic potash. For a ooi^' 
plete form of apparatus for this estimation, see 
Thorpe’s Quantitative Analysis, 9th ed. p. 86, 
and Clowes and Coleman’s Analysis, 8tii ed, 
p. 104. 

When carbonates and sulphides occur to- 
gether, the gases evolved on treatment with 
acid are pons^ into a solution of copper acetote 
acidified with acetic acid and heatea to boiling. 
Hydrogen sulphide is absorbed, with forma- 
tion of copper sulphide, and carbon dioxide 
passes on. 

For a convenient apparatus for determining 
small quantities of canion dioxide, see Sinnatt 
(Analyst, 1913, 136). As shown by Morgan *a 
solution of phosphoric acid may convemently 
replace tho hydrochloric or sulphuric acid 
usually employed (Proc. Chem. Soc. 1904, 20, 
167). 

For tho estimation of carbon dioxide in the 
presence of mtrifes, sulphides, and sulphites, see 
Marie, Chem. Soc. Trans. 1909, 1491 ; and 
Wolkowitz, Zeitsch. angew. Chem. 1894, 165. 

Chloric acid. 

Any chlorine jiresent as chloride is deter- 
mined, tho chlorate reduced by a zinc-copper 
couple, and the chlorine again determmed. 
'I’hc diflercnce is the amount of chlorine existing 
as chlorate (Thorpe, ('hem. Soo. Trans. 1873, 
541). Thin granulated zinc is washed with 
caustic soda solution, then with dilute sulphurio 
acid, which is allowed to act for a short time, 
and finally with water. It is then covered with 
about 100 c.o. of a 3 p.o. solution of copper 
sulphate heated to 40*-50®, When most oi the 
copper has been deposited, the liquid is carefully 
poured oil, and ticutment repeated with a fresh 
quantity of solution. Tho zinc-copper couple 
IS now very carefully washed with distilled water 
by decantation, not more than 0*5 gram of 
potassium chlorate, or the equivalent quantity 
of any other chloi-ate, is weighed out into the 
beaker and dissolved in about 25 c.o. of warm 
water, which should just cover the couple. 
The liquid is heated gently for half an hour, tnen 
boiled for half an hour, dilute sulphuric acid 
added drop by drop until the white precipitate 
of zinc hydroxide and oxychloride just dissolves, 
filtered, the filtrate neutralised with pure calcium 
carbonate, and .the chlorine estimated by 
standard silver nitrate solution (Chem. Soo. 
Trans. 1888, 166). 

This reduction may also be effected by 
Devarda’s alloy (A1 45, Zn 5, Cu 50). Jannasen 
recommends hydroxylamine sulphate and excess 
of mtric acid as a suitable reducing agent for 
chlorates while bromates and iodates are best 
reduced by hydroxylamine in ammoniaoal solu- 
tion (Ber. 1005, 38, 1576). Formaldehyde in 
dUuto nitrio acid reduces chlorates in 30 minutes 
and bromates in 2} hours; iodates are not reduced 
(Griitzner. Aroh. Pharm. 1896, 294, 634 ; com- 
pare Brunner and Mellet, J. pr. Ghem. 1908, 77, 
33). 

Hydrobromle, hjdfoehlorie, and hydrlodle 

Ax silver salts (AgBr, AgQ, Agl). The solu- 
tion is mixed with excess of silver nitrate, 
acidified with nitrio acid, and heated to boiling. 
The pxeoipitate is treated exactly as in the esti- 
mation of silver. 
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Ltha coi •voWed ia led into two or three bulb 
^(a) As calcium fluoride OaFg, in the case of y-tuoes oontainii^ a solution of bromine in 
sfutable fluorides. The solution is mixed with mlute hydroohlorio acid, which converts the 
a moderate excess of sodium carbonate, heated hydrogen sulphide into ^phurlc acid. When 
to boiling, and mixed with excess of calcium decomposition is complete, tne liquid in the flask 
chloride. The precipitate is washed, dried, and b boiled, and the last traces of the gas are drawn 
heated to redness in a platinum crucible, then through the bulbs by means of an aspirator, 
treated with excess of acetic acid, evaporated to The contents of the bulb tubes are transferred 
dryness, and heated to expel excess of acid. The to a beaker, boated to expel bromine, and the 
pr^uot is now heated with water, and the in- sulphuric acid precipitated bv barium chloride, 
soluble calcium fluoride filtered off, washed, and Sulphides which are not decomposed by hy- 
heated. drochloric acid may be oxidised with ^gua regia, 

(6) Indirectly as silicon fluoride SiF 4 . The hydroohlorio aoid and bromine, or hyarochlorio 
finely powdered solid substance is placed in acid and potassium chlorate, the sulphuric aoid 
a deep platinum crucible and covered with three formod being weighed as barium sulphate, 
or four times its weight of pure precipitated silica. Nitric acid. 

the weight of which is accurately kpown. Sul- (a) Indirectly, as ammonia, by means of the 
phurio acid is then added, and the crucible gently zinc-copper couple (Thorpe). A zino-copper 
heated for half an hour. The temperature is couple •(u. Chlortc acid) is made in a flask into 
raised to expel most of the sulphuric acid, the which is weighed a quantity of the nitrate cor- 
residue treated with hydrochloric acid, washcil, responding with not more than 0*5 gram of 
dried, and heated. The hydrofluoric aoid is potassium nitrate, and sufficient water is added 
calculated from the loss in weight of the silica : to just cover the couple. The flhsk is attached 
4HF a SiOj. The amount of silica in the sub- to a condenser, tb'o other end of which is Con- 
stance must be kno^vn, and its weight added to nccted with a y-tubo or flask containing hydro- 
that of the admixed silica. chloric aoid, as in the estimation of ammonia. 

(c) By distxllaiion and weighing ac calcium The liquid is gently heated for some time, and 
fluortdt. The fluoride is decompose by concen- then distilled nearly to dryness. After cooling, 
trated sulphuric acid in a platinum apparatus; a further ouantity of water is added to the couple, 
the hydrogen fluoride carried off in a current of and distillation repeated. The ammonia in the 
air and carbon dioxide and absorbed in a solution distillate is estimated as platiniohloridc, or is 
of pure caustic soda contained in a platinum received in a measured volume of standard acid 
dish. Calcium chloride is added to this solution and titrated. The reduction can also be coii- 
and the precipitate (CaCO, and CaFJ washed, venicntly effected by the use of Dovarda's alloy 
ignited, and treated with dilute acetic acid in {v. Chloric acid) in alkaline solution (Analyst, 
moderate excess. After evaporation to expel 1010, 3.5, 307). 

this excess of acid, the igskIuo is taken up with (6) Schloesiiu/a method. Whefl a solution of 
waterand the insoluble calcium fluoride collected, a nitrate is heated with an acid solution of a 
washed, and ignited (Jannasoh and Rdttgcn, ferrous salt, the nitrate is decomposed, the 
Zeitsob. anorg. Chem. 1895, 9, 207). The whole of the nitrogen being evolved as nitric 
apparatus employed is figured in Jaiinasch’s oxide, which is measured. The difficulty lies 
FVaktischer Leitfaden der Gowichtsanalyse, mainly in obtaining the nitric oxide free from 
2nd ed. 411 (compare also J. A men Chom. air. The apparatus employed consists of a small 
Soc. 1901, 23, 825 ; and Chera. Nows, 1905, distilling flask provided with a side tube which 
92, 184). terminates under a gas -collecting tube in a mor- 

(d) Directly as silicon fluoride (Fresenius). curial trough. The neck of the flask is fitted 
The mineral is finely powdered and intimately with a cork, which carries a tube funnel provided 
mixed with ignited quartz and heated with con- with a stop-cook and another tube connected 
centrated sulphurio acid in a dry y-tube at with a carbon-dioxide apparatus. Carbon di- 
1M°-160”. A current of dry air free from carbon oxide free from air is passed into the apparatus 
dioxide is drawn through the decomposition tube until all air is expelled and the gas issuing from 
and thenoe through a series of five y -tubes, the exit tube is completely absorbed by caustic 
The first of these is empty and cooled by im- potash. The substance containing the nitrate, 
mersion in cold water ; the second contains glass- which must be in the solid condition, is dissolved 
wool, or, if the substance contains chlorine, half in 2 or 3 o.c. of concentrated ferrous chloride 
is filled with pumice impregnated with anhydrous solution, mixed with 1 o.c. of strong hydroohlorio 
copper sulphate, and the other half with pure dry aoid, and introduced into the flask by means of 
calcium emoride. The third and fourth tubes the funnel tube, care being taken that no air 
‘are weighed and serve to absorb the silicon enters. The dish and the funnel are rinsed with 

fluoride ; the third contains pumice moistened very small quantities of acid, the object being 
with water, and the fourth contains soda lime to use ^ little liquid os possible. The contents 
and calcium chloride. The fifth tube is a guard of the flask arc then rapidly boiled to dryness, 
tube oontaining the same reagents as the fourth, the evolved gas being collected in the tube over 
After one or two hours the decomposition of the mercury, and carbon dioxide is driven through 
fluorideiscomplete,and thegain inwei^tof the the apparatus to expel all nitric oxide. The 
abaorotion tubra represents the amount of silicon mixture of nitric oxide and carbon dioxide is 
fluoriae generated. This process may be ren- transferred to an apparatus for gas analysis ; the 
deied vommetrio («. Volumetric section), latter absorbed by caustic potash, and the former 

Hydroffon sulphide (sulphides). mixed with oxygen and absorbed by alkaline 

InBolubile sulphides areaecomposed by hydro- pyiogalloL Nitntes are converted into nitrates 
ohlofio acid in a flask MimilAf to that used in by addition of bjrdxogen peroxide during evapo- 
the gravimetric estimation of carbonic aoid, and ration of the original solution (v. Warington, 
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Ohem, Soo. Tram. 1880, 468, and 1882, 
345). 

(e) By standard indigo solution (Warington, 
Chem. News, 35, 45, and Cbcm. Soo. Trans. 
1879, 578). 

(d) As 1 : 4~diphenyU3 : 6-Hdanilodihydro- 
triazoie nitrate A 10 p.c. so- 

lution of the base 1 : 4-dipheayl-3 : O-endanilo- 
hydrotriazole * Nitron,' 

■N 


ill 5 p.o. aoetio aoid produces a voluminous 
white precipitate in dilute nitric aoid or nitrate 
solution. Nitrites interfere by giving a sparingly 
soluble salt with this base ; they are removed 
by hydrazine sulphate. Bromides, iodides, 
omorates, perchlorates, and chromates, are also 
precipitated by nitron, and must be removed. 
Organio matters do not seriously affect the 
method, which has been tested successfully 
with solutions containing 0*5 p.c. of gelatine, 
and 2 p.o. of dextrin (Busch, Bcr. 1905, .38, 
801). The method gives favourable results for 
nitrates in water or fertilisers (Collins, Analyst, 
1907, 32, 349). 

(e) llowaid and Chick have shown that 
citiohonamine gives a very insoluble nitrate and 
can be used m estimating nitric acid and its 
salU (J. Soo. Chem. Ind. 1009, 28, 53). 

Oxalic acid. 

As cakium oxalate. 'I'he method is already 
indicated under Calcium. 

Phosphoric aoid. 

As magnesium pyrophoapJiale Mg^P^O,. The 
operation is conducted as in the estimation 
of magnesium. If magnosiuin sulphate is used 
as the precipitant, the precipitate may be con- 
taminated with basic magnesium sulphate ; it is 
therefore advisable to employ a solution of the 
chloride, which is made as follows : 85 grams of 
orystaUised magnesium sulphate are dissolved in 
boiling water, aciditied with 5 o.c. of hydrochloric 
aoid, mixed with an aqueous solution of 82 
grams of crystallised barium chloride, boiled, and 
altered. A few drops of magnesium sulphate 
solution are added to bo sure that there u no 
excess of barium, then 105 grams of pure am- 
monium chloride, and 200 o.o. of ammonia, and 
the solution diluted to 1 litre. After two or 
three days the solution is filtered. In many 
oases the phosphoric acid is first separated by | 
ammonium molybdate (i;. Methods of separaiiov^. 
SUloic acid. 

As siliea SiO,. Soluble silicates are acidified { 
^vith hydroohlorio aoid and evaporated to oom» 
plete dryness ; moistened with strong hydro- 
chloric aoid, again evaporated twice to dryness, 
so as to agglomerate the silica, the residue ti'eated 
with dilute acid, and the insoluble silica washed 
with hot water and igiutod. 

Insoluble silicates are very finely powdered, 
intimately mixed with about five times their 
weidht of a dry mixture of sodium and potassium 
carbonates in equal proportions, and heated to 
redness in a platinum crucible for half an hour. 
The cooled mass is treated with water, acidified 
with hydroohlorio acid, and evaporated as 
above. 

(For the separation of silica when the alkalis 




C.H.-N 


have to be estimated, v. Methods dj sepasaiion. 
Group VI.) 

Sulphnrie aeld. 

As barium sulphate BaSO^, by precipita- 
tion with barium chloride. The chief diffi^ty 
arises from the tendency of the barium sulphate 
to separate in a finely divided condition and to 
carry down impurities, especially in presence of 
nitrates and potassium salts. These sources of 
error are avoided by taking care that the solution 
is somewhat dilute, is free from nitrates, and 
contains a moderate but not excessive quantity 
of free hydrocblorio acid. The solution and the 
barium chloride solution should both be heated 
to boiling, and mixed gradually, viiih continual 
agitation. The liquid may be filtered as soon as 
it has become clear, and the precipitate is washed 
with hot water and heated to dull redness. If 
too little hydrochloric acid is present, the pre- 
cipitate is liable to be impure ; if a very large 
excess of the acid is present, precipitation is not 
quite complete (compare Allen and Johnston, 
J. Amcr. Cnem. Soc. 1910, 32, 588). 

Sulphurous acid. 

Indirectly as barium sulphate after oxidation 
by bromine water, excess of bromine being ex- 
pelled by boiling. 

Thlosulphurlo acid. 

Indirectly as barium sulphate after oxidation 
by bromine water, excess of bromine being cx- 
pi*lled by boiling. 

Water is usually estimated by difference. If 
a direct determination is required, the method 
I to be adopted will depend upon oiroumstancos. 
In many oases it is sufficient to heat the substance 
I on a watch-glass, or in a crucible m a drying 
oven, at a definite temperature, until the weight 
is constant. BuHng weighing the dried sub- 
stance must be carefully protected from the 
air. Attention must, however, be paid to the 
possibility of the volatilisation of substances 
other than water. Many hydrated haloid salts, 
for example, lose part of their aoid. In such 
cases the substance is previously mixed i^ith 
a known weight of perfectly dry lead monoxide. 
Ammonia, ammonium salts, and volatile organio 
matter may also be given off. If the drying is 
conducted in a glass tube, the vapours may be 
led into standard aoid and the ammonia deter- 
mined by titration : the total loss, minus the 
ammonia, gives the amount of water. Some 
substances increase in weight in consequence of 
oxidation. Frequently it is desirable to collect 
the evolved water and weigh it directly. The 
substance is introduced into a glass tube (plain, 
or with a bulb in the middle) drawn out and 
bent at right angles at one end, which passes 
directly, without any intervening indiarubber 
tube, through the cork of a |J-tul>e conteining 
either calcium chloride or pumice moistened 
with strong sulphuric aoid (v. Oboanic analysis). 

In certain cases the water may frequently 
be estimated with considerable accuracy by 
boiling the substance with paraffin oil and 
measuring the expelled water in a graduated 
tube (c/. Huntly and Coste, J. Soo. Chem. Ind. 
1913, 32, 62; CampbeU, ibid, 1913, 32, 67; 
Skertchley, ibid, 70 ; St. von Haydin, Anidyst, 
1913, 177 ; Michel, Analyst, 1913, 207). 

All fluosilioates, even topaz, evolve aiUcon 
fluoride on ignition, and water is estimated by 
mixing the mineral with lead oxide in a hard 
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ISlMi tab*, k&ting tht miiton In « current of orj 
air and passing the saaea over a layer of*lead 
oxide oontained in the same tube. The water 
is collected and weighed in calcium chloride tubes 

Methods ov Separation. 

A. The Eniimation of the Meiais in their Ores 
and Alloys, 

In this section the metals are arranged in the 
order in which they occur in the qualitative 
groups. Both gravimetric and volumetric me- 
thods are included in this description, the 
latter being indicated wherever possible, owing to 
the greater rapidity with which the analysis can 
be executed. 

Qrottp I. 

Silver is separated from all other metals by 
treating its ores and alloys with moderately 
strong nitrio acid, evaporating off excess of 
solvent, diluting with water, and adding to the 
filtered solution either hydrochlorio acid or 
sodium chloride. To remove any lead or thallous 
chloride which may be present, the precipitate 
is extracted repeatedly with warm water ; it 
should, however, be remembered that silver 
chloride is not absolutely insoluble in hot 
water. Silver is conveniently estimated volu- 
metrioally in the above dilute nitric acid solution, 
after boiling off nitrous fumes, by adding ferric 
indicator and titrating with standard ammonium 
thiocyanate in accordance with Volhard*a method 
{see Volumetric section). The presence of 
other metals having colourless salts does not 
interfere with this process ; nickel, cobalt, and 
copper must not be present to any large extent, 
and mercury should be absent because of the 
insolubility of mercuric thiocyanate. When more 
than 60 p.o. of copper is present, the silver is 
precipitated with excess of alkali thiocyanate. 
The well- washed silver thiocyanate is decomposed 
by strong nitrio acid, the sulphuric acid produced 
precipitated by barium nitrate, and the Volhard 
titration effected without filtering off the barium 
sulphate (v. Bor. 1905, 38, 660). 

The silver in argentiferous galena is estimated 
by fusing the sulphide with crude potassium 
hydrojgen tartrate (argol), and sodium carbonate 
in an iron crucible, and by heating the lead-silver 
button thus obtained in a porous bone-ash cru- 
cible (< cupel ’) until the lead is removed as 
oxide, partly by volatilisation and partly by 
absorption into the cupel. The residual silver 
is detached from the cold cupel and weighed. 

Gold quartz is assayed for silver by heating 
the mineral with lead oxide, and a reducing flux, 
when the lead produced extracts both the gold 
and silver. This alloy is cupelled, and the silver- 
gold button is * parM * by heating with strong 
nitric acid diluted with three parts of water ; the 
residual gold is collected, ignited, and weighed. 
The silver is precipitated by hydrochloric acid 
from the nitrio acid solution. When more than 
30 p.o. of gold is present in the button before 
parting, this metal will retain silver. In order to 
prevent this retention, a known wei^t of silver 
u added to the fused button. (For further 
details of the separations of gold, silver, and lead 
in the dry way. see Assaying.) 

ThalUum, in the more stable thallous oon; 
dition to which thallic salts are readily reduced, 
is separated from the metals of Group IT. by 


precipitating the latter with hydrogen sulphide 
In a<^ solution. Alkali hvdroxides separate it 
from all motals, giving insoluble hydroxides, and 
ammonium sulpmde, which precipitates thallous 
sulphide, separates this metal from the alkalis 
and alkaline earths. Gravimetrically, thallium 
can be weighed as a<^ sulj^ate TlHSOi, stable 
at 240*, and as sulpnate 1^1804, stable at low 
red heat; it can be preoipitatw and weighed 
as iodide Til. platinichloride TliPtGl,, and miro- 
mate TI4OO4. Volumotrioally, it can be esti- 
mated by the oxidation of thallous salts by per- 
manganate or by titrating with thiosulphate the 
iodine set free in accordance with the following 
reaction: TIGI3 f 3K1 « Til + 3Ka -f I* (Chem. 
Soo. Proo. 1008, 24, 76). 

Group II. 

Mercury in its ores is generally estimated by 
distillation with quicklime in a current of ooal 
gas or carbon dioxide. The decomposition of 
the morcu^ compounds is facilitated by mixing 
copper strips with the quicklime, and the pre- 
sence of this reducing agent is essential in the 
ouse of mercuric iodide. The mercury which 
distils over is collected under water, washed, 
dried, and weighed. Ores containing only small 
amounts of mercury arc dooomposed by heating 



with iron filings m a porcelain crucible, a, having 
a silver lid,/, which is cooled by a water-jacket, 
b, laid upon it. The mercury condenses on the 
under surface of the silver plate, /, which is 
weighed before and after the experiment (e. 
Holloway, Analyst 1906, 31, 66). 

Mercury is separated from all other metals 
in the wet way by dissolving the ore or alloy in 
nitrio acid or aqua regia, diluting considerably, 
precipitating the Hulphides of Group IT. by hydro- 
gen sulphide, removing the arsenio-tin sub-group 
by means of yellow ammonium sulphide (not 
sodium sulphide or hydroxide), treating the 
residual sulphides with dilute nitrio acid (sp.gr. 
1-2-1 *3), and dissolving the final residue in 
aqua regia and filtering if necessary from sulphur 
and lead sulphate. The mercury can be re- 
precipitated by almost neutralising the acid 
solution, adding in succession ammonium sul- 
phide, caustic soda and ammonium nitrate. 
The caustic soda redissolvos the sulphide initially 
formed rs the soluble double sulphide Hg(SNa)., 
and from this the ammonium nitrate repreoipi- 
tates mercuric sulphide in a form suitable for 
collection. The precipitate is washed sucoes- 
sivelv with water, alcohol, and carbon disulphide, 
dried at 110*, and weighed as HgS. (For oiher 
methods of separating mercury, see Jannasoh, 
Zeitsch. anorg. CThem. 1896, 12, 132, and 369; 
and Stabler, Chem. Zeit. 1907, 31, 61&> 

Lead in its ores and alloys is usually separated 
from other metals by dissolving the substance 
in hydrochloric or nitric acid, or if necessary in 
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ft mixiiire of the two aolds and evapoTating down IV., V., and VI., bj precipitation as sulphide 
the solution with snlfdiurio acid until white bv hydrogen sulphide in acid solution. In 
fumes m evolved. The mixture is then cooled allovs aifd ores it is generally separated from 
diluted with water, and the lead sulphate quickly antimony and tin by rendering these insoluble 
collected. If the amount of lead is small, alcohol bv the action of moderately strong nitric acid, 
must be added to complete the precipitation. If, however, the sulpbtdcs of these metals and 
The lead sulphate thus ol^tained is freed from arsenic are present, they nro extracted from the 
silica, stannic oxide, ancr other impurities by precipitate with all^li sulphides (not ammonium 
dissolving it in an excess of ammonium or sodium sulphide). The insoluble residue, containing the 
acetate. sulphides of copper, bismuth, lead, merou^, and 

When separated as lead sulphate, the lead cadmium, is treated with nitric aoid (o. Mercury 
can be estimated volumetrically by boiling the and Bismuth), Copper is readily separated 
precipitate with ammonium carbonate and then from bismuth by means of ammonium carbonate, 
dissolving the lead carbonate in acetic aoid. The which precipitates basio bismuth carbonate, 
lead is thus converted into lead acetate which it leaving copper in solution. The separation from 
titrated with standard ferrocyanide using as indi- cadmium may be effected by one of the following 
cator drops of uranium acetate on a porcelain methods: — (1) Hydrogen sulphide is passed 
plate. The lead may also be reprocipitatM as oxa- into a boiling solution of the sulphates of copper 
late from the acetate solution by alkali oxalate, and cadmium in dilute sulphurio aoid (1 : 4). 
the washed lead oxalate being then suspended 'I'ho precipitated copper sulphide, which contains 
in dilute sulphurio aoid, and titrated with some cadmium, is i^issolvcd in nitric acidi and, 
standard permanganate. From the solution of after expelling excess of the solvent, the precipi* 
the sulphate in sodium acetate the lead can be tation is repeated. (2) The copper is preci- 
precipitated as chromate by potassium dichro- pitatcd as cuprous thiocyanate, leaving cadmium 
mate. The chromate is dissolved in dilute nitric in solution. (3) The copper is converted into 
aoid, and roduoed with methyl or ethyl alcohol, potassium cuprooyanide KjCu(CN)., with a 
The solution, rendered ammoniaoal, is treated considerable excess of potassium cyaniae, and the 
with oxalic acid, when lead is precipitated and cadmium precipitated with hydrogen sulphide or 
titrated as above with standard permanganate (v. ammonium sulphide (compare also Browning, 
Chem. News, 1806, 73, 18 ; J. Amcr. Ohom. Soc. Amer. J. Sci. 1803, [3] 46, 280). 

1806, 18, 737; Zoitsch. anal. Chem. 1002, 41, The following vohimetrio processes for copper 
653). Lead may be separated from copper by are employed in the tcohnical analysis of the 
sleotrolysing a solution of the metals in dilute ores of this metal, (i.) The mineral is dissolved 
nitric aoid with a weak current (0'5~1*5 amperes in hydrochloric and nitrio acids, and the solution 
and 1*4 volts), when the load is precipitated as boiled down with sulphurio acid to expel the 
dioxide on the anode (a platinum dish with un- volatile acids. The copper is precipitate from 
polished inner surface), the boiling solution by introducing a sheet of 

Bismuth is separated from all other metals aluminium and redissolving in nitrio aoid with 
but those of Group 11. by the precipitation of its the addition of bromine to destroy nitrous 
sulphide by hydrogen sulphide in aoid solution, fumes. The solution is neutralised with am- 
The insolubility of the sulphide in ammonium monia, acidified with acetic acid, and treated 
sulphide separates this metal from arsenic, anti* with excess of potassium iodide, when the liber- 
raony, and tin. The further separation of bis- ated iodine is titrated with standard thiosul- 
muth from mercury, copper, ana cadmium pre- phate (Low, J. Amer. Chem. Soo. 1902, 24, 1082)* 
sents no particular difficulty, and is effected by (ii.) A solution of potassium cyanide is standard- 
taking advantage of the solubility of bismuth ised against pure copper foil by dissolving the 
sulphide in nitrio aoid (sp.gr. 1 *26), and the latter in nitno aoid, adding bromine, boiling to 

S itation of bismuth oxychloride on diluting expel nitrous fumes and excess of bromine, adding 
erably an acid solution of bismuth chloride, ammonia till strongly alkaline, and titrating with 
The problem of separating bismuth from lead the cyanide solution until the blue tint dis- 
is, however, much more troublesome, and the appears. The copper ore is treated as in (i.), the 
folio wing appear to be most trustworthy methods: copper being precipitated by aluminium, re- 
(i.) the separation of the bismuth as basio nitrate dissolved in nitno acid, and the resultingsol^ion 
and the solution of load nitrate in dilute am- titrated in manner just described (v. Brearlev, 
monium nitrate (J. pr. Chem. 1858, 74, 345); (ii.) Chem. News, 1897 76, 189). (For other method 
the distillation of tno mixed sulphides in a our- of separating and estimating copper, see also 
rent of bromine, when bismuth bromide is volati- Zeitsch. anorg. Chem. 1896, ii. 268 ; Chem. Soo. 
lised, leaving tehind lead bromide (Jannasch, Abstr. 1901, ii. 197 ; J. Amer. Chem. Soo. 1905, 
PraktischerLeitfadondcrGewiohtsanalyse,lsted. 27, 1224; Zeitsch. anal. Chem. 1907^ 46, 128; 
155); (iii.) the precipitation of bismuth as the J. Amer. Chem. Soc. 1908, 30, 760; Chem. Zeit. 
basio formate ; arcfiotition of this operation gives 1908, 33, 263 ; Amer. J. 1909, (iv.) 27, 448.) 
a precipitate free from lead, which 18 dissolved in (For electrolytic estimation of copper, v, 
dilute nitrio acid, the solution almost neutralised Hlsctbo-ohsmioal Analysis.} 
with sodium carbonate, and the bismuth then Cadmium is separated from the other metala 
finally precipitated and weighed as phosphate of Group 11. by the methods indicated under 
BiPO^ (Stabler, Chem. Zeit. 1907, 31, 615). The copper, Uad, Ac. In the pr^noe of uno, Fox 
lead m the filtrate from the formate sepa- reoommends precipitation in a solution oon- 
ration is precipitated as sulphide, converted into taining triohloroaoetio acid fChem. Soo. Trans, 
sulphate, and weighed as such. This method 1907, 91. 964). Eleotrolytioally, cadmium is 
of separation gives ooourate result-a (Little and ' deposited from a cyanide solution (0*7-1 *2 ampertw 
Cohen, Analyst, 1910, 35, 301). and 4*8-5 volts); the use of a rotating cathode 

CopjMf is separated from the metals of Groups aooelerates the rate of deposition (compare 
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Flow, Amer. X Set 1900, 70, 26it ^nd 392 ; and 
Avery and Dales, J. Amer. Ghem. Soa 1897, 19, 
379X 

TiUf aniimony, and arsenic are separated 
from the remaining metals of Group II. by 
digesting the group precipitate at 80** with con* 
oentratra yellow ammonium sulphide, when the 
sulphides of these three metals dissolve, leaving 
the other sulphides insoluble. Copper sulphide 
is appreciably soluble in this solvent, and in the 
presence of copi>er it is preferable to use sodium 
or potassium sulphide, but in the presence of 
mercury these reagents are inadmissible, owing 
to formation of the soluble double sulphide 
Hg(SK),. In the presence of much lead a 
small amount of tin is retained in the insoluble 
residue. Arsenic rarely occurs in alloys, and 
in -these substances antimony and tin are 
separated from other metals as insoluble ozy- 
acids (metantimonio and metastannio acids) by 
the use of nitric acid as solvent. 

Arsenic is separated from antimony and tin 
by distillinff the hydrochloric acid Solution of 
the three elements with ferrous chloride; the 
arsenic is volatilised as arsenious chloride; this 
compound is collected in cold water and the 
arsenic precipitated as trisulphide (Fischer, 
Zeitsoh. anal. Cbem. 1881, 21, 266). Various 
modifications of this method have been intro- 
duced ; the distillation is carried on in a current 
of hydrogen chloride and hydrogen sulphide, 
the latter serving as the reducing agent 
instead of ferroTis chloride ; the volatilised 
arsenious chloride is convert^ in the cooled 
receiver into the trisulphide (Piloty and Stock, 
Ber. 1897, 30, 1649). (For other modifications, 
see Gooch and Danner, Amer. J. Sci. 1891, |3] 
42, 308; Andrews, J. Amer. Chom. Soo. 1895, 
17, 869; Rohmer, Ber. 1901, 34, 33; Morgan, 
Chem. Soo. Trans. 1904, 85, 1001.) 

• The arsenic may also be separated from tin 
and antimony by oiasolving the three sulphides 
in ammoniacal hydrogen peroxide, neutralising 
the solution with mineral acid, acidifying with 
tartaric acid, and precipitating the arsenic 
as magnesium ammonium arsenate by the 
addition of ammonia and magnesia mixture 
(see Qualitative analysis). \ 

The following method of separating arsenic 
and antimony in their ores, leads to volumetric 
processes for the determination of these elements 
(Low, J. Amer. Chem. Soo. 1906, 28, 1716). The 
mineral is decomposed by heating with strong 
sulphuric acid (20 parts) containing potassium 
hydrogen sulphate (1*4 parts), and 1 mrt of 
tartaric acid. The cooled product is taken up 
with 350 0 . 0 . of hot water, 10 o.o. of strong hydro- 
chloric acid, and 3 grama of tartaric acid, and 
the solution saturate with hydrogen sulphide. 
The mixed sulphides are dissolved in aqueous 
TOtassium sulphide, and the filtrate evaiioratod 
down with 10 o.o. id strong sulphuric acid and 
3 grams of potassium hydrogen sulphate until 
the sulphur and the greater *part of the free aid 
are expelled. The cooled melt is dissolved in 
50 C.O. of strong hydrochloric acid and 25 o.o. 
of water, and arsenious sulphide precipitated 
by hydrogen sulphide. The antimony remaining 
in the ^trate is precipitated as sulphide by 
diluting the solution and pMsing in more hydro- 
gm Bulphidei. The antimonious sulphide is again 
dissolved in potassium sulphide, the solution 


evaporated nearly to dryness with strong sul 
phurio acid and TOtassium hydrogen sulphate, 
the melt dissolved in dilute nydroohlorio acid 
and titrated with standard permanganate. 

The arsenious sulphide is dissolved in warm 
ammonium sulphide, and the solution heated 
strongly with strong«ulphuricacid and potassium 
hydrogen sulphate until all the sulphur and 
n^rlv all the acid are expelled. The residue is 
boiled with water to expel sulphur dioxide, 
neutralised, and titrated with standard iodine 
solution in the presence of sodium bicarbonate. 

Arsenic may also be estimated in minerals 
(which do not contain phosphates) by fusing the 
powdered ore with sodium carbonate and nitre 
or sodium peroxide, extracting the fused mass 
with water and precipitating silver arsenate 
from the neutralised solution. This precipitate 
is roilisBolved in nitric acid, and the amount 
of silver in it determined by standanl thio- 
cyanate; whence the quantity of arsenic pre- 
sent can be readily calculated. (For other 
processes for the estimation of arsenic in 
technically important materials, v. Clark, Chem. 
Soc. Trans. 1892, 61, 424 ; Friedheim, Zeitsoh. 
anal. Chem. 1905, 44, 606 ; Heath, Zeitsoh. 
anorg. Chom. 1908, 59, 87 ; Gooch and Phelps, 
Amer. J. Sci. 1906, (iv.) 22, 488 ; McGowan and 
Floris, J. Soc. Chem. Ind. 1905, 24, 265 ; Sanger 
and Black, ibid. 26, 1115; Collins, Analyst, 
1912, 37, 229.) (For the detection and estima- 
tion of minute quantities of arsenic, v. Arsenic.) 

Reparation of tin and antimony. In the 
absence of any largo amount of lead or other 
metal giving a sulphide insoluble in am- 
monium sulphide, tin and antimony can be 
separated from these metals by moans of this 
reagent, but if lead is present in considerable 
amount the tin is never completely extracted, 
a portion always remaining in the insoluble 
residue. In this ease it is preferable to separate 
out the tin and antimony by oxidising them to 
their insoluble hydrated oxides by means of 
nitrio acid. These oxides when fused with 
caustic soda in a silver crucible yield sodium 
stannate and antimonato; the latter of these 
salts is praotioally insoluble in dilute alcohol 
(1 vol. alcohol, 2 vols. water), whilst the former 
is readily dissolved. A repetition of this process 
with the insoluble antimonatc leads to a com- 
plete separation. 

When present as sulphides, these metals are 
conveniently dealt with by Henz’s modification 
of Clark’s method. The sulphides are dissolved 
in excess of aqueous caustic potash containing 
potassium tartrate; the solution is gradually 
heated to boiling with excess of 30 p.c. hydrogen 
peroxide. When the oxidation of the sulphides 
IS complete, exqess of oxalic acid is added (15 
grams for 1 gram of mixed metal), the liquid 
boiled to destroy cxceas of hydrogen peroxide, 
and hvdrogen sulphide passra for some time 
through the hot solution. The precipitated 
antimony sulphide is dealt with as described 
under gravimetric estimations. The filtrate 
Is treated with sulphuric acid, concentrated 
to a small bulk (150 o.o.), and electrolysed 
at 60^ with a current of 0*2-O'3 ampere, and 
2*3 volts, using a rotating anode, when the de- 
position of the tin is complete in about one lumi 
(Henz. Zeitsch. anoig. Chem. 1903, 37, 1 ; and 
Oahen and Morgan, Analyst, 1909, 34, 3). 
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In Clark • original pioc^ the filtrate from 
the antimonv ■awhide» which contains stannic 
tin, is mixea with yellow ammonium sulphide 
in excess and acidified with acetic acid. After 
some time the stannip sulphide is collected, 
washed with a solution of ammonium nitrate, 
and converted into stannic oxide by ianition. 
In accurate work the antimony sulphide is 
rsdissolved, and the oxalic aOid separation 
repeated in order to obtain the last traces of tin 
(compare Carnot, Compt. rend, 1886, 103, 258). 
(For descriptions of other methods of estimating 
tin and antimony in their ores and alloys, see 
M. Soo. Chem. Ind. 1892, 11, 662; G. W. 
Thompson, J. Soc. Chem. Ind. 1896, 15, 179; 
T. Brown, jun., J. Amer. Chem. Soo. 1899, 21, 
780; Aigenot, Zeitsch. angew. Chem. 1904, 17, 
1274; Levy, Analyst, 1906,30,361; Panajotow, 
Ber. 1909, 42, 1296.) 

The following process, due to Pearce, gives a 
rapid volumetric method for estimating tin in 
its ores. The mineral is fused in a nickel crucible 
with about 20 parts of sodium hydroxide ivith 
the addition of a little powdered charcoal ; the 
fused mass is dissolved (excepting silica) in 
hydrochloric acid, and the solution reduced by 
the addition of iron rods or sheet nickel. The 
stannous chloride thus produced is titrated with 
standard iodine solution in presence of suffi- 
cient hydrochloric acid (1 : 4) to prevent the 
oxidation of any arsenic or antimony which may 
be present. 

Gold and platinum are separated chiefly in the 
analytical subgro^ containing arsenic, anti- 
mony, and tin. Fiision of the sulphides with 
sodium carbonate and nitre, followed by extrac- 
tion with water, removes the arsenic. The residue, 
treated with zinc and hydrochloric acid, reduces 
tin and antimony to the metallic state ; the former 
is dissolved b^ boiling hydroclilorio acid, and the 
latter by nitric and tartaric acids, whilst gold and 
platinum are left. Treatment of the mixed 
metahi with chlorine water removes gold, and 
dilute aqua regvi then dissolves platinum, palla- 
dium, and rhodium. From this solution platinum 
is precipitated by ammonium chloride and alcohol, 
and from the mtrate. after neutralisation with 
sodium carbonate, palladium is precipitated as 
cyanide by mercuric cyanide. 

For separation of palladium from gold, 
platinum, rhodium, and iridium by means of 
dimethylglyoxime, see Wunder anef Thii ringer, 
(Zeitsch. anal. Chem. 1013, 52, 600 ; Analyst, 
1913, 624). 

The residue from the a>qua regia treatment is 
roasted in the air ; osmium volatilises as the 
tetroxide, ruthenium sublimes as the dioxide, 
whilst iridium is left {v. Leidid, Compt. rend. 1900, 
131, 888 ; and Pt.atinum mktals). 

Molybdenum is precipitated as sulphide pre- 
ferably from a Bulpnuric acid solution by treat- 
ment with hydrogen sulphide under pressure. 
From the sulphides of the copper-load subgroup, 
it is separated by digestion with sodium suTphiae 
under pressure, when the molybdenum passes 
into solution and is reprecipitated as sulphide 
by dilute sulphuric acid. Molybdenum sul- 
phide is separated from the sulphides of anti- 
mony and mi by dissolving the latter in hydro- 
chloric acid. The sulphides of arsenic and 
molybdenum are dissolved in hydrochloric acid 
and potassium chlorate, the arsenic precipitated 


from the filtrate after adding amittonia and 
magnesia mixture as magnenum ammonium 
arsenate. J'he final filtrate is aoidifi^ and the 
molybdenum reprecipitated as sulphide. Moly- 
bdenum is separate from phosphorus in a 
similar manner. From tungsten it is best 
separated by heating the mixed trioxides or 
their alkali salts at 260^-270*’ in a current of 
hydrogen chloride, when the molybdenum is 
completely volatUised as the additive com- 
pound MoOa,2HC3, while the tungsten remains 
in the non-volatile residue (Debray, Compt. 
rend. 1868, 46, 1101 : and Pochard, Aid. 1892, 
114, 173). 

Selenium and tellurium fall into the analy- 
tical sub-group containing arsenic, and after thif 
element has been removed as magnesium am- 
monium arsenate (v. Molybdenum); the selenium 
and tellurium are precipitated by r^noing agents 
such as sulphur dioxide, hydrazine, Ac. (i.) Sul- 
phur, selenium, and tellurium are separated by 
fusion with potassium cyanide in a stream of 
hydrogen. * On dissolving the mass in water and 
passing air through the solution, the potassium 
telluride present is decomposed, and tellurium 
is precipitated. When the filtrate is acidified, 
the potassium selenooyanate ^KCNSe) is decom- 
posed, yielding selenium, (u.) I'he mixed di- 
oxides of selenium and tellurium are dissolved 
in aqueous caustic potash ; the solution, faintly 
acidified with hydrochloric acid, is diluted to 
at least 200 c.c. with boiling water, rendere<l 
just ammoniacal and reacidified with acetic 
acid. After 30 minutes the tellurium dioxide 
is collected, washed with cold water, and gently 
Ignited (Browning and Flint, Zcitoch. anorg. 
Chem. 1909, 64, 104). 

Gold from all other metals : reduction of an 
acid solution by oxalic acid or sulphurous acid. 

Selenium from the metals : reduction with sul- 
phurous acid in hydrochloric acid solution. 

Group III. — The metals of Group Illei. are 
separated from those of the succeeding groups 
by precipitation with ammonia in presence of 
ammonium chloride; the metals of Group III6. 
are separated from those of the succeeding 
groups by means of ammonium sulphide {v. 
General methods of estimation). 

Iron, aluminium, chromium, uranium, 
glucinum, and cerium, from zinc, manganese, 
nickel, cobalt. The solution, which must contain 
iron and uranium as ferric and uranic salts, is 
nearly neutralised, mixed with excess of finely 
divided and recently precipitated barium car- 
bonate, and allowed to remain in a closed vessel 
at the ordinary temperature for some hours 
with occasional agitation. In presence of nickel 
and cobalt, ammonium chloride should be added 
to prevent precipitation of traces of these metals. 
Filter and wash with cold water. The precipitate 
mapr contain ferric, chromic, aluminium, glucinum, 
ceric and uranic hydroxides, mixed wiUi barium 
carbonate ; the filtrate contains the other metals, 
together with some barium. In both oases the 
barium can be removed by means of sulphuric 
acid, but as the barium sulphate carries down 
small amounts of the other metals, it is pre- 
ferable to separate the metals of Groups 111, 
and IV. bv a double precipitation with am- 
monium sulphide (Treadwell). 

Iron and aluminium from zinc, manganese, 
nickel, cobalt, uranium, and metals of the sue- 
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ceding grappa. The aolutloii, whioh must con-' 
iaii^ iron as a fenio salt, is nearly neutralised by 
sodium or ammonium oarbonate. In presenee 
of iron the liquid becomes deep red, but no 
precipitate must be formed. Sodium, or, better, 
ammonium acetate, is added in sufficient but 
not exoeasire quantity, and the liquid is boiled 
until the precipitate becomes granular and 
settles rapi^y. Prolonged boiling makes the 
precipitate slimy. The liquid is mtcred whilst 
hot, and the precipitate is washed with hot 
water ; if the liquid is allowed to cool the pre- 
cipitate is partially redissolved. The precipi- 
tate is converted into ferric and aluminium 
oxides by ignition ; the other metals are in the 
filtrate. It is advisable, and in presence of 
nickel essential, to rodissolve the precipitate 
and rejieat the process. This method u not 
available for the separation of chromium. 

The same result can be obtained with 
ammonium formate or succinate. 

Aluminium and chromium horn iron, zinc, 
manganese, nickel, and cobalt. Mix the solution 
with a moderate quantity of pure normal potas- 
sium tartrate, then with pure caustic potash or 
soda until the precipitate redissolves, add am- 
monium sulphicie in slight excess and allow to 
stand. Wash the precipitate with water contain- 
inp ammonium sulphide. Aluminium and chro- 
mium are in the filtrate, the other metals in the 
precipitate.^ If iron and chromium are absent, 
it is sufficient to add the alkaline tartrate, 
excess of ammonia, ammonium chloride and 
ammonium sulphide. 

Separation of iron and aluminium. The fol- 
lowing methods have also been employed for 
this important separation. (1) Potassium hy- 
droxide dissolves muminium hydroxide, but not 
ferric hydroxide; the former is repreoipitated 
from the filtrate by boiling with ammonium 
chloride or adding successively nitric acid and 
ammonia; the iron precipitate is dissolved in 
acid and reprecipitat^ by ammonia, (ii.) The 
two metals are precipitated with ammonia and 
the weight of the combined oxides determined. 
The mixture is then digested with strong hydro- 
chloric acid (10 concentrated solution : 1 water) 
until all the iron has dissolved ; the presence of 
f)ree chlorine or hvdriodio acid assists the solution 
of the ferric oxide. If alumina predominates, it 
may be necessary to fuse the mixed oxides with 
pot^ium pyrosulphate. The solution is satu- 
rated with nydrogen sulphide to reduce the iron 
to the ferrous condition ; the excess of this sul- 
phide is expelled by carbon dioxide, and the 
liquid titrated with standard permanganate. 
The proportion of aluminium is determined by 
difference, (iu.) Iron and aluminium may also 
be separated by treating the mixed chlorides 
with strong hydrochlorio acid and ether (equal 
vols.) ; the aluminium chloride is precipitated, 
collected, washed with ethereal hydr^hlorio 
acid and ignited with mercuric oxide (Gooch and 
Havens, Amer. J. ScL ISdfi, 2, 416). (iy.l The 
separation of small quantities of aluminium 
from excess of iron has been successfully effected 
by the use of phenylhydrazine. The iron u 
first reduced to the ferrous condition by adding 
hydrochloric acid and ammonium bisulphite, 
and the solution almost neutralised with am- 
monia, a dight excess of phenylhydrazine Is 
then added, and after one hour the aluminium 
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hydroxide is collected and washed with a solu- 
tion of phenylhydrazine sulphite. In this way 
aluminium can be separated from iron, man- 
ganese, oaioium, and magnesium (Hess and 
Canrabell, J. Amer. Chem. Boo. 1899, 21, 776). 

S^aration of iron,' aluminium, and phoa^ 
phonic acid. When the total amount of these 
substances is small, the precipitate obtained by 
ammonia is ignit^ and weighed (A«>FegO| 
-f AlgO,-f PiOg). The precipitate b then fused 
with sodium carbonate and silica, and the mass 
extracted with water containing a little am- 
monium oarbonate. The residue containing iron 
and aluminium is evaporated down with sul- 
phurio acid to dissolve the iron ; the solution is 
reduced with hydrogen sulphide as in the pre- 
ceding separation, and titrated with permanga- 
nate solution. The solution, which contains all 
the phosphorio acid, is evaporated down with 
hydrochloric acid to remove silica ; the residue 
taken up with water, and the phosphoric acid 
precipirated from the filtrate as magnesium 
ammonium phosphate. From the w'oight of 
mamesium pyrophosphate obLainod the amount 
of PaO* ^ determined, and the AlgOg is obtained 
by difference. If the total amount of these 
three substances is large, the original solution 
may be divided into three aliquot portions, in one 
of which the phosphoric acid is precipitated as 
ammonium pnospnomolybdate, in the second 
part the iron is determined volumetrioally, and 
from the third the total precipitate (FegOg, 
AlgO^PgO.) is obtained (compare Cookiroy, 
Analyst, 1908, 33, 437). 

Ghromium is readily sejparated from many 
metals, e,g. aluminium, by conversion into 
chromate, whioh is not precipitated by alkalis. 
This can be done in one of the following ways, 
(a) Make the solution alkaline with caustic potash 
or soda, saturate with chlorine, and then heat to 
expel excess of gas, and decompose hypochlorites 
by heating with ammonia. (&) Ammonium 
persulphate is added to a solution containing 
chromium, iron, and aluminium. On boiling, 
the chromium is oxidised to chromate, the acid 
set free during oxidation being sufficient to keep 
the iron and aluminium in solution (Q. v. Knorre, 
Zeitsch. anorg. Chem. 1903, 16, 1097). (For the 
estimation of chromium in chromite and chrome 
steel, see Volumetric aeciion,) 

Aluminium from chromium. After chro- 
mium has been converted into chromic acid, the 
aluminium may be precipitated as hydroxide 
or as phosphate (v. Determination of metala). 
The filtrate is acidified, heated to boiling, and 
sodium thiosulphate added until the chromium 
is completely reduced ; it can then bu estimated 
as phosphate in the same way as aluminium; 
or caustic alkali is added to tM solution of the 
metals until the precipitate at first formed re- 
dissolves. Bromme-water is added until the 
green colour of the solution is changed to the 
ellow of a chromate solution. The liquid is 
eated to boiling, and more bromine-water 
added drop by drop to precipitate the alumina 
in a non-gelatinous form. 

Uranium is separated from the other me^ 
of this group by the solubility of its hydroxide, 
sulphi^, and acid uranates, m ammonium car- 
bonate. 

Uranium from Iron and Aluminium, An acid 
solution containing ammonium salts is mixed 

S 
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with excess of ammoniam carbonate and am- 
monium sulphide in a closed dask. The pre- 
cipitate contains ferrous sulphide and alumimnm 
hydroxide ; the uranium remains dissolved as 
the double carbonate U0,'C08,2(NH4),C0*. 
The filtrate is concentrated considerably, acidi- 
fied with hydrochloric acid, boiled, and the 
uranium precipitated as ammonium diuranate 
with ammonia. The precipitate is ignited and 
weighed as UsOg. Or t^ oxide is heated 
with dilute sulpburlo acid (1:0) at 170 m an 
inert atmosphere (carbon dioxide): the solu- 
tion which contains uranyl sulphate (2 mols.) 
and uranouB sulphate (1 mol.), is titrated with 
standard permanganate solution. 

. 1 0.0. ^KHnO.=0 03S93D. 

Uranium ores are treated in the following 
way. The mineral (0‘5-l*0 gram) is diaaolvcd 
in nitric acid or aqua regia, silica removed hv 
evaporation, the soluble residue extracted with 
hydrochloric acid, and the metals of the copper 

O precipitated by hydrogen sulphide. The 
0 is oxidised with potassium chlorate, and 
treated successively with ammonium phosphate, 
ammonia (till nearly neutral), and sodium 
oarboni^te in excess. The mixture is boiled and 
BufiSoiont ammonium chloride added to decom- 
pose excess of sodium carbonate. The preci- 
pitate, which contains the iron, vanadium, Ac., 
IS washed with aqueous ammonium carbonate. 
This salt is removed from the hltrate by boiling 
alone and with nitric acid. The solution is 
almost neutralised with ammonia, and to the 
boiling liquid are added suoooBsively micro- 
cosmic salt, sodium thiosulphate, acetic acid, 
and finally ammonium acetate. The precipitate, 
uranyl ammonium pho.sphato, is oolleoted, ignited, 
moistened with nitric acid, again ignit^ and 
weighed as (UOjljPaO,. 

Uranium is separated from thorium (and 
iron) by means of nydroxylamine hydrochloride, 
which in ammoniooal solution precipitates 
thorium and ferric ^droxides, leaving the 
uranium in solution (Jannasoh and Schilling, 
Chem. Zoit. 1900, 29, 248). | 

Cerium is separated from other tnekUa by I 
saturating the solution with sodium sulphate, this 
salt being added in fine powder. A crystalline 
double sulphate of cerium and sodium separates, 
and is washed with a saturated solution of 
sodium sulphate. 

Ohieinum is precipitated with aluminium in 
Group III., and separated from aluminium and 
the other metals of the group by one of the 
following methods: (L) A saturated solution 
of sodium hydrogen oarbonate dise^ves out 
gluoinum hydroMe from a precipitate con- j 
taining aluminium and ferric hydroxides, leaving 
the latter unafFeoted (Parsons and Barnes, 
J. Amer. Chem. Soo. 1900, 28, 1089). (iL) Alu- 
minium and gluoinum chlorides are separated 
by saturating theix solutions with hydrogen 
ohloride in the presence of ether ; the former is 
pi^ipitated, the latter remainins dissolved 
(Amer. J. Soi. [ 4 ] 11, 416). (iii) The acetates 
may be separated by the use of hot glacial 
acetic acid, from which solvent basic gluoinum 
acetate G104(C0,-CH,), [GlO^CHjCOj),] sepa- 
rates on cooling (Parsons and Robinson, cf. ^o 
Glassmann, Ber. 1900, 39, 3366 ; and J. Amer. 


Chem. Soo. 1890. 17, 688 ; Wander and Wegner, 
Zeitsch. anal. Chem. 1912, 51, 470). This acetate 
is soluble in chloroform and may be distilled 
unchanged. Quantitative results may be ob- 
tained oy volatilising the salt from the basio 
acetates of iron and aluminium (Kling and 
Qelin, Bull. Soc. ohim. 1914, 10, 200 ; Analyst, 
1914, 232). • 

Barium oarbonate decomposes gluoinum 
chloride, thus sepaiating this metal from those 
of Group 1110. 

Van^ium is separated from the majority of 
metallic elements by fusion with sodium car- 
bonate and potassium nitrate; the vaiuidium 
dissolves in water as sodium vanadate. Chro- 
mium and manganese would also be found in 
the aqueous extract, but from these metals 
vanadium is separated by the addition of am- 
monium sulphide in excess, when chromium 
and manganese are nreoipitated respectively as 
hydroxide and sulpnide leaving vanadium in 
solution as a thiovanadate (of. Zeitsch. anorg. 
Chem. 0, 381 ; Compt. rend. 1904, 138, 810 ; 
and Hillebrand, Amer. J. Sci. [4] 6, 209). From 
arsenic, vanadium may be separated either by 
rcduoiifli^ with sulphur dioxide and precipitating 
arseniouB sulphide with hydrogen sulphiao or by 
heating the mixed sulphides in nydrogen chloride 
at 100**, when the arsenic is volatilised (Field 
and Smith, J. Amer. Chem. Soo. 1896, 18, 1001). 

Vanadium is separated from phosphoric acid 
by reducing vanadic acid to a hypovanadio salt 
with sulphur dioxide, and precipitating Uie 
phosphorus as phosphomolvbcTate. 

Vanadium and molybdenum are separated 
by the action oi hydrogen sulphide on vanadic 
and molybdio acids under pressure, moly- 
bdenum sulphide being precipitated, or am- 
monium metavanadate may be precipitated by 
the action of excess of ammonium ohloride 
(Gibbs, Amer. Chem. J. 1883, 0, 371) ; the latter 
method serves to separate vanadium from 
tungsten. 

(For methods of estimating vanadium in iron 
and steel, see Brearley and Ibbotson, The 
Analysis of Steel Works Materials; and Blair, 
The Chemical Analysis of Iron.) 

Tungsten is separated from the majority of 
other elements by fusion with alkali carbonate 
and extraction of the alkali tungstate with 
water. This extract, when acidified with nitric 
acid and evaporated to dr3me88, yields tu^stio 
acid as a residue insoluble in water. I^m 
arsenic and pbosphorio acids tungstio acid is 
separated by the addition of magnesia mixture, 
which precipitates the aisenio and phosphorus, 
leaving the tungstate in solution (Gooch, Amer. 
Chem. J. 1871, 1, 412; and Gibbs, ibid. 1880, 
7, 337). 

The tungsten in wolframite may be estimated 
by fusing the finely powdered ore (O'0 gram) 

I with 6 parts of fusion mixture in a platinum 
oruoible for half an hour. The fused moss is 
extracted with boiling water when alkab tung- 
state passes into solution toother with siUoato 
and stannato. The insoluble residue contains 
iron, manganese, calcium, and magnesium with 
small amounts of columbio and tantalio acids. 
The filtrate is evaporated to dryness with excess 
of nitric acid, and the residue, after heating at 
120^ is extracted with dilute ammoniam nitrate 
solution ; the residue, which consists of tungstic 
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oxide with silioa ond stannic oside, is weighed 
and then treated with hydiofluorio acid and 
weighed again. This second residue consists of 
tungstic oxide and stannic oxide, and the latter 
is Tolatilis^ by heating repeatedly with am- 
monium chloride until toe weight of the final 
residue (WOg) is constant. 

To remove tin the mixed oxides may be 
ignited with zinc powder, and the residue, after 
extraction with hydrochloric acid, is tungsten 
trioxide (Angenot, Zeitsch. angew. Chem. 19, 
1401. 

^or other separations of tungsten from 
its usual associates, su J. Amer. Ohem. Soc. 
1900, 22, 772 ; Zeitsch. anorg. Chem. 1905, 45, 
396 ; Zeitsch. anal. Chem. 1908. 47, 37 ; Bull. 
Soc. chim. 1908, 13, 892 ; Wunder and Sohapira, 
Ann. Chim. anal. 1913, 18, 257 ; Marb^er, 
J. Amer. Chem. Soc. 1915, 37, 86.) 

Columbium and iofUalum are extracted 
from columbite or tantalite by fusing the 
mineral with potassium hydrogen sulphate and 
extracting the fused mass with hot water and 
hydrochloric acid. The residue is treated with 
ammonium sulphide to remove tin, tungsten, 
and again extracted with hot hydrochloric acid. 
The mial residue is then dissolved in hydro- 
fluoric acid, the filtered solution is treated with 
potassium carbonate : potassium tantalofluoride 
separates in acicular crystals and the mother 
liquor furnishes potassium columbium oxy- 
fluoride, crystallising in plates (compare Weiss 
and Landecker, Zeitsch. anorg. Chem. 1909, 
64, 65 ; and Chesneau, Compt. rend. 1909, 149, 
1132). I 

Titanium. In addition to the process given | 
under the estimation of titanium, this element 
may be separated from iron by the following 
methods : (i.) By adding ammonium sulphide to , 
an alkaline tartrate solution of the two etements, 
when ferrous sulphide is precipitated (Gooch, 
Amer. Chem. J. 1885, 7, 283). (ii.) By precipitat- 
ing titanic acid with phenylhydrazine ( J. Amer. 
Chem. Soc. 1895, 25, 42 1 ). Titanium is separated 
from aluminium, by boiling with an alkali acetate 
and dilute acetic acid, when basic titanium 
acetate is precipitated. 

Titanium and zirconium are separated by 
the following methods : (i.) A solution of the 
elements in dilute sulphuric and acetic acids is 
boiled for some time, when titanic acid is preci- 
pitated (J. pr. Chem. 1869, 108, 75; Zeitsch. 
anaL Chem. 9, 388). (iL) The acid solution is 
boiled with zinc till the titanium is reduced to 
titanous salt, the zirconium is then precipitated 
by the addition of potassium sulphate (Compt. 
rend. 1863, 57, 298). (iii.) A neutral solution 
of the nitrates is added drop by drop to a boiling 
concentrated solution of ammonium salicylate 
(1 : 5H|0), the solution boiled for one hour, 
concentrated, and the precipitated zirconium 
salicylate coUwted and washed with am- 
monium salicylate solution. Titanium sali- 
cylate is solume in hot water and remains in 
the filtrate (Dittoich and Freund, Zeitsch. anorg. 
Chem. 1907, 56, 337, 348). 

Cmum is precipitated in the aluminium 
group (Ill.a), and, together with the other metals 
of the rare earths, is separated from iron and 
aluminium by means of oxalic acid or am- 
monium oxalate. From lanthanum, praseo- 
dymium, and neodymium it may be separated 


I by suspending the hydroxides in aqueous 
eaiistio potash and passing in chlorine until the 
liquid is no longer alkaline. The cerium remains 
precipitated as the yellow hydrated dioxide^ 
whilst the other hydroxides are dissolved 
(Mosander). Various 'methods have been pro- 
posed similarly based on the oxidation of oerous 
compounds to the eerie condition (v. Ann. Chem. 

I Pharm. 131, 369; Monatsh. 1884, 5, 608; Ber. 
35, 672). 

Thorium, together with the rare earths, is 
separated from the other elements by oxalic 
acid. Tbo further separation is effected by the 
following methods : — 

I (i.) Monazite sand is heated with ooncen- 
' traM sulphurio acid at 180"-200* for 2 to 3 
hours, and the product taken up with water, and 
the rare earths precipitated by the addition of 
oxalic acid. The preoipitated oxalates, after 
washing till free from phosphorio acid, are 
ignited, and the resulting oxides dissolved in 
hydrochloric acid. The excess of acid is ex- 
pelled by evaporation at 100^ the residue dis- 
solved in water and treat^ with sodium 
thiosulphate. After 12 hours the solution is 
boiled for 10 minutes and filtered. The pre- 
cipitate contains thorium, but contaminated 
, with cerium ; it is therefore redissolved and 
I the precipitation repeated until the filtrate gives 
no precipitate on boiling with ammonia. At 
this stage the precipitate is ignited, fused with 
sodium hydrogen sulphate, the product dis- 
solved in water, and tne thorium unally preci- 
pitated with oxalic acid, the precipitate Wng 
^ited and « weighed as ThO| (Fi^enius and 
Hintz, Zeitsch. anal. Chem. 35, 643). 

(ii.) The mixed oxalates obtained as before 
from the monazite sand are decomposed, and 
the metals converted into nitrates by repeated 
evaporation with nitric acid. The neutral solu- 
tion of the nitrates is diluted with aqueous 
ammonium nitrate (10 p.c.) warmed to 80^ 
and the thorium precipitated as peroxide by the 
addition of pure hydrogen peroxide solution. 
The precipitate, which contains a trace of 
cerium peroxide, is filtered, washed with aqueous 
ammonium nitrate, ignited and weighed os 
ThO| (Benz, Zeitsch. angew. Chem. 1902, 15, 
297 ; compare Chem. Zeit. 1908, 32, 509). 

(iii) Precipitation by organic acids. (a)Fumario 
|aoid precipitates thorium fumarate in 40 p.o. 

I alcohol, leaving the other rare earths in solution 
(Metzger, J. Amer. Chem. Soc. 1902, 24, 001). 
(iS) m-Nitrobenzoic acid in aqueous solution 
precipitates its thorinm salt, the separation 
being complete in the presence of aniline. 
Under these conditions, cerium, praseodymium, 
neodymium, and lanthanum remain in solu- 
tion (Kolb and Akele, Zeitsch. angew. Chem. 
1905, 18, 92). 

(iv.) Boiling with potassium azide in neutral 
solution leads to the precipitation of thorium 
hydroxide, the salts of the other rare earth 
metals being unaffected (Dennis, J. Amer. Chem. 

, Soo. 1896, 18, 947). Fusion with potassium 
hydrogen fluoride separates thorium a^ cerium 
from zirconium, for on extraction with water 
containing a little hydrogen fluoride, potassium 
zirconofluoride dissolves, leaving benind the 
fluorides of thorium and cerium (Chem. News, 
1897, 75, 230). 

Manganese and iron are separated in their 
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alloys {ferromansaneflo, Ac.) by dissolving the 
allov in hydrocblono acid with a little nitrio 
aoio. After boilins off nitrons fumes, the solu- 
tion is filtered and diluted with boiling water 
to 600 O.O. Ammonia is added tiU a faint 
turbidity remains, excess of neutral ammonium 
acetate is then quickly added, and the solution 
boiled. The basic ferric acetate thus preoipi- 
toted contains some manganese ; it is therefore 
redissolved and the separation repeated. The 
united filtrates are treated with excess of 
bromine followed by strong ammonia also in 
excess ; the liquid is vigorously agitated during 
the addition of these reagents, ana then heated 
slowly to boiling. The precipitate is collected, 
washed with bouing water, ignited and weighed 
as Mn|0| (compare Biggs, Anier. J. Sci. 43, 1.35 ; 
Gooch, Zeitsch. anoig. Chem. 1808, 17, 208; 
brearloy and Ibbotsoii. Chem. Nows, 1902, 82, 
200; Zeitsch. anal. Chem. 1904, 43, 382} 
Jannasch and Hiihl, J. pr. Chem. 1905, 72, 1 ; 
Moore and Miller, J. Amor. Chem. Soo. 1908, 
30, 693). 

Nickel from cdbalt. The solution, which 
should contain but little free acid, is mixed with 
excess of pure potassium cyanide free from 
oyanate (the ordinary cyanide is fused with char- 
coal, dissolved in water, filtered, and evaporated 
in a silver dish), heated to boiling, and mixed 
with a solution of mercuric oxide in mercuric 
cyanide. The precipitate, when washed, dried, 
and ignited, leaves a residue of nickel oxide 
NiO, which is weighed. Cobalt is usually deter- 
mined by difference ; but if direct estimation 
is requinra, the filtrate from the nickel is eva- 
porated to dryness, heated for some time 
with strong siuphuric acid, and the cobalt 
ostimatod in the solution. 

Nickel can be separated from cobalt and aU 
the other metaJs of Groups III. and IV. by pre- 
cipitation in ammoniacal or dilute acetic acid 
solution with dimothylglyoxime {see Nsiimaiim 
of nickel). If ferric salts are present, they should 
be reduced to the ferrous condition, or tortario 
acid is added before rendering the solution alka- 
line ; the organic acid prevents the co-precipita- 
tion of iron, chromium, and aluminium (Brunok, 
Zeitsch. angew. Chem. 1907, 20, 1845). 

Cobalt from nickd, (i. ) In acetic acid solution, 
nitroso-jS-naphihol precipitates the cobalt as 
oobaltio mtroso-ff-naphthoxide (Ilinski and 
Knorre, Ber. 18, 690). (it) Oobaltio hydroxide is 
precipitated from a neutral solution of the two 
metolB by barium carbonate and bromine water 
(Taylor, Proo. Manchester Phil. Soo. 1902, 46, 
(il) 1). (iii.) Small quantities of cobalt can be 
detected and estimated in the presence of nickel 
by adding to a neutral solution concentrated 
aqueous ammonium thiocyanate. On shaking 
with amyl alcohol and ether, these organic 
solvents extract the double salt (NH 4 )|Oo(<^S)« 
(blue solution), leaving the nickel in the aqueous 
solution (Ber. 1001, 84, 2060 and 3913). Zino 
is also removed with the cobalt. 

Cobalt is precipitated as double nitrite on 
adding potassium nitrite to an acetic acid solu- 
tion of the two metals ; the nickel is left in solu- 
tion (Fisoher, Pogg. Ann. 72, 477 ; and Funk. 
Zeits^ anaL Ohem. 1907, 46, 1^ 

The solution is treated with ammoni um 
chloride, ammonia, and hydrogen peroxide, and 
warmed, when [0o(NHg)s01]Cl| is formed. On 


neutralising by means of acid, cooling, and 
A/lHing excess of ammonium molybdate, the 
cobalt is precipitated as OosO.,10NHg,6MoOs. 
This is wawed with water and dried at IKr 
(Carnot, Bull. Soo. chim. 1917 fiv.] 21, 211). 

Separation of zinCt manganese, nickd, and 
cobalt. The slightly acid solution of the four 
metals is treated with sodium carbonate till a 
permanent precipitate is formed, which is redis- 
Bolved by a few diops of hydrochloric acid; 
then for every 100 c.c. of liquid 16 drops of the 
same acid are added, followed by 10 c.o. of 20 p.o. 
ammonium thiocyanate ; the solution heated to 
70® is then saturated with hydrogen sulplude ; 
the zino in the precipitate is determined either 
as sulphide or oxide. Manganese is separated 
from niokel and cobalt by passing hydrogen 
sulphide into a solution of their salts in acetic 
acid containing excess of ammonium acetate, 
when nickel and cobalt are precipitated as 
sulphides ; the filtrate may, however, still con- 
fain small amounts of these metals. The solu- 
tion is concentrated, treated with ammonium 
sulphide, and then with acetic acid. A further 
precipitate of nickel and cobalt sulphides is 
thus obtained (v. Treadwell and ICramers, 
Zeitsch. anorg. Chem. 1001, 26, 184 ; compare 
J. Soc. Chem. Ind. 1905, 24, 228; Bull. Soo. 
Chira. 1908. (iv.) 3. 114). 

Zinc from nickel and cdbalt. Add excess of 
pure poiasMium cyanide and precipitate the zino 
with sodium sulphide. 

Group IV. — ^The metals of this group are 
separated from those of the following group 
by precipitation with ammonium carbonate (v. 
General methods of estimation). The liquid 
is first made alkaline with ammonia and after- 
wards heated to boiling to ensure complete pre- 
cipitation. 

Barium from calcium and stroniium. The 
dilute neutral or feebly acid solution is mixed 
with excess of freshly prepared hydrofluosilioio 
acid and one-third its volume of 96 p.o. alcohol 
allowed to stand twelve hours, collected on a 
weighed filter, washed with a mixture of equal 
parts of water and alcohol, and dried at 100®. 
Calcium and strontium are not precipitated. 

Barium from strontium. Ammonium bichro- 
mate and ammonium acetate are added alter- 
nately to a solution of barium and strontium 
salts containing ammonium acetate. After 
tliree hours the precipitate, BaCr 04 , is washed 
with ammonium acetate solution, dned at 180^, 
and weighed (Kahan, Analyst, 1908, 33, 12; 
V, Zeitsch. anal. Chem. 1905, 44, 742 ; J. Amer. 
Chem. Soo. 1908, 30, 1827). 

Barium and strontium from cakiutn. The 
solution is mixed with a concentrated solution 
of ammonium sulphate, using 50 parts of the 
latter salt for one part of the mixed salts, 
heated to boiling with addition of a small quan- 
tity of ammonuk, and the precipitate washed 
with water containing ammonium sulphate. The 
filtrate contains the calcium, which can be 
precipitated by ammonium oxalate. 

Calcium from strontium. Convert the metals 
into nitrates, evaporate to dryness, and extract 
with a mixture of equal volumes of alcohol and 
ether, which dissolves calcium nitrate but not 
strontium nitrate. 

Calcium from strontium and barium. The 
nitrates are dried at 140* and extracted with 
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amyl alcohol, which dtaBolvaa out the cakhim 
salt, leaving the other two undisaolved (Brown- 
ing, Amer. J. Sei 43, 60, 314). 

Calcium from magnuium. The oaloium ia 
precipitated by ammonium oxalate (e. Dtlermu 
nation of rnekus), adding sufficient of this salt 
to convert both metals into oxalat^ since 
oaloium oxalate ia appreciably soluble in a solu- 
tion of magnesium oliloride. In very accurate 
separations the precipitate should be ffitered off, 
redissolved in hydrochloric acid, and reprecipi- 
tated by adding excess of ammonia and a small 
quantity of ammonium oxalate (c/. Richards, 
Zeitsoh. anorg. Chem. 1901, 28, 71 ; Zeitsch. 
angew. Chem. 1908, 21, 692 ; J. Amer. Chem. 
Soo. 1909, 31, 917). 

Group V. — Magnesium from alkalis. The 
magnesium is precipitated with ammonium 
phosphate in the usual way, the filtrate evapo- 
rated to drjrness, heated to expel ammonium 
salts, the residue evaporated two or three times 
with strong nitric acid to remove hydrochloric I 
acid, and the phosphoric acid removed by stannic 
oxide (v. Phosphoric acid from metals ; v. Gibbs, 
Amer. J. Sci. [316, 114; Neubauer, Zeitsch. 
angew. Chem. 1896, 9, 430 ; Gooch, Zeitsoh. 
anorg. Chem. 1899, 20, 121). 

In solutions free from ammonium salts, the 
mamesium can be precipitated as magnesium 
hydroxide by the addition of aqueous barium 
hydroxide. The excess of barium ia removed 
by ammonium carbonate and the alkalis are 
determined in the filtrate. Magnesium chloride 
is also separated from the &lkali clilorides by 
isnition with mercuric oxide, when mercuric 
chloride and the excess of oxide volatilise, leaving 
magnesia, from which the soluble alkali chlorides 
are readily separated. 

Alkalis from magnesium, (a) The solution 
is made distinctly alkaline with pure milk of 
lime (calcium hydroxide suspended in water) 
and boiled for some time, care being taken that 
it remains alkaline. The liquid is filtered, made 
alkaline with ammonia, and the calcium pre- 
cipitated by adding ammonium carbonate and 
a small quantity of ammonium oxalate. The 
filtrate is acidified with hydrochloric acid and 
evaporated in a weighed platinum dish, heated 
to expel ammonium salts, and the alkaline 
ohloriaes weighed. They should dissolve com- 
pletely in water and should give no precipitate 
when mixed with ammonium carbonate and 
allowed to stand for some time. If any calcium 
is present, it must be removed by repeating the 
treatment with ammonium carbonate and 
oxalate. 

(6) The solution, which must contain only 
potassium, sodium, and magnesium, is mixed 
with excess of oxalic acid, evaporated to dryness, 
and the oxalic acid expelled by heating careful^ 
over a lamp until white fumes cease to come off. 
The residue is treated with water, when potas- 
sium and sodium dissolve as carbonates, whilst 
magnesium oxide remains undissolved. 

Alkalis from sUieates. {a) The finely pow- 
dered silicate (1 gram) is mixed intimately with 
an equal weight of ammonium chloride and 
eight parts of dense granular calcium carbonate, 
and heated to redness for half an hour. The 
product is boiled with water in a platinum or 
silvar dish for two hours, care being taken to 
make up the loss by evaporation, the liquid 


is filtered and the residue well washed with hot 
water. The filtrate^ which contains oaioium and 
the alkalis, is treated in the manner just de- 
scribed. In this method of decomposition, 
which is due to J. Lawrence Smith, the silicate 
is decomposed by the oaloium oxide, which is 
dissolved by the fused oaloium chloride formed 
bv the action of the ammonium chloride on the 
calcium carbonate. 

(b) The silicate ia treated in a platinum dish 
with excess of sulphuric and hydrofluoric acids, 
and the mixture evaporated on the water-bath 
until the mineral is entirely decomposed. The 
temperature ia then raised to drive off the 
greater part of the sulphuric acid, and the 
cooled residue extracted with water. The sul- 
phates are converted into chlorides by barium 
chloride, the metals of Groups III. and IV. pre- 
cipitated by ammonia and ammonium carbonate, 
the magnesium removed by barium hydroxide, 
and the excess of this reagent eliminated by 
ammonia and ammonium carbonate. The alkali 
chlorides remaining in the final filtrate are 
estimated as indicated in the following section. 
Certain native silicates of the andalusite group 
are not decomposed completely by this treat- 
ment with hyarofluoric acid; these minerals 
may, however, be broken up by ignition with 
ammonium fluoride. 

(e) The alkali and other metals contained in 
a refractory silicate may be separated by heat- 
ing the mineral with lead carbonate. Tne pro- 
duct is extracted with nitric acid; the lead 
removed as chloride and sulphide, and the 
metals in Ablution dealt with in the customary 
manner (Jannasch, Zeitsoh. anorg. Chem. 1896, 
8, 364). 

(d) Silicates of different types are decomposed 
by fusion with boric anhydride followed by 
extraction with methyl alcoholic hydrogen 
chloride and evaporation to remove the boric 
acid as volatile methyl borate (Ber. 1895, 28, 
2822 ; Zeitsoh. anorg. Chem. 1896, 12, 208). 

Potassium from sodium. The metals are 
converted into chlorides, which are evaporated 
to dryness and weighed together after drying at 
150^ The salts are dissolved in water, mixed 
with platinic chloride in sufficient quantity to 
convert both into platiniohlorides, and evapo- 
rated nearly but not quite to dryness. The 
residue is then treated with alcohol, which dis-' 
solves the sodium but not the potassium salt 
(v. Potassium). If the mixture is evaporated tq 
complete diyness and heated so that the sodium 
platinichloride becomes anhydrous, it dissolves 
with difficulty in alcohoL Under some condi- 
tions reversion takes place and sodium chloride 
separates in white crystals insoluble in alcohol. 
In this case the alcohol is very carefully evapo- 
rated and the residue again treated with platinic 
chloride. 

order to separate small quantities of po- 
tassium from large quantities of sodium, advan- 
tage may be taken of the fact that potassium 
chloride is more soluble than sodium chloride 
in strong hydrochloric acid (Zeitsch. analyt. 
Chem. 1880, 166). The dry mixed chlorides are 
thorou^y moistened with concentrated hydro- 
chloric acid : 2 o.o. of the acid is then added, 

I and the salt thenoughly crushed and stirred with 
a glass rod. After standing for a few minutes 
the acid is poured off into a small dish. Ten 
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rej^titions of thiji tr^tment, using 2 0 . 0 . of 
aoid Oaoh time, will sui^e to vemove all potas* 
eium, whilst the greater ^rt of the s^ium 
chloride is not dissolved. The acid solution is 
evaporated to donees and the potassium deter- 
mined as platiniohloride (Chem. Soo. Trans. 39, 
606). adopting this plan much less platinio 
chloride is required, and the separation is much 
more accurate. 

Lithivm from sodium and poiassium When 
a lithia-containing silicate (e.g. lopidolite) is 
broken up by one of the preceding processes 
the precipi table metals of Groups 1.-IV. are 
first removed and the alkali metals converted 
into chlorides. The combined chlorides are 
dried and weighed ; potassium is estimated in 
one portion, and in a second portion the lithium 
is estimated by extracting the chlorides with 
amyl alcohol, or better, tsobutyl alcohol, or 
witn ether-alcohol saturated with hydrogen 
chloride. Anhydrous lithium chloride is soltuile 
in these media, whereas sodium and potassium 
chlorides are practically insoluble therein (ef. 
Winkler, Zeitsch. anal. Chem. 1913, 62, 028 ; 
Analyst, 1013, 661 ; Palkin, J. Amer. Ohom. 
Soo. 1910, 38, 2326 ,* Analyst, 1017, 64). Lithium 
chloride has also been separated from the 
chlorides of the other alkali metals and barium 
by dissolving it in boiling pyridine, in which the 
others are insoluble (Kamenoerg and Krauskopf, 
J. Amer. Chem. Soo. 1908, 30, 1104; Skinner 
and Collins, J. Soc. Chem. Ind. 1013, 32, 214). 
(For the separation of lithium as phosphate and 
fluoride, see Ann. Chim. Phys. 98, 103 ; Frdl. 
29, 332, and Analyst, 10, 209.) 

Rubidium and caesium are separated from 
each other and from potassium by taking advan- 
tage of the difference in the solubility of their 
platiniohlorides. Rubidium hydrogen tartrate is 
more than nine times less soluole than the 
caesium salt. Caesium carbonate alone of the 
alkali carbonates is soluble in alcohol. Cicsium 
gives rise to a series of sparingly soluble per- 
halides and yields double chlorides with lead and 
antimony chlorides (v. Wells, Amer. J. Sci. 43, 
[3] 17; and Amer. Chem. J. 1901, 26, 265). 
The metals may also be separated by taking 
advantage of the difieront solubilities’ of their 
respective alums, particularly of their iron alums 
^Browning and Spencer, Amer. J. Sci. 1010, 42, 

Ammonium salts can bo removed from a 
^solution in two ways: (1) By evaporating to 
*dryness and carefully heating over a lamp until 
all fumes cease to come on. (2) By concen- 
trating the solution and heating for some time 
with excess of strong nitric acid. When evolu- 
tion of oxides of nitrogen ceases, the li(]|uid is 
evaporated to complete dryness and the nitrates 
converted into chlorides by repeated treatment 
with hydrochloric acid if necessary. 

B. The Estimation of Acid Radicals, 

Bromine from chlorine, (a) The two ele- 
ments are precipitated ^ excess of silver nitrate 
and wei{[hM together. The filter ash is removed, 
the prempitate cautiously heated to fusion, and 
a portion poured into a weighed porcelain boat. 
The boat is amin weighed, heated to fusion in 
a current of dry chlorine in a glass tube until 
all bromine is expelled, and the silver chloride ; 
formed is weighed. It is advisable to heat in | 


chlorine for a further period of ten minutes and 
weigh again. The loss of weight multMied by 
4*223 gives the amount of silver bromide in the 
weight of precipitate treated with chlorine, from 
which the quantity in the whole precipitate is 
readily calculated {v. Indirect methods of de- 
termination). 

This method gives accurate results if the 
proportion of bzomine is not too small. When 
a small quantity of bromine is mixed with a 
large quantity of chlorine, the former may be 
concentrated by taking advantage of the fact 
that if a limiM quantity of silver nitrate is 
added, the precipitate will contain all the bro- 
mine, but only a portion of the chlorine. In one 
portion of the substance the two elements are 
determined together by complete precipitation. 
Another portion in somewhat dilute solution is 
mixed with a quantity of silver nitrate insuffi- 
cient for complete precipitation, and allowed to 
stand in the cold for some time with repeated 
agitation. The precipitate is collected, washed, 
and weighed, and the proportion of bromine 
determined in the manner already described. 
The quantity of silver nitrate which should be 
used depends upon the relative proportions of 
chlorine and bromma If one part of bromine 
is present for every 1000 parts of chlorine, one- 
fifth or one-sixth of the silver necessary for com- 
plete precipitation should be used ; if one part 
to 10,000, only one- tenth ; if one part to 100,000, 
only one-sixtieth (Fchling). 

(b) The solution of tne two halides heated 
at 70®-80* is treated with ammonium persul- 
I phate, and the liberated bromine volatilised in a 
current of air, collected in sulphurous acid,, and 
estimated as silver bromide (Engel, Compt. rend. 
1894, 118, 1263). 

Iodine is separated from chlorine in exactly the 
same way as bromine from chlorine. The loss of 
weight on treating with clilorine, multiplied by 
2*669, gives the weight of silver iodide in the 
portion of precipitate taken. 

Iodine from chlorine or bromine. The solu- 
tion is slightly acidified with hydrochloric acid, 
mixed with palladious chloride until precipi- 
tation is complete, and allowed to stand in a 
warm place for twenty-four or forty-eight hours. 
The precipitate of palladious iomde Pdl, is 
oollcctod on a weighed filter, washed with warm 
water, and dried at 100^, or is reduced by heating 
in hydrogen and the metal weighed. 

Iodine can also be liberated by nitrous aoid 
and estimated volumetrioally {v, Votumetric 
methods). 

Bromine^ chlorine, and iodine from one 
another, (a) The thi^ elements are precipi- 
tated and weighed together in one part of the 
solution. In another part the iodine us separated 
as palladious iodide % palladious chloride, or 
better, nitrate; the excess of palladium is 
removed by hydrogen sulphide and excess of 
the latter % ferrio sulphate ; and the chlorine 
and bromine in the filtrate are precipitated com- 
pletely or fractionally and the bromine deter- 
mined in the manner previously described. The 
ohlorino is estimated by difference. 

(b) A direct method of estimating the three 
halogens in a mixture of their solubk salts has 
been investigated by Jannasoh and his colla- 
borators. Tbe process in its present sta^ of 
devdopment gives a sharp separation of ch&rme 
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and iodine, but the results lor bromine are 
rather low. The mixture disaolvea In 25 q.o. 
of water is heated to boiling with aoetio aoid 
and hydrogen peroxide, and we liberated iodine 
expelled by a current of carbon dioxide. The 
bromine is then liberated by adding excess of 
hvdrogen ^roxide and. moderately strong sul- 
phuric acid (5 : 3). The iodine is collected in 
an ammoniacal solution of hydrazine sulphate 
and the bromine in alkaline hydrazine sulphate. 
After acidifying with nitric acid, the iodine and 
bromine are precipitated as silver salts, and the 
chlorine left in the distilling flask is similarly 
precipitoted (Ber. 1906, 39, 196, 3656 ; J. pr. 
Ghem. 1908, 78, 29 ; Zeitsch. anorg. Chem. 1, 
144 and 245). (For other processes for sepa- 
rating the halogens, see Volumetric section ; and 
Monatsh. 13, 1 ; Chem. Soc. Trans. 1893, 63, 
1051 ; Compt. rend. 1898, 126, 187 ; Ber. 1899, 
32, 3615.) 

Several indirect methods of estimating these 
three elements in a mixture have been pro- 
posed. They are based on the methods given, 
together with the fact that the radicals may be 
precipitated exactly by a standard solution of 
silver nitrate and the precipitate weighed, the 
nd halides in the precipi- 


* + y A — B 

Cl ,C1 


Fresenius, 


proportion of silver and 
tate being thus determined 
Quantitative Analysis, sect. 5). 

Indirect Methods of Determination. This 
estimation of tw'o or three halogens in a 
mixture furnishes a good example of indirect 
methods of analysis, which are adopted in those 
cases where the separation of two or more 
constituents is either impossible or inconvenient. 
The calculation of the relative proportions of 
these constituents becomes possible when one 
can obtain as many independent relationships 
as there are radicals to bo determined. The 
estimation of chlorine and bromine (a) is a case 
in point. The loss of weight due to the replace- 
ment of Br.(79'92) by €1(35*46) is proportional 
to the amount of bromine present. Let w = 
loss of weight. Now 

Cl 35*46 , , ^ 35*46^ 

Vr ” 7F92 - 79-92®" = 

or Br s 1*797 w : i.e. the loss of weight multi- 
plied by 1*797 gives the quantity of bromme 
present. 

Similarly, the halogens in a mixture of 
soluble chloride, bromide, and iodide can be 
calculated from the following data : (i.) the 
amount of iodine present, set free by nitrous 
acid or hydrogen peroxide and aoetio acid ; 
(ii.) the total weight of mixed silver halides 
obtained from a known amount of mixture; 
(iii.) the silver required for the complete pre- 
cipitation of the three halogens ; this is obtained 
volu metrically. The indirect method can also 
be applied to the estimation of sodium and 
potassium contained in the mixed chlorides 
nom a silicate analysis (v. supra). The data 
required are: (i.) the weight A of mixed 
chlorides ; (ii.) the weight B of chlorine therein 
contained, this amount being determined either 
mvimetrically or volumetrically. Let x and y 
oe the amounts of potassium and sodium 
respectively, then these quantities are readily 
calculated from the following equations, where 
Gl, K, and Na represent the atomic weights of I 
these dements. I 


These indirect methods give useful results 
only when the atomic or molecular weights of 
the two radicals differ considerably, and when 
the quantities present are ^proxiraately e^ual. 
Moreover, the results are affected to a consider- 
able extent by comparatively small expert* 
mental errors. 

Cyanide from chloride. Silver nitrate is 
added in excess to an approximately 2 p.o. 
solution of soluble cyanide and chloride. An 
excess of normal nitric aoid is now added, and 
the mixture containing the freshly precipitated 
silver salts is distilled, when hydrocyanic acid is 
expelled quantitatively and estimated in the 
distillate by precipitation as silver cyanide with 
acidided silver nitrate, drying this precipitate 
at 110*, and* weighing in a Gooch crucible or on 
a tared filter paper (rlimmer, Chem. Soc. Trans. 
1904, 85, 12 ; compare also Richards and 
Singer, Amer. Chem. J. 1902, 27, 205). 

Phosphoric acid from metals, (a) The nitric 
aoid solution, as free as possible from hydro- 
chloric acid, and free from silicic and arsenic 
acids, is mixed with excess of a solution of am- 
monium molybdate in nitric aoid, heated gently 
for a few minutes, and filtered after standing for 
a short time. The precipitate is washed with 
dilute nitric acid, dissolved in ammonia, and the 
phosphoric acid precipitated by magnesia 
I mixture. This metnod is more especially ap- 
i plicable when the quantity of phosphoric acid 
£i relatively small. To prepare ammonium 
molybdate solution, 25 grams of the salt is dis- 
solved in 100 c.c. of dilute ammonia, and the solu- 
tion poured gradually with constant and vigorous 
agitation into 500 o.c. of a mixture of 3 vols. 
strong nitric acid and 1 vol. water. The liquid 
is heated at 50* for some time and the clear 
solution drawn off. 

(5) By stannic oxide. The nitric aoid solu- 
tion is concentrated, mixed with fuming nitric 
acid boiling at 86*, heated gently, and granulated 
tin added gradually in quantity not less than 
four times the amount of phosphoric aoid pre- 
sent. The stannic oxide produced forms an in- 
soluble compound with the phosphoric acid. 
This is filtered off, washed with hot water, dis- 
solved in caustic potash, the solution saturated 
with hydrogen sulphide, acidified with acetic 
acid, and the stannic sulphide removed. The fil- 
trate is concentrated, any stannic sulphide which 
separates subsequently is removed, and the 

fc horio acid is estimated in the usual way. 

riginal filtrate from the stannic oxide con- 
tains the metals previously combined with the 
phosphoric acid. 

(c) The nearly neutral solution is mixed 
with silver nitrate and digested for some time 
with excess of silver ca^onate. The phos- 
phoric acid separates as silver phosphate, the 
metals remain in solution with the excess of 
silver nitrate. The silver is removed by hydro- 
chloric acid. 

(d) When the phosphoric aoid is combined 
with metals which form phosphates insoluble in 
water but soluble in acetic acid, the solution 
is nearly neutralised, mixed with sodium or 
ammonium acetate, and a slight excess of ferric 
chloride containing a known weight of iron 
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addad. The liquid is heabed to boiling, the | Separation of 
mixture of ferric phosphate and basic acetate I J. Soc. Ghem. 


kosphorio and titanic aoids (v. 
A, 1896, 14, 443). Estimatioa 
phosphor-bronze (v. J. Amer. 
>7, 19, 396) in phosphor-tin 


weight of the ferric oxide gives the phosphoric Silicic acid from titanic acU. The ailioa 
anhydride P|0^. The precipitate may bo mois- and titanium dioxide ai^ weighed together, the 
tenM with nitric acid before the final ignition. mixture fused with a somewhat large quantity 
Phoaphoric acid in silicatea. In the analysis of ] ‘ 


jrRMpnortc ocfo tn stitcaiea, in tne analysis ot potassium hydrogen sulphate, and the cooled 
of silicates (v. supra) the phosphoric acid is mass extracted wim water. Silica is left un- 
found together with iron and aluminium in the dissolved, titanic oxide dissolves, and can be 


precipitate OToduced by ammonia in the filtrate precipitated from the filtrate by ebullition (v. 
from the suioa. This mixture is analysed in Titanium). 

accordance with the method indicated under the Sulphides* If the sulphides are decom- 
posable by hydrochloric acid, the hydrogen 

il 1 I • . I 1 1.1 


separations of metals (Group III.). 


Phoephorua and ailieon in iron at^ ateel. The sulphide is absorbed in hydrochloric acid con- 
iron or steel borings are dissolved in nitric acid taining bromine (v. Determination of metaU), 
(IHNOs Bp.gr. 1*4 : 1II|0) ; the solution eva- luHoluole sulphides are docom^Kised by gently 


porated to dryness, and the residue ignited heating with aqua regia or with hydrochloric 
carefully until all the ferric nitrate is converted acid and bromine, and the sulphuric acid 
into ferric oxide. The ignited residue is dis- estimated in the solution. The latter method 
solved in concentrated hydrochloric acid heated gives the total sulphur. 

nearly to boiling, when the ferric oxide and Sulphur in coal and coke. The finely pow- 
I>hosphate pass into solution, leaving insoluble dered material (1 gram) is mixed intimately with 
siliM. The rolution is eva^rated to dryness, 1 gram of calcined magnesia and 0*5 gram of 
moistened with strong hydrochloric acid, and sodium carbonate, and ignited to dull redness 
taken up with water ; the silica is collected, in an open platinum crucible for 1 hour, the 
ignited, and weighed, its jiurity being tested by mixture being stirred every five minutes with 
treatment with hydrofluoric and sulphuric acids, a platinum wire. I’he mixture is then heated 
The jphosphorio acid in the filtrate is estimated strongly for 10 minutes with 1 gram of am- 
by either of the following methods. monium nitrate. The residue is extracted vi ith 


(a) The ferric solution, diluted and almost water and the sulphate determined in the usual 
neutralised^ with ammonia, is reduced with sul- 1 way (Eschka). Tne sulphur may also be deter- 
phurous acid or sodium sulphite. Hydrochloric j mined by heating the coal with sodium or potae- 
acid is added and the excess of sulphur dioxide | sium carbonate (4 parts) alone, and extracting 


expelled by boiling. A small portion of the 
ferrous iron is now reoxidised u ith a few drops 
of bromine water. Ammonia is added care- 
fully till a brown precipitate is formed which 
becomes green on stirring. Acetic acid is added 
till the precipitate either dissolves or becomes 
whiter, and the solution then heated to boiling. 
The precipitate, which contains all the phos- 


the residue with hydrochloric acid and a fow 
drops of bromine (Nakamura). {Compare aho 
Zeitseb. angew Chem. li)U5, 18, 1560; Chcm.Zeit. 
1908, 32, 349 ; J. Kuss. Chem. Soc. 1902, 34, 457.) 

Sulphur in pyrites. The pyrites is oxidised 
either by fusion with sodium peroxide and 
sodium carbonate or by oxidation with nitric 
acid and bromine. These processes convert the 


A no precipnaLo, wjiicn contains all the phos- acid and bromme. These processes convert the 
phoruA as ferric phosphate mixed with basic sulphur to sulphate, which is estimated in the 
ferric acetate, is dissolved in hydrochloric acid, usual way (v. J. pr. Chem. 1892, [2] 45, 103 ; 
the solution evaporated nearly to dryness, excess Zoitsoh. auorg. Chem. 6, 303 ; l.c. 1896, 12, 
of citric acid added, and then magnesia mixture 129; J. Soc. Chem. Ind. 1905, 24, 7; Chem. 
and ammonia. The magnesium ammonium News, 1906, 93, 213). 

phosphate is redissolved in hydrochloric acid A convenient method of determining sulphur 
and reprecipitated in the presence of citric acid in pyrites consists in oxidation with bromine 
to remove a small amount of iron, and ignited in carbon tetrachloride solution, followed by 
and weiffhed aa Mcr.P.O.. 


or cicrio aoia adaod, and then magnesia mixture 
and ammonia. The magnesium ammonium 
phosphate is redissolved in hy^ochloric acid 
and reprecipitated in the presence of citric acid 


and we^hed as NgiPgO,. treatment with nitric acid, and precipitation of 

(0) The filtrate from the silica is evaporated the sulphuric acid as barium sulphate alter 
to dryness, the residue dissolved in dilute nitric removal of rilica and reduction of ferric salts 
acid, ammonium nitrate added, and the solution (J. Soc. Chem. Ind. 1912, 919). Bartsch (Chem. 
heatmg to boiling. A boiling solution of am- Zeit. 1919, 43, 33) finds that the sulphur in 
momum molybdate is then added to phosphate pyrites yiedds hydrogen sulphide when treated 
solution, when ammonium phosphomolybdate is with hydrobromio acid in contact with mercury 
prroipitated quantitatively. This precipitate is and bases on this observation a rapid method 
redissolved m ammonia to which ammonium j for the valuation of pyrites. For details of the 
nimte and ammonium molybdate are added, process and the apparatus employed, see Analyst, 
md reprecipitated by adding hot nitric acid to 1919, 148. 

The compound is now Sulphuric acid from aU other acida excepi 
piw, and la collected, w^ed with water con- hydrofiuosilicic by precipitation with barium 
tammg ammomum and nitric acid, and chloride in presence of hydrochloric acid, 

either dned at 160 -180 or gently ignited. In Sulphunc add from hydrofluoaUicic acid. 


IQOO oo lAA i* j Mkte of potassium siUcofluorlde (K.SiF.), washed 

^em. 32. 144 ; Amw. Chem. J. 34, 204;, with a mixture of equal volumre of al^hol and 
Analyst, 1909, 34, 392 ; (^hem* Zeit. 21, 442). water, and dried at 100®. The sulphuric acid in 



ANALYSTS. 


265 


the filtrate is estimated in the usual way after j 
evapmtion of the alcohol. 

Tiianic add from nlidc add {v. Silide add 
from tiianic add). 

Boric acid. The borates of the alkali and 
alkaline earth metals, when heated with pure 
methyl alcohol (free from acetone) and acetic 
acid, evolve all the boron present in the form of 
methvl borate (b.p. 65*). This liquid, when 
added to moist lime, is completely hydrolysed 
and the boric acid set free combines with the 
calcium oxide forming calcium borate. The 
decomposition is effected in a small retort fitted 
with a tap funnel for introducing further quan- 
tities of methyl alcohol. The retort is connected 
with a water condenser and a conical flask 
containing a weighed amount of quicklime. This 
lime is carefully slaked before the distillation, 
and the methyl borate dropping into the conical 
flask is decomposed and the boric acid taken up 
by the lime. The contents of the receiver are 
rinsed into a platinum dish, and the methyl 
alcohol ev^orated at as low a temperature as 
possible. The residue is cautiously ignited to 
destroy calcium acetate, and the increase in 
weight of the lime represents the amount of 
boric anhydride BjOj obtained from the borate. 
Instead of lime, aqueous ammonium carbonate 
may be used in the receiver, and the liquid 
poured on to slaked lime (from a known weight 
of quicklime) contained in a platinum dish 
(Zcitsch. anal. Chem. 1887, 26, 18, 364). 

VoLUMETBio Methods. 

In volumetric analysis the proportion of a 
substance is ascertained, not by separation and 
weighing, but by determining the exact volume 
of a reagent solution of known concentration 
required to produce some particular reaction, 
such as neutralisation, oxidation, or precipita- 
tion. The termination of the reaction is indi- 
cated by some end-reaction, which is usually a 
production, destruction, or change of colour, 
the formation of a permanent precipitate or 
the cessation of the formation of a precipitate. 
In determining the strength of caustic soda, for 
example, it is coloured yellow with methyl 
orange, and a dilute solution of sulphuric acid 
of known strength is added gradually until 
the yellow colour of the methyl orange just 
changes to red, thus indicating the point of 
neutralisation. The volume of acid required is 
noted; the weight of sulphuric acid which it 
contains, and hence the weight of soda which 
it will neutralise, is known, and thus the pro- 
portion of soda in the substance is determine. 

In order that a reaction may serve as the 
basis of a volumetric process, it must be rapid, 
simple, and definite, and not complicated by 
secondary reactions. It should remain constant 
through considerable variations in conditions, 
and Should not, for example, be materially 
affected by the degree of concentration of the 
solution. A final reaction should be rapid, per- 
fectly decisive, and should only require a riight 
excess of the reagent for its production. In 
many oases a ihiSi substance is employed to 
indicate the completion of the reaction, and is 
termed an indicator. It is an irUeriud indicator 
if it is added to the bulk of the liquid, an external 
indicator if drops of the liquid are removed and 
brought in contact with it. 


The execution of volumetric processes in- 
volves the possession of accurately graduated 
instruments of three kinds, via. flasks, pipettes, 
and burettes. The flasks should be fitted with 
well-^und stoppers, and should have some- 
whatlong necks, toe graduation being not higher 
than the middle of the neck, in order that there 
may be sufficient empty space for efficient agita- 
tion. Flasks holding respectively 1600 o.c., 600 
C.O., 250 C.O., and 100 c.o., are used. Each flask 
should have two graduation marks, vis. the 
containing mark, indicating the point to which 
the flask must bo filled in order that it may 
then contain the particular volume of liquid, and 
the delivery mark or point to which the flask 
must be fined in order that it may deliver the 
given volume of liquid when emptied by drain- 
ing. A pipette is usually a oyliiidrical bulb 
terminating at each end in a tube, the lower 
of which is drawn out to a jet, whilst the end 
of toe upper tube is slightly contracted so that 
it may be readily closed by the forefinger and 
the flow of liquid regulated or stopped altoeother. 
Usually a pipette has only a delivery mato, but 
occasionally they are graduated throughout their 
whole length, and then take the form of a some- 
what wide tube contracted to a jot at the bottom 
and terminating in a narrower tube at the top. 
Pipettes of 100 o.c., 50 o.o., 25 o.o., 10 o.o., and 5 
c.o. capacity are most generally useful. A burette 
is a long tube of uniform bore, 12 to 15 mm. in 
diameter, graduated in cubic centimetres and 
tenths or fifths. A convenient capacity is 60 o.o. 
It is open at the top and contraom at the 
lower end, to which a glass jot is attached by 
means of a piece of narrow indiarubber tubing. 
This tubing is nipped by a spring pinohoocK, 
which is opened by the pressure of the fingers, 
the flow of liquid oeing thus 
regulated. A better ^an is 
to insert in the indiarubber 
tubing a short piece of glass 
rod the diameter of which is 1 .2 

just sufficient to prevent the yiq, 0. 
flow of liquid when the tub- 
ing remains circular. If, however, the tubing 
is squeezed out laterally by the pressure* ot 
the thumb and forer finger (Fig. 9)^ « channel 
is made through which the fiquid can pass, 
and by increasing or reducing the pressure, the 
flow of liquid can be regulated to a nicety. 
Certain reagents act upon indiarubber, and for 
these a burette with a glass stopcock should be 
used. This form is, in fact, the most convenient 
for all purposes. The stopcock may be pre- 
vented from sticking by a little vaseline or 
paraffin, and from slipping out by a small india- 
rubber ring passed over the tap and round the 
burette tube. Sometimes toe tube carrying the 
stopcock is not in the same line with the burette, 
but is bent twice at right angles, so that the 
burette jet, although still verti^, is one or two 
inches in advance of the burette itself. This 
form is useful when titrating hot liquids, since 
the risk of heating the burette and its contents 
is reduced. An dtemative method is to have 
toe top of an ordinary burette funnel-shaped, 
which admits of the burette being slung m a 
stand by the funnel without other support, so 
that it can be tilted from the vertical when 
titrating hot solutions. 

Whm a burette is in use, it is important that 
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it should be supported in a vertical position. 
This can be done oy means of a clamp attached 
to a stand similar to a retort stand. A useful 
and easily oonstraoted burette stand is described 
in J. Amer. Chem. Soc. 1906, 27, 1442. 

When several different solutions are being used 
continually, it is convenient to have the series 
of burettes sttaohed to a revolving stand, so 
that each may be brought round to the front 
when required. Short test-tubes inverted over 
the tops of burettes serve to keep out dust. 

Slandard solutions should be kept in well- 
stoppered bottles in a cool place protected from 
bright light. When many determinations of 
the same Idnd have to be made, it is convenient 
to keep the reservoir of standard solution at- 
tached to the burette to facilitate the filling of 
the latter. A glass T -piece is introduced be- 
tween the graduated part of the burette and the 
stopcock or pinohcock, and is attached by means 
of an indiarubber tube to a tubulus at the bottom 
of the bottle which contains the standard solution 
and stands on a shelf above the burette. If this 
bottle has no tubulus, a class tube bent twice at 
right angles, with one limb reaching to the^bottom 
of the bottle and the other connected with the 
burette, is fitted into the nock of tlio bottle by 
means of a cork, and is kept always full, so that 
it acts as a siphon. There must, of course, be 
an entrance for air os the liquid flows from the 
bottle. The flow of liquid into the burette is regu- 
lated by a jpinchcock on the indiarubber tube. 
If the standard solution acts upon indiarubber, 
all these connections must be constructed of 
glass tubing. Burettes may now be obtained 
fitted with Greiner and Friedrich’s three-way taps 
(compare Fig. 12) ; those are readily connected to 
reservoirs and filled from the bottom. Filling 
the burette from the bottom avoids the forma- 
tion of air-bubbles, but it oan also be fiUod 
from the top if the tube from the stock bottle 
is bent slightly so that the liquid flows down 
the side of the burette. A convenient form of 
apparatus for this method, whioh is the only one 
avi^ble with an ordinaiy tap burette without 
a side-tube attachment, is described in Chem. 
News, 1906, 93, 71. When the standard solu- 
tion alters if exposed to air, the surface of the 
liquid may be covered with a layer of reotified 
paraffin of moderately high boiling-point, or the 
neok of the bottle may be provided with a oork 
oanying a tube containing caustic potash, or 
alkaline pyrogallate, througn whioh all air enter- 
ing the bottle has to pass. A still better plan 
is to fill the upper part of the stock bottle 
with carbon dioxide, or, if the nature of the 
solution permits, with coal gas, and oonnect it 
by means of a oork and tube with a self-acting 
carbon dioxide apparatus or the ordinary gas 
supply. When solution is withdrawn, carbon 
dioxide or coal gas enters. The burette should 
be kept permanently attached to the reservoir as 
just described, and the top end of the burette also 
put into communication with the inert gas supply. 

Graduation of ths innirumsnts , — Accurate 
calibration of the measuring vessels is of coume 
necessary if oorreot results are to be obtained, 
and it is never advisable to trust the makera' 
graduations. All the instruments should be 
oh^ked before being taken into use. Although 
it is sufficient for most purposes if the r^tive 
volumes of the vessels are correct, they should 


nevertheless be graduated in true cubic centi- 
metres. With gas-volumetric apparatus this 
prooeduie is essentiaL If the oalibration is per- 
formed at a temperature of 18^-20^, variations 
from the true volume resulting from the ex- 
pansion of the glass are so small for the intervals 
of temperature through which the laboratory is 
likely to vary, that they may be neglected. 

l^e vessels are checked by ascertaining the 
we^ht of distilled water at a Imown temperature 
which they will contain or deliver as the case 
may be. A large beaker of distilled water is 
placed in the balance room, and left for some 
nours till its temperature has become constant. 
The vessels to be calibrated are thoroughly 
cleansed by successive treatments with concen- 
trated caustic potash, distilled water, and a warm 
solution of ohromio acid in concentrated sul- 
phurio acid, and then rinsed well with distilled 
water. The flasks are then dried. A narrow 
strip of paper is attached vertically to the neok 
of tne litre flask near the mark, the flask placed 
on one pan of a large balance capable pf re- 
sponding to 0*06 gram, and counterpoised. 
Weights corresponding with the weight of wate r 
which at the temperature of the supply m use* 
will occupy 1000 C.C., are thenplaoed iu the |an ; 
the flask is filled nearly to the mark with water, 
and water is gradually added until flask and 
weights are in equilibrium. Any water ad- 
hering to the inside of the neck of the flask 
above the mark must be removed by means of 
filter paper. If the mark on the neok of the 
flask is thus found to be in error, a pencil mark 
is made on the strip of paper at the [xiint corre- 
sponding ^Ith the lower edge of the meniscus, 
the glass above and below is evenly, coated with 
a thin film of wax, and a horizontal ring is 
scratched through by means of a needle pre- 
cisely on a level with the pencil mark. The 
ring is covered with a small picoe of filter paper, 
M’hioh is moistened with hydrofluoric acid, care 
being taken to remove air- bubbles. After a 
few minutes the acid is washed off and the wax 
removed, when a new mark will be found etched 
into the glass. 

In calibrating volumes by determining 
weights of water, it is necessary to reduce the 
weight to vacuum standard, and then divide 
the result by the density of the water in order 
to obtain accurately the volume in true oubio 
centimetres. This calculation can be avoided 
by making use of the following table : — 


i® 

X 

0® 

119 

1® 

M3 

2® 

109 

3® 

1*07 

4® 

106 

6® 

107 


6® 

7® 

8® 

9® 

10* 

11® 

* 

1*09 

1*13 

1*18 

1*25 

1-33 

1*43 

<® 

12* 

1 13* 1 

14® 

16® 

16» 

17® 

X 

1-63 

1-66 j 

j 1*78 

1*93 

209 

2*26 

<® 

18* 

19* 

20‘ 

21» 

22* 1 

23® 

X 

2-43 

2-62 

2-82 

8-03 

3-26 

3*49 


24* 

26® 

26* 

27* 

28* 

29* 

3*73 

3*98 

4*24 

4*52 

4‘80 

5*08 


X ia the quantity to be subtracted from 1000 
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to obtoin tbo appaient weight (in air, when 
brass weights are employed) of 1000 ao. of water 
at the temperature I. For example, at 18^ the 
apparent weight of 1000 o.c. is 1000 — 2^ «> 
097*57 grams. 

The litre flask having been graduated to 
contain, it should now be graduated to deliver. 
Hie full flask is carefully emptied and allowed 
to drain for a definite time— say thirty seconds 
— again counterpoised with the water adhering 
to the inside, and again filled with a further 
1000 0 . 0 . of water in the manner previously 
described. The other flasks are naduated in 
the same w'ay, subtracting only from 500 
grams in the case of the ^ o.o. flask, from 
250 pams for the 250 o.o. flask and so on. 

The quantity of liquid which a pipette will 
deliver de]pend8 to some extent on the manner 
in which it is emptied. A smaU quantity of 
liquid always remains in the jet, and this should 
not be blown out. The best plan is to allow 
the pipette to empty itself whilst held verticaUy, 
and then to let it drain for twenty seconds with 
the point of the pipette just touching the side 
of the receiving vessel ; but the method of 
emptying employed in the calibration must be 
adhered to in its subsequent use. 

To test the accuracy with which a pipette 
has been graduated, it is filled to the mark 
with distilled water at an observed tempera- 
ture, the contents delivered into a light, tared, 
stoppered flask, and accurately weighed. The 
operation is repeated several times, and from 
the mean result the true volume is calculated 
by using the table previously given ; for it is 

dear that 1 — denotes the apparent weight of 

1 0 . 0 . of water at f®, or 1 + equals the volume 
at <• occupied by 1 gram of water weighed in 
air with brass weights. If the error in gradua- 
tion is greater than can be allowed, another 
mark must be made ; its position may be found 
by repeated trials, a strip of paper being pasted 
along the stem, and the volumes corresponding 
to various pencil marks being found as above. 
The new mark is then etched in with hydro- 
fluoric acid. 

A convenient method for directly calibrating 
pipettes is described by Thorpe (Quantitative 

Analysis). The pipette is sus- 

pended from one arm of a 

balance by means of a clip, . 1 

so as to hang perpendicularly I 

and pass through a hole in the 

bottom of the balance case or R 

of a specially constructed table. 

A suitable clip (Fig. 10) con- 
sists of a stout hrass wire frame 
carrying two clips of sheet H 
brass closed by sliding collars. H 
The upper end of the pipette W 
is pass^ through the lower L * i y g *l 
clip and connected by caout- II 
ohouo tubing with a glass stop- * 11 
cook fixed in the upper clip. ^ 

The other end of the stopcock Fio. 10. 
is provided with a piece of 
caoutchouc tubing, to which a piece of thermo- 
meter tube or a of wider glass tube 

can be attached* Ihe wider glass tube, which 
serves as a mouthpiece, is mst attached to 
the stopcock, and the pipette is filled with 


I water to a short distance above the mark, and 
then emptied by the method to be adopted 
in its subsequent use. It is then counter- 
poised on the balance with the adhering water 
i^de, the wide tube being replaced hy the 
thermometer tube, and the requisite weights 
placed on the other pan. The pipette is again 
mled to a short distance above the mark ; the 
thermometer tube, which is drawn out at one 
end, is attached again, and the stopcock is 
opened. Water drops very slowly from the 
end of the pipette, and it 
can be arrest^ the moment 
the balance is in equili- 
brium. The level of the 
water is marked on a piece ===? 

of paper gummed to the = 

pipette, and a new ring o - 
etched with hydrofluoric 
acid. J I 

The burette is most I > 

simply calibrated by the ^ f' 

method duo to Ostwald with M 

the help of a small pipette 9 

of about 2 &o. capacity, S r 1 

attached to the burette os 
indicated in Fig. II. The ^ ^ 

burette and pipette are filled || 

with water to the zero mark L ,,J J 

and the mark a respec- j 

tively, taking care to leave J 
no air bubbles in the tubes. 

The clip I (or the tap of the 
burette) is opened and water 9 
allowed to run from the | 

burette into the pipette till I 

the level 6 is reached. The I 

burette reading is then no- j 

ted, and th^ipotte emptied r 

to mark a. l^ese operations jj’iQ. [j. 


of filling the pipette, taking 
a burette reouing, and then emptying the pipette, 
are repeated to the full extent of the burette read- 
ings. Suppose, for example, that after twen^- 
four fillings the burette reading is 40*49 o.o. The 
burette is now refilled, and exactly this amount 
of distilled water is run out into a tared flask and 
weighed, using all the precautions that would 
be observed in an actual titration. From the 
table already given the true volume of this 
water is calculated. Suppose this to be 40*44 o.o. 
Then the volume of the calibrating pipette must 

bo ^^ = 2*060 0 . 0 . The differences between 
the successive burette readings and the sue- 
c<^ssive numbers 2*06, 4*12, 0*18 . . . give at once 
the burette errors at these intervals, due regard 
being paid to the sign of the difference. In the 
example quoted, the correction to be applied 
for 60 C.O. is obviously —0*06 c.o. {see J. Amer. 
Ohem. Soc. 1900, 22, 140 ; and for a modifica- 
tion of above, J. Amer. Ghem. Soc. 1901 , 23, 484). 

A better design for a calibrating pipette is 
shown in Fig. 12, which also illustrates the 
Greiner and Friedrich three-way tap (Morse 
and Blalock, Amer. Chom. J. 1894, 16, 479). 

The gas burettes described under Oaa 
ano^sis may be calibrated in much the same 
way as an ordinajy burette, by filling wi^ 
water or meroury, 'omwing off aliquot portions 
and weighing them, the temperature of the liquid 
I being noted and the appropriate oorreotion 
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for expansion. Any error thus detected must 
be used os a correction in subsequent readings. 

Standard eoMioTia. — TheiM 
form the basis of all volumetric 
work, and great care should be 
exorcist in their preparation. 
When a solution is used only 
for the estimation of one 
substance, it may be convenient 
to adjust its strength so that 
each c.c. is equivalent to some 
simple and definite quantity of 
the substance, say O'Ol gram; 
but for general pui^osos the 
so-called normal sotaiions should 
be employed. A ‘normal dolu- 
tion contains in 1000 o.o. the 
equivalent in grams of the active 
substance. A solution of onc- 
tenth this strength is termed a 
dccinormal solution, and one 
of a hundredth a ccniinormal 
solution. Thus a normal solu- 
tion of sulphuric acid contains 
49*04 grams of real acid per 
litre, a decinormal solution of 
iodine contains 12*60 grams of 
iodine per litre, and each litre 
of a decinormal solution of 
potassium permanganate con- 
tains 0*8 grams of active oxygen. 

Standard solutions are usu- 
ally made up ajiproximately 
normal or decinormal as the case may be, 
and afterwards accurately standardised by 
titration against a weighed amount of some 
pure compound. If the solution has been pur- 
posely made rather too concentrated, it may 
then bo suitably diluted until exactly normal 
or decinormal. Since accurate adjustment by 
dilution is diflicult to effect, and in a certain cases 
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inadvisable, it is usuallv better to avoid the 
process and determine a factor by which readings 
must be multiplied in order to convert them into 
equivalent readings of a normal or decinormal 
solution. For example, if 1 o.o. of potassium 
permanganate solution is found to be capable 
of oxidising 0*005630 grams of iron, then since 
the corresponding figure for a decinormal solu- 
tion is 0*005685, the permanganate is or 

1*008 times decinormal, and when using it to 
estimate a substance of equivalent x, each o.s. 

*bf permanganate will oxidise X 1*008 

nams of substance. When only one or two 
utres of a standard solution are required, and 
the pure reagent is at hand, the exact quantity 
may be weired out and diluted to the appro- 
priate volume ; e.g. solutions of silver nitrate and 
potassium dio^omate may be thus prepared. 

Jfeasursmenfs.— In measuring out solutions, 
Ao., the vessels must be perfectly dry, which is 
inoonvenient, or must bo well drained and then 
rinsed out w*ith a small ciuantity oi the solution 
to be measured, which is allowed to run away. 

To read correctly the level of the liquid in a 
burette or pipette requires certain precautions. 
In the first place, the instrument must be held in 
a vertioal position. Ordinary liquids form a 
concave sumce, or meniscus, and the reading 
should always be taken from the lowest point of I 


this curve, except in the case of very dark- 
coloured solutions, when the uppw Ime of ths 
surface must be taken. The meniscus must be 
propvly illuminated, and on a level with the 
eye, in order to avoid parallax. The best 
method of avoiding this error is by the us6 of 
a burette having the graduation marks earned 
half-way round the tube. In default of such 
a burette, uso may be made according to Mohr 
of a piece of card one-half of which is black 
and the other half white. This is attached to 
the burette by an indiarubber ring, and is ad- 
justed so that the horizontal edge of the black 
half, which is lowest^ is 2 to 3 mm., InU not 
more, below the meniscus. The lower edge of 
the curve then appears black against the white 
back^ound. If the card is too low, the reading 
will be slightly too high. The little clamp and 
screen design^ by Gookel are based on the 
same principle. Some burettes are provided at 
the back with a dark vertioal line on a milk 
glass background. When the eye is on a level 
with the bottom of the meniscus, the dark line 
appears to be drawn out to two fine points 
which just touch one another. By means of 
those clevioes accurate readings can easily be 
taken oven without using a burette float. 

In addition to the errors inoident to all 
analytical processes, another error arises in 
volumetric analysis, owing to variations in the 
concentrations of the solutions due to changes 
of temperature. In the ease of N/lO-solutions 
this affects the results to the extent of 0*1 p.o. 
lor each 6^ variation in temperature. With 
concentrated solutions, ospeoially those of the 
aoids and alkalis, the error is greater. The 
coefficients of expansion of certain standard 
solutions have been determined by A. Sohulze 
(Zeitsoh. anal. CUem. 21, 167). 

Errors due to changes of temperature may be 
eliminated by weighing the solutions instead of 
measuring them. The liquid is contained in a 
light glass bottle, with a lone jet-like neck, and 
a tubuliiB at the shoulder which can be dosed 
by the finger, and the flow of liquid thus regu- 
lated. Tm bottle is weighed, the solution 
poured gradually from it until the reaction is 
complete, and the bottle again weighed. The 
difference between the two weighings gives the 
quantity of solution used. Convenient weight 
burettes are described in Chem. News, 1877, 
36, 98 ; J. Amer. Chem. Soo. 1908, 30, 31. 

Volumetric methods may be broadly classi- 
fied as 1. Methods of Saturation ; 11. Methods 
of Oxidation and Reduction ; 111. Methods of 
Precipitation ; and examples of the two latter 
types of processes are indicated bdow. (For 
methods of saturation, v. Aoidibiitby and 
Alkaumetby. ) 

In the following seotion the methods for 
I preparing and standardising the more com- 
monly employed solutions are first described, 
followed by details of the various volumetric 
estimations for which these solutioqs may be 
conveniently employed, alphabetically arranged 
under the names of the elements that are 
determined. 

Pbbparation ov Standabd Solutions. 

Potassium permanganate. 

Employed as an oxidising agent, usually in 
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dilnte snlphiiric aoid Boluiion, when the per- 
manganate decomposes aoeording to the equa- 
tion: 

2 KMn04‘4"8H |SO 4 

»K4S04+2MnS04+8H40+60. 

The oxidation of ferrous sulphate, for ex- 
ample, is represented in the following manner : — 
2KMn04+ 10FeS04+8H,S04 

= KaS 04 + 2 MnS 04 + 6 Fe 4 (S 04 ) 3 + 8 H,O 
and of oxalic aoid thus : 
2KMn04+6HA04+3H,S04 

= K 4 S 04 -f 2MnSO4+8H.O4-10CO4. 

In order to facilitate calculation, these oxida- 
tions are conveniently expressed as a trans- 
ference of oxygen from one oxide to another, e.p. : 

lOFeO+MnjO, « 6Fe40j+2Mn0. 

The utility of permanganate solution de- 
pends upon the facts that such oxidation pro- 
cesses are usually quite easy to effect, the end- 
point being readily indicated by the solution 
acquiring a faint permanent pink tinge, due to 
the presence of a slight excess of permanganate, 
which thus acts as its OAvn indicator. Oxida- 
tion usually proceeds rapidly at the ordinary 
temperature, hut solutions of oxalic acid must 
bo heated to 60°-80". It is most essential that 
a considerable excess of sulphuric acid should 
be present (about 6 c.o. of concentrated aoid per 
100 0.0. of solution), since otherwise the solution 
becomes turbid owing to the separation of 
manganese dioxide, and the determination is 
spoilt. The presence of hydrochloric acid in 
the solution should be avoided, if possible, since 
it reacts with the permanganate under certain 
oiroumstanoes, particularly in the presence of 
iron salts. The error that thus arisos can be 
reduced to a negligible amount by adding 
manganese sulphate to the solution, ana titrating 
very slowlv. The addition of colloidal silicio 
acid, added in the form of a solution of sodium 
silicate, containing about OT gram SiOg per 
1 O.O., entirely prevents the oxidation of the 
hydrochloric acid in presence of manganous 
sulphate. 

Preparation and titration of the solution. — A 
decinormal solution contaming 3 TO grams of 
the salt per litre of solution is most convenient 
for general use ; it is most readily prepared by 
grinmng the solid repeatedly with small amounto 
of distiUed water in a mortar and decanting the 
solution into the stock bottle. After a day or 
two, the solution is filtered through asbestos, 
and standardised. If kept away from direct 
sunlight, reducing gases and dust, it retains its 
titre for a long time ; its spontaneous decom- 
position is largely augments by the presence 
of solid dioxide, which explains the necessity 
for the filtration through asbestos (Amer. Ohem. 
J. 1896, 18, 401). 

The solution is best standardised against 
eleotrolytio iron, anhydrous sodium oxalate, or 
by the iodimetrio method of Volhard, using a 
thiosulphate solution which has been recently 
titratea against pure iodine. (For the latter 
method, see ThiokdphaJU solution, and for the 
first, which requires a somewhat complicated 
apparatus, consult l^»adwell-Hall, vol. 2, 81.) 

Titraiion by sodium oxalate . — ^This method 
was proposed by Sdrensen, and its accuracy 
has been foUy established by various other 


chemists (Zdtsoh. aagew. Chom. 1902, 16, 
1244 ; 1904, 17, 230 and 269 ; 1906, 18, 1620). 
The pure oxalate, prepared by Kahlbaum accord- 
ing to SOtensen's diMtiona, should be dried at 
100* for a few hours before use. 

Three or four portions of the oxalate, each 
weighing about 0*25-0*30 grams, are dissolved 
in an excess of dilute sulphuric acid ; the solu- 
tions are warmed to 00*-^0*, and titrated with 
the permanganate solution until a faint, per- 
manent pink colouration is obtained. From 
the relation 2NaoC,04 » O4, the value of the 
permanganate solution is calculated for each 
titration, and the mean of the concordant 
results adopted as the true value (e/ McBride, 

J. Amer. Chem. Soc. 1912, 34, 393). 

Many other methods for standardising per- 
manganate have been proposed, e.g, titration 
against crystalline oxalic aoid 1X40904,21140, 
ammonium oxalate (NH4)9C204,H.0, ferrous 
sulphate FeSO 4,71190, Mohr's swt FeS04. 
(Ntl4)9S04,6H9(), &o., which although at times 
convenient, arc less accurate than the methods 
given. Standardisation against iron wire is not 
to be^ recommended, since the small quantities 
of oxidisable impurities present consume more 
permanganate than would be required by their 
own weight of iron, and the error is augmented 
by making allowance for the actual iron content 
of the wire (Zeitsch. anal. Chem. 1903, 42, 359 ; 
Zeitsch. angew. Chem. 1901, 14, 1233; also 
Treadwell-lfall, Ic.). 

It is usual to express the concentration of a 
permanganate solution in terms of the amount 
of iron it can oxidise; thus 1 0.0. of N/10» 
KMnO^ = 0*006585 gram Fe. 

Potassium dichromate. 

A solution of this reagent may replace 
permanganate in the titration of ferrous saks, 
with the advantage that it can be used in the 
presence of either hydrochloric or sulphuric acid. 
An excess of free acid is essential, the oxidation 
of ferrous chloride, for example, proceeding 
according to the equation : 

K. Cr90,+9Feaa+14Ha 

- 2KCl+2Cra,-f-6Fea,-i-7H.O 

which is essentially : 

2CrO,-f6FeO = CrjOg-f SFeiO,. 

A decinormal solution obtained by dissolving 

-■ 4*903 grams of the pure dry re- 

crystallised salt in distilled water and diluting 
the solution to 1 litre, requires no further 
standardisation. A stock solution of approid- 
mate strength may be standardised against 
several weighed amounts (1*0-1 *4 grams) of 
pure ferrous ammonium sulphate by a similar 
procedure to that described under the standardi- 
sation of permanganate by sodium oxalate. The 
titrations, however, are made in cold solution, 
and the dilute sulphuric acid used should be 
gently boiled for half an hour to expel dis- 
solved air, and cooled rapidly just before use. 
Since the green colour of the onromio salt pre- 
vents! the excess of diohromate from being seen^ 
an external indicator is necessary. Drops of a 
dilute solution of potassium ferricyaniae, free 
from ferroevanide, are placed on a white plate, 
and from time to time the end of a glass rod. 
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previouslv dipped in the titrating flask, is 
brou|;lit mto contact with a drop of the ferrl- 

S ^anide. As lon^ as any ferrous salt remains a 
ue precipitate u produced ; the approach of 
the end is indicated the decrease in intensity 
of the blue colouration, and when very near 
the end about thirty seconds should be allowed 
for the colour to develop. The end>point is 
reached when the blue colour ceases to appear. 
The ferricyanide solution should be prepared 
only when required by dissolving in water a 
crystal of the salt which has been rinsed to remove 
superficial fcrrocyanide ; the yellow colour of 
the drops on the white plate should be barely 
visible ; if the ferricyanide is too concentrated, 
the blue colouration changes through various 
shades of green into a brown tint. 

Iodine, Sodium thioaulphaie, and Sodium arsfinite. 

Deoinormal solutions of these reagents are 
frequently used in conjunction with one another. 
The reaction between iodine and sodium thio* 
sulphate is essentially : 

2Naj,SaOa+I, =» NajS^Oa+^Nal 
although under certain ciroumatanccs oxidation 
to sulj^ate proceeds to a small extent, even at 
the ordinary temperature (Piokoring). When 
usin^ deoinormal solutions the end-point is 
readily indicated by the appearance or dis- 
appearance of the yellow colour of the iodine, 
provided the solution undergoing titration is ' 
not unduly diluted and is otherwise colourless. | 
The production of a blue colour when free 
iodine and starch solution are brought together 
is, however, much more sensitive, and is the 
method usually employed in ascertaining the 
endpoint. 

Preparation of starch solution , — About 1 gram 
of powdered starch is rubbed into a paste with 
a little cold water, and slowly added to 200 o.c. of 
boiling water, the boiling is continued for two 
or three minutes, the solution cooled, and after 
some hours the clear liquid is decanted. The 
solution will only keep for one or two days, 
unless sterilised, when it is conveniently pre- 
served in small bottles, completely filled and 
closed by soft rubber stoppers; it will then 
keep indefinitely. Starch paste prepared from 
(Tastine’s formida (6 grams starch, 0*01 gram 
merourio iodide, and 1 litre water) retains its 
sensitiveness for a long time. Addition of 1 o.o. 
of oil of cassia to a litre of starch liquoi is also 
recommended as a preservative. 

* Sensitiveness of the iodine-starch reaction . — 
This depends upon several oiroumstanoes. It 
is necessary to work with cold solutions, pre- 
ferably neutral or slightly acid; the presence 
of mineral acid in h^h concentration greatly 
impairs the sensitiveness of the reaction, since 
it nvdrol^ses the starch. It is essential that 
a soluble iodide should be present (usually this 
is potassium iodide) in moderate amount ; the 
best concentration of potassium iodide to 
employ is about N/ISO, since the sensitiveness of 
the reaction then reaches a maximum (ass Zeitsch. 
anal. Chem. 1902, 41, 485 ; Amer. J. Soi. 1900, 
[iv.] 10, 151 ; J. Amer. Chem. Soc. 1909, 31, 
1038). 

Good starch solution first yields a pink 
colouration with iodine, which mote iodine 
develops into the blue colour; starch which 


produces green tints should be rejected (J. Amer. 
Chem. Soc. 1908, 30, 31). It frequently happens 
in titrating arsenious and antimonious oxides 
with iodine that various tints of red make their 
appearance instead of the usual blue coloura- 
tion. This is due to impurity in the starch : hi 
such a case one or two grams of potassium iodide 
are added, the end-point being ascertained from 
thedevelopmentof tne yellow colour of the iodine, 
and then confirmed by the starch (Amer. J. Sci. 
1902. [4] 13. 379). 

Sinnatt (Analyst, 1910, 35, 309) has shown 
that 1 0 . 0 . of a dilute aqueous solution of 
methylene blue (0*05 gram per litre) may be 
used in place of starch as an indicator in iodi- 
metrio ntrations {see also Analyst, 1912, 37, 
2521, 

For the iodine solution 25 grams of potassium 
iodide are dissolved in a little water, 12*7 grams 
of commercial iodine added, and the mixture 
shaken till the iodine has dissolved ; > the solu- 
' tion is then filtered through as^stos and 
I diluted to 1 litre. It should be kept in the 
'dark, and protected from dust. For the thio- 
\ sulphate solution the crystalline salt NasS^Oi, 
|5UaO is dissolved in distilled water, using 
25 grams per litre, and the solution kept away 
I from direct sunlight for two weeks before it is 
I standardised. It then retains its titre for 
months. For the sodium arsenite, 4*948 grams of 
rcuublimed arsenious oxido are dissolved in a 
little warm sodium hydroxide free from iron, 
the solution rinsed into a litre fiask, and made 
just acid to phenolphthalcin with dilute sul- 
phuric acid. A filtered solution of 20 grams of 
sodium bicarbonate in 600 c.c. of water u added, 

. and if the mixture reacts alkaline to the phenol- 
Iphthaleln, sulphuric acid added till the pink 
I colour disappears. This solution, when diluted 
to 1 litre and thoroughly mixed, is strictly deci- 
normal, and keeps indefinitely. A measured 
, quantity of the N/IO -arsenite solution is delivered 
into an Erlonmeyer flask, and the iodine solu- 
tion run in from the burette until present in 
slight excess, starch paste being adaed nearly 
at the finish of the titration {see remarlb on 
starch above). The reaction 
I AssO,+2Is+2HsO ^ As,0,-f 4HI 
'proceeds to completion in the sense of the upper 
arrow in neutral solution, a condition secured 
by the presence of the bicarbonate, which 
neutralises the hydriodio acid produced. Since 
the solution should be saturated with carbon 
dioxide, it is advisable to stopper the flask 
except when actually introduomg the iodino 
(J. Amer. Chem. Soc. 1908, 30. 31). 

The iodine being standardise, the thio- 
sulphate can be directly titrated against it, 
preferably by running the iodine into a measured 
volume of thiosulphate. 

Blauy alternative methods have been pro- 
posed for standardising iodine and thiosulphate 
solutions. The latter may be titrated against 
pure iodine : 0*5 gram of pure iodine and 0*1 gram 
of potassium icmide are powdered and mixed 
together in a porcelain dish, and heated on a 
sand-bath till vapour is copiously evolved ; the 
dish is then covered with a dry watch-glass, and 
the greater part of the iodine sublimed on to it. 
The watch-glass is covered with a second accu- 
rately fitting glass and the whole weighed, the 
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irdght of tbo glaa^ having been previously 
‘oimd. The whole is gently ]^ced in a solution 
>f 1 gram of potassium iodide in 10 o.o. of water, 
ind after a few seconds the solution is diluted 
JO 100 O.O. and titrated with the thiosulphate. 

The thiosulphate may also be standardised 
igainst permanganate, itself verified by reference 
.o sodium oxalate. One or two grams of potas- 
iium iodide are dissolved in water, acidified with 
$ 0 . 0 . of hydrochloric acid (1:6) and 25 o.g. of 
itandard permanganate added. The iodine, 
ivhich is quantitatively liberated : 

Mn.O, + lOHI « 2MnO + 6H,0+5I. 
is then titrated wj^ the thiosulphate, after 
diluting the solution m 100 o.o. By the reverse 
process of calculation, a permanganate solution 
may be standardised against a thiosulphate 
solution that has been verified by either of the 
preceding methods {see Standaraisation of per- 
manganate; e/.Annalen, 1897,198,333; Zeitsoh. 
Eingew. Ghem. 1904, 17, 815 ; Ann. Chim. Anal. 
1904, 9, 360; Zeitsoh. anorg. Ghem. 1906, 49, 
277). 

(For the use of potassium dichromate in this 
connection, see Volumetric estimation of 
chromium: Zeitsch. anorg. Ghem. 1899, 19, 
427; 1906, 49, 277. See also Copper under 
Volumetric estimaiions. For a gravimetric 
method for standardising iodine solution, consult 
Amer. J. Sci. 1909, (iv.) 28, 33.) 

Titanous chloride. 

This reagent, introduced into volumetric 
analysis by Knecht ( J. Soc. Dyers and Colourists, 
19, No. 6; Ber. 1907, 40, 3819), is a powerful 
reducing ^ent. For example, a hydrochloric 
acid solution of ferric chloride is quickly and 
quantitatively reduced in the cold, according to j 
the equation : 

Fe0l3 ”1“ TiCl3 s®* FeClg -i- Tid4 
and the end>point is reached when a drop of 
the liquid ceases to produce a red colouration 
with potassium thiocyanate. (Chromic acid and 
cupric salts may be similarly estimated, and 
also a large number of organic dyes. 

Fifty O.O. of the commercial 20 p.o. 
solution of titanous chloride, which usually con- 
tains a little iron, are mixed with an equal 
volume of concentrated hydrochloric acid, boiled 
for several minutes, and diluted to 1 litre with 
air-free water. The solution must be kept pro- 
tected from the air; a convenient method is 
figured in Sutton’s Volumetric Analysis (9th ed.), 
p. 224. 

The concentration of the solution is fixed 
by titrating against a known quantity of either 
ferric salt or potassium diclnomate. In the 
former case 35 grams of pure ferrous ammonium 
sulphate are dissolved in dilute sulphuric acid 
ana the solution diluted to 1 litre ; 26 o.c. are 
then exactly oxidised with dilute permanganate, 
and the resulting ferric sulphate titrated with 
the titanous chloride until a drop of the solution 
no longer gives a red colour with potassium 
thiocyanate. Instead of using this * spot-out * 
method, 19>-20 o.o. of 10 p.o. potassium thio- 
cyanate may be added to the ferric solution. 
H the standardisation be effected with potas- 
sium diol^mate, addition of the indicator to 
the solution itself is inadmissible. Nearly aU 
the titanous chloride necessary, may, however. 


bo added at once, since the colour changes, 
through orange to green and then violet, afford 
an indication of the end-point. Drops of solu- 
tion are removed for testing when the green 
colour has just disappeared (J. Soc. Ghem. Ind. 
1908, 27, 673). 

Pure ferric alum, the preparation of which 
is described by De Koninok (Bull. Soc. ohim. Bels. 
1999, 23, 222), might also be employed for this 
standardisation. 

For a number of estimations it is necessary 
to employ titanous sulphate instead of the 
chloride. 

Stannous chloride. 

This reagent has long been employed as a 
reducing agent, but the closely allied and more 

S owerfuUy reducing titanous salts appear to be 
isplacing it. Ferric salts are easily reduced 
in hot acid solution : 

2FeCl, -f SnCl. * SnCl^ + 2FeCl,. 

Iodine in cold acid solution oxidises it 
quantitatively : 

2Sna3 + 2I3 « Snl4 -f SnO*. 

Ten grams of pure tin in thin pieces are 
heated with 200 c.c. of concentrate hydro- 
chloric acid in a platinum dish until dissolved : 
or a glass flask may be used with a piece of 
platinum foil touching the tin to promote its 
I speedy solution. The solution is diluted to 
i 1 litre, and preserved out of contact with the 
air. 

The solution is best standardised by that 
process for which it is afterwards to be employed, 

I e.g, if required for iron estimations, by titration 
against a known amount of ferric chloride. 
Ino latter may be obtained by dissolving 
10*03 grams of bright iron wire (D9'7 p.o. iron) 
in hymrochlorio acid, oxidising with potassium 
chlorate, expolling the excess of chlorine by 
boiling, and diluting the solution to 1 litre; 
25 o.c. are conveniently used for titrating the 
above solution. 

Several methods have been proposed for 
determining the ond-point. The iron solution 
containing 20-40 o.c. of ooheenirated hydro- 
chloric acid in a volume of 125 o.c. may be 
titrated nearly at the boiling-point, 15 0 . 0 . of 
indicator solution (34 grams HgClli-f 0*05 gram 
Ft as chloride per litre) being €Mlded. The 
end-point is reached when a dark-eloud of 
finely divided mercury and platinum is pro- 
duct (Amer. Ghem. J. 1893, 15, 360). Or a 
drop of the solution may be mixed with am- 
monium molybdate on a white plate; the 
slightest trace of stannous salt causes a blue 
comuration. An alternative is to add a slight 
esiess of stannous chloride, and titrate back 
the cold solution with iodine. 

(For the standardisation by means of iodine, 
tee Volumetric estimation of tin,) 

Silver nitrate. Sodium chloride, and Am* 
monium tiUocyanate, 

These precipitation reagents, which are con- 
veniently made of deoinormal strength, too ol 
great sekvioe for the volumetric estimation of 
silver, copper, mercury, the halogen acids, 
cyanides, and thiocyanates. 

Silver nitrate is used either in neutral or in 
nitric acid solution. In the first case potassium 
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obromate i« employed os indicator «rben halosens 
are being estimated (Mohr’s method). Suver 
chromate is decomposed by solutions of halogen 
salts forming silver halide metallic chromate; 

con8e(|uenily, silver chromate cannot TOrmanentiy 
exist in the solution until all the halogen haiB 
been precipitated. The first drop of silver 
nitrate in excess then produces a ^rmanent 
precipitate of silver chromate, which gives a 
faint red tint to the previously pale-yellow 
liquid. This colour change is more readily 
observed in monochromatic light (from a power- 
ful sodium flame). One or two drops of a 
10 p.o. solution of potassium chromate arc 
add^ to the solution, which should not be 
unduly diluted. Silver chromate is soluble in 
mineral acids or ammonia ; hence the necessity 
for working in neutral solution. An alkaline 
solution may be acidified with dilute nitric acid, 
and then neutralised with powdered calcium 
carbonate. Barium must be absent from the 
solution, since it precipitates the indicator ; it 
may be removed with sodium sulphate. 

In the presence of nitric acid, silver nitrate 
and ammonium thiocyanate solutions are used 
in conjunction (Volhard’s method, Annalcn, 
1878, 100, 47). The addition of thiocyanate to 
a nitric acid solution containing silver causes 
the precipitation of white silver thiocyanate, 
and the end-point is indicated by the rod 
colouration produced by the interaction of the 
first drop of thiocyanate in excess with a ferric 
salt previously introduced into the solution. 
The tniocyanate should always be added to the 
silver solution. The ferric indicator is prepared 
by adding nitric acid (4 : 1 boiled to expel 
nitrous acid) to a saturated solution of iron 
ahim until colourless ; 5~10 o.o. are used in the 
titration. 

Standard sodium chloride solution is used 
for the estimation of silver by the very exact 
method originally due to Gay-Lussac. (For a 
description of the method, v. Assaying.) 

Deoinormal silver nitrate is obtained by dis- 
solving 16*09 grams of the pure dry recrystal- 
lised silver nitrate in water and diluting the 
solution to I litre. If it is to be used in con- 
junction with the thiocyanate, this solution 
may also bo prepared by dissolving 10*788 grams 
of pure silver in a slight excess of nitric acid, 
boiling till nitrous acid is expelled, and diluting 
to 1 litre. 

The thiocyanate is prepared approximately 
decinormal by dissolving the salt in distilled 
water (8 grams per litre), and is standardised 
against the silver nitrate solution, 25 c.c. of 
vmich are diluted to 100 q,o. and titrated as 
described above. 

VOLUMBTBXO ESTIMATIONS. 

Aluminluill. lodimetrically. The neutral 
solution is boiled with excess of potassium iodide 
and potassium iodate for twenty minutes in a 
stream of hydrogen; the iodine evolved, and 
collected in potassium iodide, together with that 
which remains in the distilling flask, is titrated 
with i^lO-thiosulphate (Amer. J. Soi. 1905, 20, 
181 ; Zeitsch. anorg. Chem. 1907, 62, 286) : 

Al»(S0*),+5Kl4-KI0a+3H,0 

-2Al(OH),+3K,SO*+8Tr 

Antimony. Antzmonious solutions, (a) Jodi- 


metriBaUtf. One or two grams of Rpohelle salt 
are added, the solution made alkaUne with 
sodium bicarbonate, and titrated with N/10- 
iodine. I, » Sb (v. Absbkio). 

(6) By oxidation. The hot hydrochloric add 
solution (above 60*) is titrated with ilT/lO-potas- 
slum bromate, whith has been stwdardised 
against a known amount of pure antimony — * 

3Sba,+KBr0,+6Ha=3SbCl,+KBr+3H,0. 

The end-point is indicated by the bleaching of 
a few drops of methyl orange added to the not 
solution (Chem. Zeit. 1903, 27, 749; J. Soc. 
Ohom. Ind. 1906, 25, 1181 ; Chem. Nows, 1907, 
96, 40). ^ 

(c) By oxidation. The cold solution, freely 
acidified with hydrochloric acid, is titrat^ with 
^/10-pormanganate (Zeitsch. angew. Chem. 1901, 
14, 1179 ; J. Amer. Chem. Soo. 1907, 29, 66). 

Antimokic solutions, (a) By reduction to 
the tervalent state, and estimation by one of 
the foregoing processes. Reduction may be 
accomplished : (i.) by boiling the hydroohlorio 
acid solution with sodium sulphite or sulphurous 
acid (Zeitsch. angew. Chem. 1888, 155); accord- 
ing to Rohmer, the reduction is not quanti- 
tative unless a gram of potassium bromide is 
added (Ber. 1901, 34, 1565); (ii.) by boiling 
the sulphuric acid solution (i()0 o.o. containing 
5 C.O. of concentrated acid and 4 grams of Rochelle 
salt) with 1*0~1*5 grams of potassium iodide till 
nearly all the iodine is expelled, exactly bleach- 
ing the remainder with dilute sulphurous acid, 
diluting, rapidly cooling, and neutralising. The 
solution is then titratea in bicarbonate solution 
with N/lO-iodine (Amor. J. Soi. 1892, 42, 213). 

(b) lodimetricaUy. The cold solution con- 
taining 20-25 0 . 0 . of hydrochloric acid in a 
volume of 100 c.c., is mixed with 0*5-1 *0 gram 
of potassium iodide and the liberated iodine ti- 
trated with j^/lO-thiosiilphate. It Sb (Zeitsch. 
anorg. Chem. 1908, 58, 202 ; of. ibid, 1903, 37, 
337). 

Arsenic. Absnnious solutions. lodimetri- 
caUy, The solution, containing sodium bicarbo- 
nate in excess, is titrated with Ny 10-iodine as 
described under the standardisation of iodine 
solution. The bicarbonate may with advantage 
bo replaced by disodium hydrogen phosphate 
(J. Amer. Chem. Soo. 1908, 30, 31). 

Absenio solutions, (a) By reduction with 
hydriodio acid as described under Antimony y and 
subsequent titration with iodine ; no Rochelle 
salt is necessary (Amer. J. SoL 1900, 10, 151). 
Reduction may also be effected by heating the 
Bulphorio acid solution with sulphurous acid 
in a stoppered bottle for an hour, diluting and 
boiling down to half the volume to expel excess 
of sulphurous acid (Zeitsch. anal. CSiem. 1883, 
22, 378 ; Chem. News, 1880. 63. 221). 

(b) By precipitation. The neutral or aoetio 
acid solution is precipitated with excess of silver 
nitrate, and the precipitated silver arsenate 
collected, washed, dissolved in nitric acid, and the 
silver titrated with N/lO-thiooyanate. S^eAs. 

(c) lodimetricaXly (Zeitsch. anaL Ghem. 1006; 
45, 596 ; compare Amer. J. Sci. 1900, 10, 151). 
{Bet also Zeitsch. anorg. Ghem. 1009, 62, 123, 
for a method suitable for small quantities of 
arsenic.) 

Bartiim. lodimetrictdly. Excess of potas- 
sium iodate is added to the faintly ammoniaoal 
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aolatum, the pieoipite^ed iodete weahed with 
M&monie end then with eleohol» diasoWed in 
hydroohtorio eoid end potesmam iodide, end the 
iodine titareted with J\r/10«thioeiilphate. 61,taBe 
(J. Amer. Ghem. Soo. 1909, 31, 43). 

Bimilfh. {a) loAifnOirieaUy, The solution, 
ee ffee es possible from mineru acids, is mixed 
with excess of ^/2-potassium chromate, shaken 
for 10 minutes, alluted to a known volume, anA 
the chromate in an aliquot part of the filtrate 
from the bismuthyl chromate Bi| 03 * 2 Cr 0 t is 
titrated iodimetrically (Zeitsoh. anorg. Ghem. 
1902, 32, 362; Zeitsi^ anal Ghem. 1907, 46, 
223). 

(6) As hiamuOi amnumium molybdate ( J. Amer. 
Ghem. Soo. 1903, 26, 907). 

Boron, (a) v. Aciddoitry and Ai.kali- 

METBY. 

(() lodimetricaUy. The reaction 

6KI+KI03+6HB03«3l3+3H30+6KB03 

is quantitative in a solution saturated with 
mannitol (v. Amer. J. ScL 1899, 8, 127). 

Bromine e. Hahgena. 

Calcium. Bu oxidation. The oxalate, preci- 
pitated from a hot slightly^ ammoniaoal solution 
(see Gravimetric methods^ is washed with warm 
water till free from ammonium oxalate, decom- 
posed with hot dilute sulphurio acid, and the 
oxalio acid titrated with ^/10-permanganate. 
The precipitate may also be dissolved in dilute 
hydrochloric acid, 0‘5 gram of manganese sul- 
pmite added, and the solution titrated with 
permanganate (v. Amer. Ghem. J. 1906, 33, 600). 

Carbon. Oabboit dioxide, v. Acidimbtby 
and Alkalimetry, and Oaa analysis. 

Gyanoqek ACIDS. Cyanates. The cold, dilute 
solution is exactly neutralised with iV/lO-hydro- 
ohlorio acid (using methyl orance or congo red 
as indicator), excess of acid is adaed, the smution 
boiled for ten minutes, cooled and titrated back 
iV/lO-sodium hydroxide. Excess of ^/lO-sodium 
hydroxide is then added, the solution boiled to 
expel ammonia, and titrated back with N/10» 
hydrochloric acid. From these data two values 
for the oyanate can be calculated, which serve 
to check one another (Ghem. News, 1906, 03, 
6; compare Zeitsch. angew. Ghem. 1901, 24, 
686 ; J. Soc. Ghem. Ind. 1904, 23, 244). 

KCNO+2H<S+H,0 - Ka+Nq,af COr 


Gyahidbs. (o) By ^ecipikUion, (i') Excess 
of iV/lO-silver nitrate is added to the neutral i 
cyanide solution, and then a little nitric acid. 
The excess of silver is titrated with N/lO-thio- 
oyanate after filtering off the silver cyanide, 
(li) The slightly alkaline solution is titrated 
wiu N/lO-silver nitrate with constant stirring 
till a permanent turbidity is produced (Liebig, 
Annalen, 1861, 77, 102). Thu marks the end 
of the reaction: 

2KCN+-^NOa«KNO,-l-KAg(GN),. 

The end-point is best observed by addi^ 6-10 
drops of 20 p. 0 . potassium iodide as an indicator. 
A permanent ydlow turbidity, due to silver 
iqwe, is produced as soon as the above reaction 
is completed (Ann. Chun. Phys* 1896, (vii.) 6, 
381). 

Q) See Ferrocyamdee (6). 

Fbbbioyaeides. (a) The salt is reduced to 
ferrooyanide by boiling with sodium hydroxide 
t^OL. I. — T. 


and ferrous sulphate and the filtered solution 
strongly acidified with sulphurio acid and titrated 
with N/lO-permanganate (v. Ferroeyonidea). 
Reduction may also be effected by boiling with 
sodium peroxide (Arch. Pharm. 232, 226). 

(5) JodifMtricatty. The neutral solution (60 
O.O.) is mixed with 3 grams of potassium iodide 
and 1*6 grams of sine sulphate, the mixture well 
shaken, and the iodine titrated with N/lO-thio- 
sulphate. 2K,Fc(CN)3sl3 (Zeitsch. anorg. Clhem. 
1910, 67, 418 ; compare ibid. 07, 322). 

Fbbrocyanidxb. (a) By oxidation. The solu- 
tion is strongly acidified with sulphurio acid 
and titrated With N/lO-permanganate till the 
colonr changes from yellowish-grMn to yellowish- 
red. If any difficulty is experienced in deter- 
mining the end-point, a drop of the solution 
may be mixed with dilute ferric chloride. A 
blue colour will develop whilst any ferrooyanide 
remains (de Haen, .^nnlcn, 1864, 90, 160 ; 
oompare Zeitsch. anorg. Ghem. 1910, 67, 418). 

An excess of permanganate may also be 
adilcd,the excess being determined iodimetriotilly. 
(For details, consult Zeitsch. anorg. Ghem. 1910, 
67, 322. ) 

(b) By conversion into hydrocyanic acid. The 
fcrrocyanido solution is boiled for five minutes 
with 10 0 . 0 . of N-sodium hydroxide and 16 o.o. 
of 3N-magnesium ohloride, 100 o.o. of boiling. 
N/10- mercuric chloride are then added, and the 
boiling continued for ten minutes. The roerourio 
cyanide produced is distilled for thirty minutes 
with 30 0 . 0 . of 3N-sulphurio acid, the prussic 
acid collected in 26 o.o. of N-sodium hydroxide, 
a little potassium iodide added, and tho cyanide 
titrated with N/lO-silver nitrate (Feld, Ghem. 
Zentr. 1903, ii. 1398 ; Analyst, 1008, 33, 261 ; 
1910, 35, 296). 

I'hiocyakatxs. (a) By precipitation. As in 
standardising ammonium thiocyanate solution; 
the thiocyanate must be added to the silver 
nitrate, and not vice versd, since nitric acid 
decomposes thiocyanates. 

(b) By oxidation. The thiocyanate is ti- 
trated in concentrated hydioohlorio acid sedu- 
tion with potassium iodate, in a stoppered 
bottle, with vigorous shaking. The ena-point 
is reached when 6 o.o. of chloroform previously 
introduced are no longer coloured by iodine 
(J. Amer. Ghem. Soc. 1908, 30, 760); t.g, 
4CuCNS+7KIO,+ 14Ha 

«4(;uS04+7Ka-f7ia+4Ha+6H,0. 
Oxidation in dilute sulphurio acid solution with 
permanganate is untrustworthy. 

Cerium, (a) Iodimetrically. Cerio oxide is 
warmed with concentrated hydrochloric acid 
and potassium iodide in a stoppered bottle till 
compete solution is effected. The liberated 
iodine is then titrated with jV/lO-thiosulphate 
(Bunsen, Annalen, 1858, 105, 49; also Amer. 
J. Soi. 1899, 8, 451). 

20e0.+8Ha+2KI » 20ea,+2Ka+l3+4H*0 

(b) By oxidation. The washed oxalate is 
sus^nded in hot dilute sulphuric acid and 
titrated with ^10-perxnanganato (v. Cakivmt 
Zeitsch. uiaL Ghem, 1880, 19, 194 ; Amer. J. 
SoL 1899; 8, 457). 

(e) Bii reduction. The cerium is oxidis^ with 
sodium wmuthate in boiling sutehuric acid 
solution to cerio sulphate and the mtoted solu- 

T 
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tion reduced by » elight ezceic of fern>u« 
eulphato, the excess being titrated with N/IO^ 
permanganate. Other rare earth metals do not 
interfere (J. Amer. Chem. Soo. 1909, 81, 823; 
1910, 32, 642; compare Compt. rend. 1899, 
128, 101 ; Bcr. 1900, 33, 1924 ; Ber. 1903, 36. 
282). 

(d) Other methods (Zoitsoh. anorg. Chem. 
1907,64,104; 1908,69,71). 

Chlorine e. Halogens, 

Chromium. The chromium should be in the 
form of chromate. 

(а) lodimet/rically. The chromate solution is 
acidiiiod with hydrochloric acid (6 c.c. of concen- 
trated acid x>or 100 c.o. solution), 1 or 2 grams of 
potassium iodide added, and the covered solu- 
tion allowed to stand for 16 to 20 minutes. It 
is then diluted to 400-600 o.c. and the liberated 
iodine titrate<i with6f/10>thio8ulphate. 3I|»2Cr. 
A known dichromato solution can in this way be 
used to standardise sodium thiosulphate (J. pr. 
Chem. 1868, 103, 362 ; Zoitsch. anorg. Chem. 
1899, 19, 427 ; 1906, 49, 277 ; Zeitsch. angew. 
Chem. 1900, 1 147). 

(б) By reduction (i.) with ferrous ammonium 
sulphate, of which a slight excess is added to 
the chromate solution containing sulphuric or 
hy<1roohlorio acid, the ozooss of ferrous salt being 
then titrat(Ml with iV/lO-diohromate ; (ii.) witL 
titanmis ohlorido {v. Preparation o/ standard 
solutions ; J. Soo. Chem. Ind. 1908, 27, 673) ; 
(iii.) with arsenious oxide (Amor. J. Soi. 1896, 
1, 36). 

Chromium %n chrome steel. Throe grams of 
alloy are diasolved in 36 o.o. of concentrated 
hydroolilorio acid, and the excess evaporated ; 
160 0 . 0 . of strong nitric acid are added, the 
Ixiiling continued till no more brown fumes are 
evolved, when all ohlorino has boon expelled. 
The chromium is then oxidised by adding 
10 grams of potassium chlorate, and the solution 
boiled down to 40 o.o. to dooomjMSJ excess of 
chlorate ; I(X) o.o. of water are added, and one 
or two drops of hydroolilorio acid, to dissolve 
senaratc'd manganese dioxide. The chromate 
^otution is boilixl to expel chlorine, cooled and 
titrated according to method (6) (i.) above. (For 
other methods, see J. Amor. Chem. Soo. 1906, 
27. 1660: 1908, 30, 1116; J. Soo. Chem. Ind. 
1007. 29, 1010; Chem. Nows. 1904, 90, 320; 
91, 3; also Manganese and Vanadium (e. 

tfi/ra).) 

Chromium in chromite. The valuation of 
this, the only important ore of chromium, isj 
usually ofleotod by a volumetric method ; the 
finely jpowdored ore is fused with sodium per- 1 
oxide in a nickel oruoible, and the chromate in 
the aqueous extrXot estimated as desoribed 
above, after boiling for ten minutes to decompose 
excess of peroxide (v. J. Soo. Chem. Ind. 1890, 
10, 166, 4^36; Chem. Zeit. 1897, 21, 3; BuU. 
Soo. Chim. 1909, 6, 1133; Chem. News, 1896, 
73, 1). 

Cobalt, (a) lodimetricaUu, The solution is 
mixed with hydrogen peroxide, and then with 
sodium hydroxide, when the oobalt is preci- ! 
pitatod as sosquioxide Go,0|, whUsb nickel is i 
simply precipitated as ffreen hydroxide. After 
boiling tor a minute, the black ppt. is dissolved in 
hydrochloric acid and potassium iodide, and the 
iodine titrated with iv/lO-thiosulpbate (Chem. 
^ews, 1900, 82, 66, 73 ; 1903, 88, 184). I 


(6) By pretipiiaUoH with fenoeyanldSi as 
described under Nickel (b), 

Colnmblnm. By reduction and subsequent 
oxidation (u. Zeitsch. anoig. Chem. 1909. 62. 
383) 

Copper, (a) lodimetricaUy, The solution of 
cupric preferably neutral or oontaining 
acetic acid, is diluted to 100 o.o., 6 mma oi 
potassium iodide are added, imd the liberal 
iodine titrated with N/lO-thiosulphate, using 
I starch paste as indicator. If more than 26 o.o. 
j of thiosulphate are required, 2-3 pams more 
I potassium iodide should be added (Amer. J. SoL 
1007, 24, 06 : compare J. Amer. Chem. Soo. 
,1002, 24, 1082; 1906, 27, 1224; see also 

: Methods of separation), 

2CuS04+4KI - 2 K 5 S 04 +I,- 1 -CJU|I,. 

! (b) By titration with potassium cyanide 

I {Steinbects process). The ammoniacal copper 
solution is titrated with potassium cyanide 
' until colourless {v. Chem. News, 1897, 76, 189; 
j Methods of separation ; and the article Coffer). 

(c) By precipitation as thiocyanate and esti- 
mation of the preoijpitate by potassium iodate 
in hydrochloric aoiu solution (v. Thiocyanates ; 
and J. Amer. Chem. Soc. 1908, 30, 700). 

(d) By oxidation. The oxalate is precipi- 
tated in a nitric acid solution by adding excess 
of ammonium oxalate, washed and titrated 
with N/lO-permanganato (Amer. J. Soi. 1909, 27, 
448). 

(s) By redvetion to cuprous salt. To the 
sulphuric or hydroohlorio aoid solution, 10-20o.o. 
of 10 p.o. potassium thiocyanate and a little 
ferrous salt are added, when a deep red coloura- 
tion is produced, since ferrous salts in aoid 
solution are partly oxidised by oupric salts. 
The cold solution is titrated with titanous 
chloride until the re<l colouration b destroyed 
(Chom. Soc. Trans. 1900, 89, 1491). Or a slight 
excess of titanous chloride may to added, and 
titratcil back with standard ferrio alum. 

Fluorine. Actdxmetrically. The fluoride is 
mixed with ten times its weight of finely 
powdered and ignited quartz, and decompoMd 
by warming ivitk concentrate sulphuric aoid ; 
the silicon lluoride evolved passes through a 
dry U-tuto filled with gloss bera and immersed 
in cold water, in order to remove sulphurio acid, 
and is then absorbed in 60 p. 0 . alooholio potas- 
sium chloride, whioh precipitates silioio aoid 
and potassium silicofluorifle, leaving hydro- 
chloric acid in the solution : — 

3SiF 4+2H,0 - 2H4SiF.-f SiO, 
H,SiF 4 + 2 Ka - K,SiF.-l-2Ha 

The hydrochloric acid is titraM with N/b* 
sodium hydroxide, using laomoid'as indioator. 
2 HQ a* 3F.. (For full exp^imental details, 
whioh are absolutely essential in order to obtsin 
accurate results, consult Chem. News, 1879, 39, 
179; Amer. J. Soi. 1906, 22, 329; or Low’s 
Teohnioal Methods of Ore Analysis.) 

Gold. lodimetricaUy, The auric solution is 
treated with potassium iodide in more than 
Buffioient quantity to dissolve the aniDos iodidn 
first precipitated, and the iodine liberated is 
estimated with etandard thiosulphate (Amer. 
J. Soi. 1899, 8, 261 ; compare 2&its^ anofg. 
Chem. 1899, 19, 63). 

Halogent. This term is restrioted in this 
connection to chlorine, bromine^ and Iodine^ 
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ana^ioal reactions are quite diflEerent. 

fisTDUTION Of HALUOENS. lodiM is eati- 
mated solution in potassium iodide and titra- 
tion with JV/10-thio8ulphate, using starch paste 
as indicator (e. Prvpafaiion of staiMfd soltUions, 
Bromine and ehlortne are absorbed in potassium 
iodide solution, setting free an equivalent 
quantity of iodine, which is titrated with N/IO- 
tniosulphate. 

A large number of substances, e.g. peroxides, 
chlorates, chromates, &o., may be rmily deter- 
mined indirectly by distillation with concen- 
trated hydrochloric acid, the available oxygen 
of the compound setting free its equivalent of 
chlorine, which is absorb in potassium iodide. 



\l 

Kio. 14. 

and the liberated iodine titrated with aV/IO-UiIo- 
4hlphata It is very desirable to exclude air 
in the prooeM of distillatioii, sinoe it liberates 
iodine bom tiie hydrogen iodide set free in the 
neeiver, by the hydrogen chloride distilling 
ovrr doting the experiment. The apparatus 
devised W Bunsen, the originator of this 
aiialytleal method, is shown in 18, 6. The 


small flask (80 e.o.> snd the dsHveiy tube are 
ground at their junction to fit^ and the joint 
made with oaootohouo tubing ; a ground-glass 
joint is better, a raring holding the two parts 
tightly together. The mixture is rapidly boiled, 
the omorine passing into potassium ioifide con- 
tained in the retort, the sise of which must be 
suitably chosen to prevent overflowing. A 
different receiving vesm is shown in Fig. 13, a. 
It is very convenient to perform such dis- 
tillations in a current of carbon dioxide or 
other inert gas, and various designs of apparatus 
for such a purpose are given in Aincr. J. Soi. 
1808, 6, 108; Chem. New's, 1890, 79, 85; 
Chem. Soo. Tran*?. 1892, 61, 87 ; Zoitsoh. angew. 
Chem. 1890, 477. 

The appsratus shown in Fig. 14 (Analyst, 
1908, 33, 1 17) admits of the gradual introduction 
of a liquid reagent during aistillation in carbon 
dioxide, steam, or any other gas or vapour. 
Oontamination of the reagents with cork or 
indiarubber derived from stoppers, &o., is avoided 
by fitting the condenser and the dropping 
funnel to the distilling flask by ground-glass 
joints. 

Estimation of halogens in halidn salts. 
By precipitation, (i.) Mohr* a method. The neu- 
tral solution is titratra with N/lO-silver nitrate 
in the presence of a few drops of potassium 
chromate as indicator (v. Preparatwn of standard 
ttolutions. It is aflvisable to perform a blank 
experiment under identical conditions, to allow 
for the silver nitrate nocossai^ to bring 
out the reddish colouration, (if.) VoUui/rd*a 
method. The nitric acid solution of the halide 
is precipitated by adding a slight excess of N/10- 
silver nitrate, the excoss being then titrated with 
N/lO-ammonium thiocyanate. Silver chloride 
must be filtered off before the latter titration is 
performed, since it reacts with the thiocyanate 
(J. Amer. Chem. Soo. 1907, 29, 269; compare 
Zeitsoh. anorg. Chem. 1909, 63, 330); but 
silver bromide and iodide do not interfere. It 
is advisable to titrate iodide in a stoppered 
bottle with vigorous shaking when adding both 
the silver solution and toe thiocyanate, to 
minimise error duo to occlusion, it is more 
accurate to weigh out a v^ slight excess of 
pure silver, dissolve it in nitric acid (carefully 
expelling nitrous acid, which interferes with 
the indicator), and add to the halide solution 
than to moasuro out N/lO-sUver nitrate. After 
vigorous shaking, the excess of silver is then 
titrated with a dilute thiooyanate solution 
(1 0 . 0 . ■■ 1 miUigram Afi), 

Iodides. lodimetricaUu, (i.) A slight excess 
of potassium iodate is added, and the solution 
acidified with dilute sulphurio acid. The 
liberated iodine is extracteu with chloroform, 
carbon disulphidfl or toluene, and titrated with 
N/lO-thiosulphate. A weaker acid than sul- 
phuric acid may be employed, e.g. aoetio or 
lartario acid. Five-sixths of the iodine found 
was originally present as iodide (Chem. Zeit. 1904, 
28, 1191 ; Amer. J. SoL 1897, 3, 293 ; J. pharm. 
Chim. 1902, 16, 207; J. Amer. CSiem. Soo. 
1003, 85, 1138). This meth^ is available in 
the presence of bromide and chloride^ if aoetio 
acid be empkwed. (ii.) The solution, contain- 
ing the Iodide, 2 gramsof purepotaasittm arsenate, 
and 10 0 . 0 . of oonoentratea snlphurio acid, is 
boiled down from a volume of 100 e.<L to 
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86-40 O.O., Tvhen all the iodine Ib expelled. The 
anenions ealt in aolotion is then titrated with 
^/lO-iodine (Amer. J. Sci. 1890, 39, 188). As 
»1|. In the presence of chloride the results 
are a little low ; bromide causes them to be 
slightly high, (iii.) {v. Chem. Soc. Trans. 1886, 
47. 471.) 

Estimations or halogens in oxyhalogen 
COMPOUNDS, (a) By reduction to a halide salt 
and determination of the latter. lodatea are 
reduced by adding sulphurous acid to the 
sulphuric acid solution of the iodate till the 
separated iodine is redissolved ; an excess of 
JV/lO-silver nitrate is added to precipitate the 
iodide, the mixture boiled with excess of 
nitric acid, and finally the excess of silver 
titrated with J\r/10-thiooyanate. Bromaiea and 
cJiloratea are reduced by adding an excess of 
iron filings to the sulphuric acid solution ; after 
an hour, excess of A/lO-silver nitrate is added, 
the mixture boiled with nitric acid to oxidise the 
ferrous salt, and the excess of silver titrated 
(Amer. Chem. J. 1004, 32, 242). 

(6) By reduction to a halide salt and estima- 
tion of the reducing agent used up in the process. 
With chloratea and bromaiea, the sulphuric acid 
solution is boiled for ten minutes with excess of 
standard ferrous sulphate in an atmosphere of 
carbon dioxide, the solution cooled, manganese 
sulphate added and the unchanged ferrous salt 
titrated with N/l 0-KMnO4. 6Fe *= ClOjOr BrO* 
(Zeitsch. anorg. Chem. 1004, 38, 110). Br<ymaiea 
may also be reduced with arsoniuus oxide (Amer. 
J. Sci. 1002. 14, 286). Chloratea arc reduced by 
adding an excess of N/lO-titanous sulphate, and 
after three minutes, titrating back with ferric 
alum (J. Soc. Chem. Ind. 1008, 27. 434). 

(c) lodimetricaUy, Chloraiea, (i.) By dis- 
tillation with concentrated hydrochloric acid. 
CHOg 3I| {Bunaen'a method ; v. Eatimation 
of imogtna ; Chem. Soc. lYans. 1802, 61. 87). 
(li.) By reduction with concentrated hydro- 
chloric acid and potassium bromide (Chem. Zeit. 
1001. 26. 727). or with potassium iodide and 
dilute sulphuric acid in presence of vanadyl 
sulphate (Zeitsch. anal. Chem. 1007, 46. 621). 
(For other methods, aee Amor. J. Sci. 1891. 42. 
220; J. Amer. Chem. Soc. 1003. 26. 766; 
Zeitsch. anal. Chem. 1907, 46, 308.) 

Hypochloritea, A slight excess of N /lO-sodium 
arsenite is added and the excess titrated with 
JV/lO-iodine. or the hypochlorite is directly ti- 
trated with the arsenite till a drop of the solution 
ceases to colour starch-potassium iodide paper 
blue. As M CIO {Penot*a method ; compare 
Chem. Zeit. 1904. 28. 69). 

Perehloratea, The concentrated solution is 
boiled with a large excess of titanous sulphate, 
the excess oxidise with permo^anate. and the 
chloride produced is titrated as usual (Zeitsch. 
ano^^^em. 1909. 62» 108 ; Chem. Zeit. 1009, 

‘ Bromaiea. The substance is digested at 100* 
with potassium iodide and concentrated hydro- 
chlorio acid in a stoppered bottle, and the 
liberated iodine titratM with thiosulphate. 
BrO* B 3Ii (compare Zeitsch. anorg. Chem. 1899. 
19. 427). 

lodatea. - These are simply added to a slight 
excess of potassium iodicle solution, acidified 
witli sulphuric or hydrochloric acid, and the 
liberated iodine titrated. IO| ■> 3I|. 


EsTDCATioin nryoLVXNo Mixtubbs ov the 
FoBEoonro Hauds Salts. 

Chloride, Hypochlorite and Okhrate. The 
solution is titrated with N/lO-sodium arsenite 
by Penot*8 method for the hypochlorite \ the 
chlorate is then estimated in the solution, altei 
acidifying with sulphuric acid, by reduction with 
standard ferrous sulphate, and the total chlorine 
then titrated by Volhard*s method (Compt. rend. 
1806, 122, 440; cf. J. Amer. Chem. S^. 1009, 
31, 626, 1273). 

Chloride, Chlorate and Perchlorate. Chloride 
is titrated in one portion of the solution by 
Volhard’s method, and in another portion after 
reducing the chlorate with ferrous sulphate. 
For perchlorate the dry substance, mixed with 
five times its weight of pure quartz sand and 
covered with a layer of the same 2 cm. deep, 
is fused in a platinum crucible for half an hour, 
cooled, extracted with water, and the total 
chloride estimated (Compt. rend. 1896. 122, 
452). 

Chloride and Iodide. The total halogen is 
titrated by a suitable method in one portion of 
solution, and the chlorine in another portion 
after removing iodine by one of the following 
methods (Amer. J. Sci. 1800, 30, 203). (i.) Tc 
the neutral solution (400 o.c.) is added 10 o.o. 
sulphuric acid (1:1), 2 grams ferric sulphate, 
and 3 c.o. nitric acid, and the whole boiled till 
all iodine is expelled ; 1 c.o. nitric acid is again 
added, and the solution again boiled, (ii.) The 
ferric sulphate and nitric acid of method (i.) are 
replaced by 2 grams of pure sodium nitrite (or, 
falling this, by passing into the solution the 
vapours coneratod from the slightly impure 
nitrite and dilute sulphuric acid). 

Bromide and Iodide (v. aupra, lodidea). 

Bromide and Chloride. The solution is acidi- 
fied so as to contain 25 o.c. of concentrated nitric 
acid in a total volume of 100 c.o., heated to 
boiling and boiled for one minute, the source 
of heat removed and air sucked through the 
solution until it is perfectly colourless (and for 
one minute longer). The bromine is then com- 
pletely expelled ; the residual chloride is titrated 
by Volhara’s method. The total halogena are 
titrated in another portion of solution (J. Soc. 
Chem. Ind. 1909, 28, 606). 

(For a very accurate but more elaborate 
method, v. J. Amor. Chem. Soc. 1007, 20, 276 ; 
also Zeitsch. anoig. Chem. 1805, 10, 387 ; Zeitsch. 
anal. Chem. 1900, 39, 81.) 

Chloride, Bromide, and Iodide, (a) The iodide 
is decompo^ with po^etssium iodate and acetic 
acid, the iodide extracted with chloroform and 
titrated. The bromide is destroyed by boiling 
with 6^-nitrio acid, any iodate remaining is 
decomposed with a slight excess of potassium 
iodide, which excess is readily decomposed bv 
boiling with nitric acid, and the residual chloride 
titrated. The total halogena are titrated in 
another portion of solution (J. Amer. Chem. 
Soc. 1903, 26. 1138). 

(b) Th^ iodide Is destroyed by boiling witii 
ferrio sulphate and sulphuric acid, and the 
amount of ferrio salt reduced is determined with 
N/lO-dichromate. The total halogena axe deter- 
mined by Volhard*B method, and. in another 
portion of solution, the iodide is removed by 
adding hydrogen pmxide and aoetio aold and 
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distilling in steam, the bromine separated as 
described under Bromide and Chhriae and the 
residual chloride titrated (J. Soo.^ Chem. Ind. 
1909, 28, 505). 

Iron* Fbbbous salts. By oxidation, (a) 
The cold solution is strongly acidified with dilute 
Bolphurio acid and titratm with ^/10-perman- 
ganate. This simple and accurate method 
requires modification when hydrochloric acid is 
present, since it reacts with permanganate. 
This side-reaction can be practically prevented 
by adding a moderate quantity of manganese 
sulphate to the solution and titrating very 
slowly. A solution is prepared as follows: 
67 grams of crystalline manganese sulphate are 
dissolved in water, 138 o.o. of phosphoric acid 
(sp.gr. 1*7), and 130 o.c. concentrated sulphuric 
acid (sp«gr. 1*82) are added, and the mixture 
diluted to 1 litre. Of this solution, 25 o.o. are 
added to the ferrous solution to be titrated. 
The phosphoric acid keeps the ferric solution 
colourless, and thus facilitotes the observation 
of the end-point (Zeitsch. anal. Chem. 1863, 1, 
329 ; Chem. Zoit. 1889, 13, 323 ; Amer. Chem. 
J. 1905, 34, 109; Analyst, 1908, 33, 43, and 
1909, 34, 306). 

(6) The acid solution is oxidised by N/10- 
dio^omate as described under Preparation of 
etandard eolvtiona. 

Fbbbio salts, (a) By reduction to feirotm 
salt and titration with permanganate or di- 
cluromate. Reduction may be elected in any 
of the following ways: (i.) The sulphuric acid 
solution is heated to boiling ana hydrogen 
sulphide passed through it until the solution 
is completely colourless ; the excess of hydrogen 
sulphiae is expelled from the boiling solution 
by a current of carbon dioxide, (ii.) Thquiearly 
neutral solution is boiled with sul^urous 
acid or ammonium sulphite, excess being re- 
moved by continued boiling, preferably in a 
current of carbon dioxide. (iiL) Eight or ten 
grams of granulated zinc are added to the 
warm sulphuric acid solution, and the action 
allowed to continue until a drop of the solution 
no longer gives a colouration with potassium 
thiocyanate. The solution is cooled, filtered 
through glass wool, and titrated. The use of 
the unc-copper couple is preferable (Analyst, 
1901, 26, 225 ; compare Chem. News, 1908, 97, 
50). B^uction may be rapidly effected by 
pouring the liquid through a long column of 
cine (llie Jones' Reductor (Fig. 15); Chem. 
News, 1889, 60, 93 ; Blair's Chemical Analysis of 
Iron, 6th ed. 94). (iv.) The hydrochloric acid 
solution is heated nearly to boiling, and stannous 
chloride (25 p.o. solution) added drop by drop 
until the solution is colourless; 10 o.c. of 
saturated mercuric chloride are added to d^trov 
excess of stannous chloride, the solution diluted, 
manganese sulphate added (v. supra), and the 
ferrous salt titrated with i^^/lO-permanganate 
[best alter the addition of about o c.c. of water- 
glass solution of sp.gr. 1*17] (Analyst, 1909, 34, 
306). (v.) Beduciion by paUadium-hydrogen in 
boiUng acid solution ; this introduces no foreign 
substsaoe into the solution (Zeitsch. angew. 
Chem. 1902, 15, 398, 424 ; Analyst, 1904, 29, 
346). (vi) Beduciion with tUanms sulphate 
(Amer. J. Sot 1908, 25, 343). 

(5) By direci HtroHon wuh a redwing agent. 
(t) Tilanous chloride. The sulphuric or hydro- 


chlorio acid solution of the ferric salt is titrated 
as described under rreporofioa of ^ndard 
sohiiions. (ii.) Stannous chloride. The nearly 
boiling hy^obloric solution is titrated as de- 
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scribed under Preparation of standard solutions, 
using either the mercuric chloride indicator 
(Amer. Chem. J. 1893, 15, 360) or titrating back 
witl) iodine. 

FbBBOTJS ISOK in MINBBALS AND BOOKS. The 
only satisfactory method consists in decom- 
posing the coarsely powdered substance with 
sulphuric and hydfrofluorio acids in an atmo- 
sphere of carbon dioxide, and titrating the 
ferrous salt produced {Cooke* s Mdhodi Amer. 
J. Soi. 1867, 44, 347 ; see also Amer. J. Soi. 
1894, 48, 149). The old method of heating with 
dilute sulphuric acid in a sealed tube (Mitsoher- 
lich) is worthless in the presence of sulphur or 
sulphides (J. Amer. Chem. Soo. 1900, 22, 625). 
(For an exhaustiye discussion of this problem, 
V. Hillebrand's Analysis of Silicate and Carbonate 
Bocks.) 

Iron and Aluminium. After weighing the 
ignited sesquioxides, they are brought into solu- 
tion by fusion with potassium hydrogen sulphate 
or acia potassium fluoride (followed oy eyapora- 
tion witn sulphuric acid), and the iron reduced 
and titrated (Zeitsch. angew. Chem. 1905, 18, 
815). 

Iron and Titanium. Ferric salts can be 
reduced with sulphurous acid or hydrogen 
sulphide without reducing titanic saits; or 
reduction of both may be effected with zinc and 
sulphuric acid, the titanous salt oxidised with 
a slight excess of bismuth oxide, and the ferrous 
salt titrated in the filtered solution. To estimate 
both elements present, one of the preoedhig 
methtiNds may be combined with the reduction 
Iffooess for titanium, described later, v^*ch 
would give the Mol iron and titanium (e. also 
J. Soc. Chem. Ind. 1909, 28, 189; Analyst, 
1910, 35, 198). 
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Iron ^nd Vanadium, Beduction with cut- 
phiir dioxide proceeds with the vanadium as 
far as to the oxide Yfig ; reduction with zino 
oarries it as far as VtOt ; hence two such 
reductions and titrations with permanganate 
furnish data for calculating both iron and 
vanadium (Amer. J. ScL 1908, 26, 79). 

Lead. By j^ecipitcUion (i.) Aa molybdate. 
The boiling acetic acid solution is titrated with 
standard ammonium molybdate (4*76 grams per 
litre, titrated against pure lead) untd a drop 
of solution gives a brown or yellow colour with 
a drop of dilute tannic acid solution. The 
indicator not being very sensitive, a * blank * 
experiment should be made and the necessary 
correction allowed for both in an assay and in 
standardising the solution, (ii.) Aa ferrocyanide. 
I’he cold acetic acid solution is titrated with 
potassium ferrocyanide (10 grams per litre 
titrated against pure lead) until a drop of the 
solution produces a brown colouration with a 
drop of saturated uranium acetate solution ; 
a * blank.* experiment should also bo made 
(J. Amer. Chem. Soo. 16, 660; Chem. News, 
1896, 73, 18). In determining lead in ores, Ac., 
it is usually separated as suljinate and dissolved 
in ammonium acetate previous to titration. 
(For a comprehensive review of methods for lead, 
V. Chem. News, 1903, 87, 40; Gaz. chim. ital. 
1896, 26, i. 327 ; see also Methods of separation; 
and J. Amer. Chem. Soc. 1903, 26, 632 ; 1904, 
26, 1136.) 

Magnesium, (a) Acidimeirically. The mag- 
nesium is precipitated as the double ammonium 
phosphate, the precipitate washed with dilute 
ammonia, and then with aqueous alcohol till free 
from extraneous ammonia, dissolved in a 
measured excess of N/lO-hydrochlorio acid, and 
the excess titrated with N/lO-sodium hydroxide, 
using methyl orange for indicator : 

Mg(NH 4 )P 04 .f 2Ha = MgCl4+H,(NH4)P04 


(Chem. Zentr. 1876, 727; for a method which 
obviates the use of alcohol, v. J. Amer. Chem. 
Soc. 1900, 22, 31 ; see also Phosphorus). 

(6) lodtmclricaUy. The magnesium is pre- 
cipitated as double ammonium arsenate, dis- 
solved in hydrochloric acid and potassium iodide, 
and the iodine titrated (J. Amer. Chem. Soc. 
1899, 21, 746; Zeitsch. anoi. Chem. 1907, 46, 
714). 

Manganese, (a) By oxidation %oith perman- 
ganate, (FoiAafd*smefa^,mod(/ied.) The neutral 
chloride or sulphate solution containing 10 grams 
(j| zinc sulphate is heated to boiling, 1 gram of 
freshly ignited zinc oxide added, and the liquid 
titrated with N/lO-permanganate, boiling and 
shaking frequently until the supernatant liquid 
is red ; 1 c.c. pure glacial acetic acid is added, 
and the^ titration slowly finished with perman- 
ganate in the hot hut not boiling liquid. The 
manganese can be accurately oaloulated from 
the equation: 

SMnO+MnjO, « 6MnO. 

(Zeitsch. anal. Chem. 1909, 48, 761 ; Little and 
Cahen, Analyst, 1911, 36, 62). 

(6) By precipitation as dioxide and estimation 
of the available oiygen. Precipitation may be 
effected in one of the following ways : (i.) By 
adding bleaohing-powder solution and calcium 
oarbo^te to a not^ neutral solution of the 
manganese salt eontaining ferrio and sine 


chlorides (Chem. Soc. Trans. 1879, 86, 366 ; 
J. Soo. Chem. Ind. 1891, 10, 833). (iL) By 
boiling the solution in concentrated nitric acia 
(quite free from any hydrochlorio acid) with 
potassium (or preferably sodium) chlorate, 
(iii) By boilhig the dilute sulphuric acid solu- 
tion with ammonium persulphate (Zeitsch. 
angew. Chem. 1901, 14, 1149; 1903, 16, 906; 
Compt. rend. 1902, 136, 965 ; 1903, 136, 449). 
The washed precipitate in either case is dis- 
solved in a smphurio acid solution of standard 
ferrous sulphate or oxalic acid, and the excess 
of reagent titrated. The precipitate obtained 
by method (ii.) is deficient in available oxygen 
(Amer. J. Soi. 1898, 6, 260), and the standard 
solution employed in the final titration must 
therefore be standardised on a known amount 
of manganese treated in a similar fashion. 

(c) By conversion into permanganic acid, 
(i.) The cold solution free from hydrochlorio 
acid, and containing one quarter its volume of 
nitric acid (specific gravity 1*42), is oxidised by 
shaking with 2-4 grams of sodium bismuthate 
for three minutes, diluted with half its volume 
of 3 p.c. nitric acid, the solid residue allowed 
to settle, and the permanganic acid solution 
filtered into a slight excess of ferrous sulphate ; 
excess of the latter is then titrated with N/10- 
permanganate (Dingl. poly. J. 269, 224 ; Chem. 
Soo. Trans. 1896, 67, 268 ; Chem. News, 1901, 
84, 209, 247; J. Amer. Chem. Soc. 1904, 26, 
793). (iL) The oxidation of small quantities of 
manganese may be effected by boiling the nitric 
acid solution with lead peroxide, or oy heating 
with ammonium persulphate in the presence of 
a little silver nitrate (Chem. News, 1901, 84, 
239). 

Manganese in Ferromanganese and Steels. The 
forcgcMig methods o, b, and c (i.) have all been 
employed for this purpose; method c (i.) is the 
simplest' and probably the most accurate. In 
method a it is necessary to remove iron from 
the solution ; this is conveniently performed by 
adding a slight excess of zinc oxide to the 
solution (v. references given above ; also J. Amer. 
Chem. Soo. 1902, 24, 243 ; Ann. Chim. anal. 1906, 
11, 124). 

Manganese and Chromium occurring together 
in steels may be estimated by oxidising with 
ammonium persulphate in sulphuric acid solu- 
tion in the presence of silver nitrate ; one 
portion of solution is titrated for total perman- 
ganate and chromate with ferrous sulphate, and 
another for permanganate alone by means of 
arsenious oxide (J. Amer. Chem. S<^. 1906, 27, 
1660 ; V, also Chem. News, 1901, 83, 26 ; 1906, 
91, 3 ; Chem. Zeit. 1906, 29, 987 ; Chem. Zeit. 
Rep. 1906, 29, 380). 

The foregoing bismuthate method e (i.) may 
be applied in the presence of molybdenum, %un/^- 
sten, ^tfomum, and vanadium ; also, with oertun 
precautions, in the presence of chromium (Chem. 
News, 1901, 84, 247). (For estimating manganese 
bi tungsten steels, v. also J. Soc. Chem. Ind. 1907» 
26, 346.) 

Mereury. (a) By precipitation. Mercuric ni- 
trate is readily titratkl with JV/lO-thiocyanate, 
using ferric nitrate as indicator, provided that 
nitric acid is present in fairly high concen- 
tration (Ber. mi, 34, 3502 ; 1902, 36, 2016). 
Chloride must be abMnt; if neoessaiy, the 
mercury is precipitated as oxide with sodium 
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hydroxide and the waahed precipitate diaaolved 
in nitric acid. 

(&) lodimdricaUy, The mercuric aolution 
(25-:50 0 . 0 .) containing 1 gram of potafisium 
iodide is made alkaline with sodium hydroxide, 
2-3 0 . 0 . of 40 p.o. formaldehyde added, and the 
whole shaken vigorously for two minutes. The 
solution is acidified with acetic acid, and the 
reduced mercury is dissolved by adding an 
excess of N/10>iodine. After shaking, the excess 
of iodine above that required to form mercuric 
iodide is titrated with 2^/10-thiosulphate (Ber. 
1906, 39, 3702; 1907, 40, 3276; Bull. Soo. 
ohim. 1^7, [iv.] 1, 1169). Mercurous salts 
require a preliminary oxidation. 

(For other methods, v. Compt. rend. 1863, 
66, 63; Chem. Soo. Trans. 1802, 61, 364; 
Arch. Pharm. 241, 444.) 

Molybdenum, (a) By redtiction and avbae- 
fuent oxidation. The sulphuric acid solution 
is reduced by passing it tnroush a long column 
of amalgamated sine to a condition represented 
by the formula MojO. ; the liquid is caught 
directly in ferric sulphate solution, which re- 
oxidises the molybdenum salt, and the ferrous 
sulphate produced is titrated u ith N/lO-perman- 
ganate (Amer. J. Sci. 1907, 24, 313; compare 
Ber. 1906, 38, 604 ; Analyst, 1907, 32, 260). 

(6) lodimeirically. The solution in concen- 
trated hydrochloric acid is boiled with a slight 
excess of potassium iodide till the volume is 
reduced to 26 c.c., when complete reduction to 
the condition Mo^Og is efiected. The solution 
is cooled, diluted to 126 c.c., 0*6 gram of man- 
ganese sulphate added, and then a slight excess 
of N/lO-permang^anate ; N/lO-arsenious acid 
is next added, and after the addition of tartaric 
acid and sodium bicarbonate, the ex^ss is 
titrated with N/lO-iodine. The permanganate 
plus iodine and minus the arsenious acid measure 
the MojtO. present (Amer. J. Sci. 1901, 12, 449 ; 
compare &id. 1896, 2, 166 ; 1898, 6, 168). 

Molybdenum in Steels and Alloys {v. J. Amer. 
Chem. Soc. 1904, 26, 676). 

Nickel, (a) By double cyanide formation. A 
few drops of 10 p.c. potassium iodide are added 
to the cold, slightly ammoniaoal nickel solution, 
and then a small measured volume of silver 
nitrate (3 grams of silver per litre). Standard 
potassium cyanide (26 grams per litre) is then 
run in with stirring till the precipitate of silver 
iodide just disappears ; more silver nitrate is 
added till a very faint turbidity is produced, 
which is then dissolved by the least possible 
excess of cyanide. The relative values of the 
silver nitrate and cyanide solutions are deter- 
mined by a preliminary experiment, and the 
cyanide standardised against a known amount 
of pure nickel (or pure silver, and calculated to 
nicxel). The metnod is rapid and accurate 
(Chem. News, 1896, 72, 92). 

{h) By precipitation. The hot nickel solu- 
tion containing ferric chloride and citric acid 
is made feebly ammoniacal and titrated slowly, 
stirring constantly, with standard potassium 
ferrooyanide (20 nams per litre, titrate against 
pure nickel), untu a drop of the solution when 
acidified with dilute acetic acid develops a green 
colour in five minutes ( J. Amer. Chem. Soc. 1910, 
32, 767 ; Bulk Soo. ohim. 1907, 4, 1163). 

NieM in Sted. Method (6) can be directly 
applied ; method (a) can also be employed with- 


out lemov^ fron, molybdenum, or chromium, 
if a sufiicient excess of ammonium citrate or 
sodium pyrophosphate is added to the solution ; 
or a moderate amount f2-3 grams) of each 
of these reagents may be added (J. Amer. 
Chem. Soo. 1{&7,29, 1201 ; 1908,30, 1116; 1899, 
21, 864; Chem. Zeit. 1908, 32, 1223). (For 
modifications in presence of other metals, 
V. Chem. News, 1898, 78, 177, 190.) 

Nitrogen. Ammonia (v. Aoidimbtby and 
Alkalimetry). 

Hydrazine. lodimetricaUy. A moderate 
excess of sodium bicarbonate or sodium acetate is 
added to the solution of a hydrazine salt, which 
is then titrated with N/lO-iodine. NsH4sa2l 
(J. pr. Chem. 1902, 66, 332; 1903, 67, 140; 
V. also Gazz. ohim. ital. 1899, 29, 266). 

Hydroxylamine. (a) By oxidation. The 
solution of a hydroxylamine sut is slowly added 
to excess of boiling and weU-stirred Barreswil's 
(Fehling’s) solution, the precipitated cuprous 
oxido washi'd, dissolved in acid ferric alum, 
and the ferrous salt titrated witli piTinanganate. 
NHaOHsssCug (Chem. Soo. Trans. 1903, 83, 
1394 ; compare Ber. 1877, 10, 1940). 

(b) By reduction. An excess of titanium 
sesquisulphate is added to the acid solution, 
and the ammonium salt produced is estimated 
by distillation with sodium hydroxide (Ber. 
1909, 42, 2696). 

Nitrates, (a) By reduction. The solution 
is made strongly alkahno with sodium hydroxide, 
5 c.c. of alcohol and 2*6-3 grams of powdered 
Devarda*8 alloy added, and the fiask connecteef 
with a distilling apparatus, the receiver of which 
contains excess of JY/2-hydrochlorio acid. After 
standing for half an hour, the liquid is steam- 
distilled for an equal length of time, when all 
the nitrate has been converted into ammonia 
and driven over into the acid ; the excess of the 
latter is then titrated (Zeitsoh. anal. Chem. 
1894, 33, 113; Analyst, 1910, 36, 307; v. also 
the Gravimetric section). 

(6) lodimetricaUy {v. Zeitsch. angew. Chem. 
1890, 3, 477 ; Chem. Soc. Trans. 1801, 69, 
630 ; Amer. J. Sci. 1892, 44, 117). 

Nitrites, (a) Bu oziiiation. The nitrite solu- 
tion is slowly addea to a measured quantity of 
N/10- permanganate, which is acidified with sul- 
phuric acid, diluted to 400 c.o., and warmed to 
40*, until the colour is just discharged. 
2HNO| a Oy. Otherwise, the cold dilute nitrite 
solution is slowly titrated with A^/lO-permanga- 
nate to a red colouration; a few drops of sul- 
phuric acid are then added, followed by an excess 
of permanganate. The liquid is then strongly 
aoialfied v^th sulphuric acid, heated nearly to 
boiling, and the excess of permanganate titrated 
with N/lO-oxalio acid (Amer. Chem. J. 1883, 6, 
388). 

(6) lodimetricaUy. Several methods have 
been based on the reaction. 

2HI+2HNO, « I,+2NO-f 2H,0. 

It is necessary to perform the experiment in an 
atmosphere free from oxygen ; the iodine may 
be determined by thiosulphate or arsenite. (For 
details, v. Pharm. J. 19, 741 ; Chem. News, 
1904,' 90, 114; cf. Organic analysis, Aromatio 
amines.) 

CohrimeiriedUy. Nitrous acid may be esti- 
mated by the formation cA a yellow colour due 
to the production of paramteosodimethylaniline^ 
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bv adding a aolution of dimetbylaniline hydro- 
chloride to an acidulated solution of the nitroui 
rnciA, and conjparing the intensity of the colonr 
produced with a standard solunon of sodium 
nitrite with the same reagents. (For details, 
see Miller, Analyst, 1912, 37, 346.) 

Osmllimt lodimetricaUy (v. Chem. Zentr. 
1898, ii. 66). 

Oxygen. Faboxides. (a) lodimetruiqUy, Such 
peroxides as those of manganese and lead 
may be estimated by distillation with concen- 
trated hydrochloric add, and collecting the 
chlorine evolved in potassium iodide (Bunsen's 
method). Finely divided peroxides of manganese 
react quantitatively witn cold dilute hydro- 
chloric acid and potassium iodide (Chem. Soo. 
Trans. 1880, 37, 128), a method of estimation 
that is available with the peroxides of the alkali 
and alkali earth metals, which do not give 
satisfactory results by the distillation method 
(Arch. Pharm. 1902, 240, 437). Hydrogen per- 
oxide may be determined in this manner 
(Analyst, 1888, 13, 62). 

(&) By reduction. Hydrogen peroxide, or 
peroxides of the alkal and alkaline-earth metals, 
may be dissolved in cold dilute acid and titrated 
with AT/l 0-permanganate, which loses as much 
oxygen as is lost by the peroxide {v. also Oas- 
Volumetric methods). 

(For critical reviews of methods, Ac., v. 
Arch. Pharm. 228, 432; Amor. Chem. J. 1906, 
36, 117; Zeitsch. angew. Chem. 1901, 14, 828 ; 
1908, 21, 680; Chem. Zeit. 1906, 30. 1276; 
1007, 31, 1267 ; Zeitsch. anal. Chem. 1008, 47, 
466.) 

Phosphorus. Phosphobio acid (obcto*)* 
(a) (u. AoiniMKTBY AND Alkaumetby). 

(&) Acidimetriatlhjf with previous precipita- 
tion. (i.) The precipitated magnesium am- 
monium phosphate (v. Oravimetric section) is 
washed and titrated as described under Mag- 
ficsium (Zeitsch. anal. Chem. 1808, 37, 217; 
Zeitsch. angew. Chem. 1005. 18, 066; com- 
pare Zeitsch. anal. Chem. 34, 33). (ii.) The 
precipitate of ammonium pbosphomolybdate (v. 
Oravimetric section) after washing is 'dissolved 
in a slight excess of standard potassium hy- 
droxide free from carbonate, and the excess 
titrated with standard nitric acid using phenol- 
phthaleln as indicator. One molecular propor- 
tion of PbOb present as (Nlf4)3P04,12Mo0s, 
requires 23 molecules of Kfi in pure aqueous 
oaustio potash- P30gss:23K^0 (J. Amor. Chem. 
Soo. 1806. 17. 060 ; 1807, 19, 703 ; J. Soo. Chem. 
Ind. 1904, 23, 1186). 

(c) By precijpitaiion. To the solution, feebly 
acid with acetic acid, 10 o.o. of 10 p.o. am- 
monium acetate are added and standard uranium 
acetate solution (35 grams per litre) run in from 
a burette until a drop of the solution gives a 
brown colouration witn potassium ferrooyanide 
upon a white tile. The solution is heated to 
boiling, when the latter reaction will no longer 
take jdaoe, and more uranium acetate ad&d 
until the brown colouration is obtained once 
more, e.g . : 


KH,P 04 -fU 0 j(q,H, 0 j),+NH 4 C 3 H, 0 , 

- KC,H,0,+2HC3H,03+\jd,NH4P04 


In analysing alkali phosphates, the uranium 
Bohxtion is standardiera against pure potassium 
dihydiQgen phosphate^ while a solation of 


calcium phosphate in acetic acid, standardised 
mvimetrioalfy by the method of Woy (Chem. 
^it. 1807, 21, 442), must be used If the uranium 
acetate is to be for estimating phosphatee 
of the alkaline earths (J. Soo. Chem. Ind. 1802, 
11, 328). It is essential that titrations should 
be made under conditions closely approximating 
those which obtained when the uranium solution 
was standardised. 

Phospbobus in ibon and smL. This is 
usually separated as ammonium phospho- 
molybdate; it may then be titrated accoxwg 
to & (ii.) above, or the precipitate Is washed with 
dilute ammonium sulphate, dissolved in am- 
monia, the solution strongly acidided with 
sulphuric acid, reduced with zinc, and the 
MogOs solution collected directly in ferric alum, 
the ferrous salt being then titrated as described 
under Molybdenum (Amer. J. Soi. 1907, 24, 
313 ; compare Blair's Analysis of Iron). 

Potassium. By oxidation. The acetic acid 
solution, free from ammonium salts, is evapo- 
rated on the water-bath till pasty with sodium 
oobaltinitrite solution in rather large excess, 
cooled and stirred with 60-100 o.o. of cold water. 
The dipotassium sodium cobaltinitrite is collected, 
on asbestori washed with cold water, and then 
immefsed in -an excess of nearly boiling per- 
manganate solution. After 6 minutes the solu- 
tion is acidified with sulphuric acid, excess of 
AT/lO-oxalic acid added, and the clear solution 
titrated with permanganate. The perman- 
ganate is best standaraised against a pure 
j^tassium salt. The oxidation of 2 molecular 
porportions of K3NaCo(NO|)4 by permanganate 
requires 11 atomic proportions of oxygen or 
4K » 22H (Amer. J. Sci 1907, 24, 433 ; com- 
pare Chem. Soo. Trans. 1900, 77, 1076). (For 
another method, v. Chem. Zeit. 1896, 19, 801.) 

Selenium. Sblbnious acid. By oxidation. 
To the cold solution containing 6 p.o. by volume 
of concentrated sulphuric acid is added an ex- 
cess of iV^/lO-permanganate ; a moderate excess 
of 6^/10-oxalio acid is then added, and the 
titration finished at 60*--60* with permanganate. 
2S0O3 « 0, (Amer. J. Sci. 1896, 60, 61). 

(For an entirely different method, t;. Amer. 
Chem. J. 1896, 18, 703 ; Amer. J. Soi. 1809, 7, 
287.) 

Selbnio acid. lodimetricaUy. (i.) The acid 
is boiled with hydrochloric acid (25 0.0. concen- 
trated acid in a total volume of 76 c.o.) for 
10 minutes in a Bunsen distilling apparatus or 
one of its various modifications, and the ohlorine 
evolved is colleoted in potassium iodide (v. 
supra^ Volumetric estimation of halogens, p. 209) 
SeO, ■■ Clg (Amer. J. Soi. 1896, 60, 400). 
(ii) The solution (60 0.0.) containing 20 0.0. of 
sulphuric aoid (1 : 1) and I mm of potassium 
bromide is distiUed and the liberated bromine 
coUected in potassium iodide. SeO^ => Br^ 
(Amer. J. Sci. 1896, 50, 402). 

Selenium in eithxb state ov oxidation. 
lodimetricaUy. This is effected by a Bunsen 
distillation, the solution (60 0.0.) oontaining 
5 C.O. of concentrated hydmhlorio aoid and 
1-3 grams of potassium iodide. Hie selenium 
compound is zMuced to the element itsdf. and 
an equivalent of iodine is distilled into potaonum 
iodide and titrated. SeO* 2lt and SeOgavSI. 
(Amer. J. SoL 1895, 60, 249; for aaunplwmethoa 
e. Amer. J. SoL 1896, U 81). 
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lOfar. Bjf pretipUaHon, (i) ThenilrjoAoid 
aolation is titnted with standi sodium ohlorido 
until no furthor precipitation is observed. (For 
details of this very exact method, v. the article 
on Assatiho.) A number of devices have been 
described for rapidly filtering a portion of the 
liquid in order to test it for further precipita- 
tion (CSiem. Soc. Trans. 1908, 93, 1037 ; Gasz. 
chim. itaL 1909, 39, it 240). A modified 
method consists in adding a slight deficit of 
sodium chloride, filtering and titrating the 
remaining silver with dilute ammonium thio- 
cyanate (J. Amer. Chem. Soo. 1897, 19, 814; 
s. also Ghem. Soo. Trans. 1900, 77, 232 ; Zeitsch. 
angew. Ghem. 1904, 17, 647). (ii.) Titration may 
be effected with ^/lO-thiooyanate as described 
under Preparation of Handard solutions. 

Sodium (v. Ghem. Soc. Trans. 1898, 73, 167). 

Sulphur, Adds of. Hydbogbk sulphxdb. 
lodimetricaUy. The gas or a measured volume of 
solution is absorbed m an excess of ^/10-iodine, 
the excess being afterwards titrated with ^/10- 
thiosulphate. H^S » I.. Direct titration with 
iodine leads to low results (Zeitsch. anal. Ghem. 
1906, 45, 541). 

Htpbosulfhubous aoid. By oxidation. The 
sodium salt, used in indigo-ayeing, can be 
estimated by dissolving it in air-free wai^r in 
an atmosphere of ca^n dioxide, adding a 
drop of ferrous sulphate, and running in standard 
potassium ferricyanide solution until a blue 
colour appears, air being rigidly excluded 
(Zeitsch. angew. Ghem. 1905, 18, 168): 

Na,S,04+2K,Fe(GN),=2S0a+2K,NaFe(CN),. 
If necessary, a little acetic acid is added to 
ensure that the liquid shall be acid. 

SuLPHPBOUS AOID. lodimetricolly. An 
aqueous solution of sulphur dioxide is estimated 
by running it into an excess of standard iodine 
smution with constant stirring, and not vice 
versd, since that method causes a separation of 
sulphur due to the side-reaction : 

S0,+4HI*S+2Ha04-2Ia 
( Annalen, 1 887, 242, 94). Sulphites mav be accu- 
rately determined by adding the powdered salt 
to excess of ^/10-iodine, and after the decom- 
position is complete, titrating back with A^/10- 
thioBulphate (J. Soc. Ghem. Ind. 1884, 3, 197 ; 
1885, 4, 303) 

SO,+I,+2H.O « H,SO*+2HL 

SuLPHUBio ACID, (c) lodimetricaUv, The 
feebly acid boUing dilute sulphate solution is 
precipitated with an excess of a solution of 
tMiriom chromate in hydrochloric acid (3-4 grams 
BaGr04, 30 c.c. cone. HGl, diluted to 1 litre). 
Barium sulphate is thus precipitated, and an 
equivalent of chromic acid liberated. The 
boiling solution is neutralised with powdered 
chalk to remove exoqps of barium chromate, 
and the chromic acid in the cold filtrate titrated 
iodimetrioally. GrOaaSOs (Amer. Ghem. J. 1889, 
11, 567 ; Ghem. Zeit. 1898, 22, 367). 

(h) Bv precipUation. (l) The boiling sul- 
phate solution, slightly aoid with hydroonlmrio 
acid, is titrated wnh standard barium chloride 
until no more precipitate is produced. BaaS04 
<C3iem. News, 18fo, 59, 41). A device for 
readily observing the end-point is described in 
Ghem. Soo. Tinns. 1997, 91, 1370. (il) Method 
<i.) may be modified by adding an excess of 


barium chloride, and determining the excess by 
adding sodium acetate, acetic aoid, and am- 
monium diohromate, and titrating an aliqnot 
part of the filtrate with 2\r/20-ferrou8 sulphate 
(Cbem. Soc. Trans. 1909, 95, 2198). (iii.) The 
sulphate is precipitated from dilute solution 
with excess of benzidine hydrochloride solution 
as benzidine sulphate, and the precipitate 
titrated with ^/lO-sodium hy^xide, using 
methyl orange as indicator (v. Zeitsch. angew. 
Ghem. 1907, 20, 9, for details, corrections, Ac.). 

Thiosulphurzo aoid. lodimetricaUy, Thio- 
sulphates are titrated with iodine as in stan- 
daraising thiosulphate solution (v. supra, p. 205) ; 
sparingly soluble salts are suspended in watw 
and titrated, shaking vigorously in a stoppered 
bottle all the time. 

Persulphurio AOID. (a) By oxidation. The 
solution is acidified with sulphuric aoid, a con- 
siderable excess of standard ferrous sulphate is 
added, and then 100 o.o. of hot distilled water 
(70*-80*). Excess of ferrous salt is then quickly 
titrated with JV/lO-permanganate. 

2FeO (Ghom. Soo. Abst. 1900, ii. 45). 

(For other methods, v, Ghem. Zentr. 1900, 
435; Amer. J. Soi. 1001, 12, 367; Oazz. ohim. 
ital. 1902, 32, ii. 383 ; Bull. Soo. ohim. 1908, 
30, 930.) 

Tellurium, Txllurous oompounds. (a) By 
oxidation. The solution is rendered alksiino 
with sodium hydroxide, an excess of iV’/lO-per- 
manganate is added, and the excess estimated 
by acidifying with sulphuric aoid, adding 2\r/10- 
oxalio acid m excess, and finishing the titration 
with permanganate. 2Te04=»0| (Ghem. Soc. 
Trans. 1891, 59, 238 ; Amer. J. Soi. 1899, 8, 
122 ). 

(6) By precipitation as tetraiodido in mo- 
derately concentrated sulphuric aoid solution 
(Amer. J. Soi. 1896, 2, 271). 

(c) lodimetricaUy (v. Amer. Ghem. J. 1898, 
20, 278). 

Tbllurio coHFOUinis. lodimetricaUy, The 
tellurato is distilled with concentrated hydro- 
' oldorio aoid in Bunsen’s apparatus, the ohlorine 
absorbed in potassium iodide and the iodine set 
free is titrated with ^/lO-thiosulphate. Telliirio 
anhy^ido must be previously dissolved in oon- 
centratod potassium (not s^ium) hydroxide, 
since it is scarcely attacked by hydroohlorio 
aoid. The reduction, which proce^ to tol- 
lurous aoid, may be also effected by distillii^ 
with potassium bromide and dilute sulphuric 
aoid (Zeitsch. anorg. Ghem. 1894, 7, 132). 

Thallium. lodimetricaUy, The dilute solu- 
tion of thallio salt is mixed with excess of 
potassium iodide, and the iodine liberated is ti- 
trated with JV/lO-thioBulphate. T1 I| (Compt. 
rend. 1902, 134, 656). 

Tin. Staevous SAurs. lodimetricaUy, The 
cold hydroohlorio acid solution of the stannous 
salt is titrated with ^/10-iodine. Sn » It (J. 
Amer. Ghem. Soc. 1897, 19, 809). Free exposure 
of Uie solution to air must be avoided, since 
stannous salts readily undergo oxidation ; it is 
preferable to work in an atmosphere of carbon 
moxide. 

StaEVZO BALTS must be reduced before 
titration with iodine ; this may be accomplished 
by beatmg the hydroohlorio arid srintioii with 
iron, or ueet nickel, or vrith finely powdered 
antimony (Ghem. News* 1901, 84, 167). 
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Tttmlmn. By rtdw^Um mvi tribaequent 
oxidation. It is difficult to obtain accurate 
results with quantities of titanium dioxide 
exceeding 0*10 gram. The warm, dilute aul- 
phurio acid solution of titanic salt is reduced to 
the torvalent condition by means of zinc, 
aluminium-magnesium alloy, or zinc-aluminium 
alloy (Zn, 00 p.c. A1 10 p.c., cast in sticks), 
coolM and rapidly filtered into ferric sulphate 
solution; the equiTalent quantity of ferrous 
sulphate produced is titrated with ^/10-perman- 
ganate. Ti « Fe (Chem. Zeit. 1907, 31, 300 ; 
Amer. J. Sci. 1908, 20, 130 ; Analyst, 1010, 35, 
108 ; compare J. Amer. Chem. 1800, 17, 
878). 

Titanium and Iron {v. Iron). 

Tungsten. By reduction and subsequent 
oxidation. The solution is rc<luoed by zinc and 
hydrochloric acid to a condition corresponding 
to the oxide WO., filtered and titratecl with a 
standard ferric solution. The end-^int is per- 
ceived by the disappearance of the intense blue 
colour of the intermediate compound correspond- 
ing to W|0|, the reaction 

Fe,Oa+WOa = WOa-i-2FeO 
being quantitative (Chem. Soo. Proc. 1009, 20, 
227). 

Uranium, (a) By reduction and subsequent 
oxidation. The solution, containing 20 c.c. of 
concentrated sulphuric acid in a volume of 
120 c.c., is poured upon 100 grams of pure 
zinc (in sticks 2 cm. long), heated nearlv to 
boiling for 10 minutes, nltercd into a largo 
TOroelain dish, and .the zinc washed with cold 
^ute sulphuric acid (1:10 by volume) till the 
total volume of solution is 300 o.o. The solution 
of uranous sulphate, which should be sea-green in 
colour, is then titrated with AT/lO-portiianganate. 
The solution can also be reduced by oassage 
through a long column of amalgamated zinc ; 
in eitner case the reduction proceeds a little 
too far, but oxidation to the uranous state is 
accomplished during the filtration and washing. 
High results are obtained by carrying out the 
experiment in an atmosphere of carbon dioxide. 

0U(SO*), -» 2KMn04 « lOFeSO*, or U =. 2Fe 
(J. Amer. Chem. Soc., 1000, 31, 307 ; compare 
ibid. 1901, 23, 680 ; 1900, 28, 1041 ; Amer. J. 
Sci. 1003, 10, 220). 

(6) lodimeirically (r. Ber. 1004, 37, 189). 

Uranium and Vanadium (v. J. Amer. Chem. 
Soo. 1006, 28, 1443). 

VaMdium. (a) By reduction and subsequent 
oxidation, (i.) The vanadio solution containing 
sulphuric acid is boiled with sulphur dioxide 
until the colour is a pure blue, and the exc^ 
of sulphur dioxide then expelled with carbon 
dioxide ; the solution, containing vanadium 
salt corresponding to the oxide Vs04, is then 
titrated hot with iv /10-permanganate, (ii.) The 
sulphuric acid solution is passed through a long 
column of amalgamated zino, and the reduced 
solution collected and titrated as described 
under Mtdybdenum, In this case reduction 

g rooeeds as far as the oxide V4O., (Amer. J. 
oi. 1008, 20, 332; compare ibtd. 1903, 
10, 389). (iii.) The solution is evaporated 
nearly to dryness three times with concentrated 
hydr^hlorio acid, when vanadvl chloride VOCl, 
is formed; hydroohlorio acid is removed by 
•vsporation with sulphuric acid, the solution 


diluted and titrated with AT/lO-permanganatc 
(Ber. 1903, 36, 3164). 

(6) By reduction. The vanadate solution, 
hot or cold, and containing hydrochloric oi 
sulphuric acid, is titrated with standard (2 p.o.] 
stannous chloride (titrated against iodine) until 
a drop of the solution gives a blue colouration 
with ammonium molybdate. Reduction prO' 
oeeds as far as the tetroxide (Bull. Soo. 
chim. 1008, 3, 026). 

(e) lodimetricaUy. (i.) About O*3-O*0 gran 
of vanadate is distilled with 1 *0-2*0 grams oi 
potassium bromide and 30 c.c. of concentrated 
hydrochloric acid, the liberated bromine ab- 
sorbed in potassium iodide, and the iodine 
titrated witn A^/lO-thiosulphate ; ViOg » Brg, 
the reduction proceeding to the tetroxide (Chem. 
Zentr. 1890, i. 077 ; for other iodimetric methods, 
V. Amor. J. Sci. 1806, 2, 180, 305; 1902, 14, 
360). 

Vanadium and Chromium (v. Bull. Soc. chim. 
1004, 31, 962). 

Vanadium and Uranium {v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

Vanadium and Iron (v. Iron ; and J. Amer. 
Chem. Soo. 1908, 30, 1220, 1233). 

Zlne. (o) By precipitation. The chloride 
solution, containing 3 c.c. of concentrated hydro- 
chloric acid in a volume of 250 0.0., is heated 
nearly to boiling, and titrated with standard 
potassium ferrooyanido solution (21*0 fmmt 
per litre, titrated against pure zinc) untu one 
or two drops of the solution produce a brown 
colouration with uranium nitrate (J. Amer. 
Chem. Soo. 1000, 22, 198 ,* 1004, 26, 4 ; 1908, 
30, 220; Zcitsch. anal. Chem. 1006, 44, 174). 
The uranium nitrate indicator may be replaced 
by ammonium molybdate (Chem. Zoit. 1005, 20, 
901). It has been recommended to add excese 
of forrocyanide, and titrate back with standard 
zino chloride (Zeitsoh. anal. Chem. 1896, 30, 
460). 

(For the application of this method to oree 
and alloys, v. J. Amer. Chom. Soo. 1007, 20, 
265 ; Chom. Zoit. 1005, 29, 051 ; J. Soc. Chem. 
Ind. 1005, 24, 228, 1278.) 

(b) Acidimetrically. As for Magnesium^ v. 
s?ipra, p. 212; and J. Amer. Chem. Soo. 1001, 
23, 468. 

(c) lodimetricaUy. As for Magnesium, v. 
supra, p. 212 ; and J. Amer. Chem. Soo. 1900, 
22, 303. 

COLORIMETEIO METHODS. 

These methods are especially valuaole foi 
the estimation of very small quantities of sub- 
stances, and are capable of giving very accurate 
results. The depth of tint produced by some 
charaotoristio colour reagent in a given volume 
of the solution is compared with the tint pro- 
duced by the same reagent in an equal volume 
of a solution containing a known i^antity oi 
the substance to be determined. The tint in 
the comparison tube can be varied by varying the 
proportion of the substance which it contains, 
and when the tints are equal the quantities ol 
the substance in each tube are also equal. The 
quantity in one tube is known, and hence that 
in the other is determined. It is important thal 
the compsffison be made under oompazable con- 
ditions wdth respect to degree of aoidi^ oi 
alkalinity, proportion of the leagent^ ana the 
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lika It is also important that tho depth of tint does not interfere (T&uber, Ber. 1890, 82, 8160). 
should not be materially affected by the presence A mistnre of potassium carbonate (138 parts) 
of other saline snbstanoes in the solution under and magnesium powder (72 parts) has been re- 
examination. commended for general use in detecting nitromn 

The following substances may be determined even in the case of diaso- derivatives and stifle 
by these methocb : — pyrrole compounds (c. Ber. 1002, 36, 2623; 

Lead, with hydrogen sulphide. Qazz. chim. ital. 1^, 34, [21 360). This 

Copper, with hydrogen s^phide or potassium mixture is, however, found to take up nitrogen 
fenocyanide (Caxndley, Chem. News, 32, 308). from the atmosphere (Ellis, Chem. News, mO, 
Iron, with potassium ferrocyanide (Camelley, 102, 187). 

Chem. News, 30, 267). Halogens are detected by heating the sub- 

iron, with potassium thiocyanate (Thomson, stance with pure lime or pure soda-lime, extraot- 
Chem. Soa Trans. 1886, 493). ing with water, slightly acidifying with nitric 

Vanadinm, with hydrogen peroxide. acid, and testing with silver nitrate. ^ Highly 

Titanium, with hydrogen peroxide (Weller, nitrogenous compounds, when heated with lime, 
Ber. 1882, 16, 2693). are apt to yield calcium ovanide ; hence the 

Ammonia, by Nesaler’s solution (u. Water), supposed precipitate of silver htilide should 
Iodine, .in solution in carbon disulphide, or always be tesM for cyanide (v. Separation 
with starch. of cyanide and chloride), unless nitrogen is 

Nitrates, by phenolsulphonio acid test known to be absent. With soda-lime no 
\v. Water). cyanide is formed. The substance may also be 

NitritM, by (L) m-phenylencdiamine ; (ii.) heated with sodium or potassium as in testing 
iulphanUio acid and a-naphthylamine(v. Water), for nitrogen; iodine and bromine are deteotoa 
The principle may likewise bo applied to the by acidifying, adding chlorine water, and shaking 
comparison of colouring matters, provided that up with chloroform, which becomes purple or 
^he solutions are sufficiently diluted (v. Colori- brown. The supposed silver chloride should, 
heteb). however, always be tested for cyanide. 

Sulphur and phosphorus in non-volatile sub- 
Ultimati Analysis of Carbon Compounds, stances are detected by fusing with caustic soda 
The majority of carbon compounds contain or potash mixed with about ono-fifth its weight 
carbon, hydrogen, and oxygen, or carbon, hydro- of potassium nitrate, or by heating with sodium 
;en, oxygen, and nitrogen ; a smaller number peroxide diluted with sodium carbonate ; in 
contain one or more of tho halogens, or either case the product is tested for sulphuric 
lulphur. There are a still smaller number of or phosphoric acid. Volatile or non-volatile 
erganio derivatives of phosphorus, arsenic, substances may be oxidised by heating in a 
intimony, silicon, and other metalloidal and sealed tube at 150*'-300'*, according to oir- 
netallic elements, and the metals also occur in cuinstances, with fuming nitric acid of sp.gr. 1*6. 
ho salts of organic acids. Sulphur and phosphorus are oxidiseu to sul- 

phuric and phosphoric acid respectively. 

Qualitative Examination, Sulphur is also detected by heating the sub- 

Carbon is converted into carbon dioxide stance with sodium, extracting with water, and 
vhen the substance is heated with cupric oxide, adding sodium nitroprussido, when a brilliant 
Hydrogen. The substance is heated to a violet colouration indicates tho presence of 
emporature below that at which decomposition alkaline sulphide. 

}egins, until all water existing as such is ex- Arsenic and antimony are detected by fuung 
)ened, and is then heated with finely divided the substance with equal weights of sodium 
md recently ignited cupric oxide ; tho hydrogen carbonate and sodium peroxide, extracting with 
I evolved as water. water, acidifying, and passing in hydrogen sul- 

Nitrogen. Many carbon compounds contain- phide. Other appropriate tests for these two 
ug nitrogen evolve this element in the form of elements may be applied. 

.mmonia when heated with caustic soda or soda- ^ . . 

ime, but this test is not applicable to nitro-, Quantitaitve DeUrm%natton$. 

dtroso-, azo-, and diazo- derivatives. Carbon and hydrogen in absence of nitrogen, 

Many nitro-, nitroso-, and diazo- derivatives halogens, &0. 
ivolve oxides of nitrogen, with or without ex- The simplest and most convenient method 
)losion, when heated. for general purposes is to bum the compound in 

Nitrogen in all classes of carbon compounds, a glass tube in a current of oxygen, assisted by 
rith the exception of the diazo- compounds, cupric oxide ; the carbon is converted into oar- 
aay be detect^ by heating the substance with bon dioxide, which is absorbed by caustic 
aetallio sodium or potassium, together with potash ; the hydrogen is converted into water, 
ome sodium carbonate if the substance is which is absorbed by calcium chloride or oon- 
xplosive. The nitrogen is converted into centrated sulphuric acid. 

.Ikali cyanide, and the cooled mass is extracted Erlenmever's modification of Von Babo’s 
rith water and the cyanogen detected by the furnace is frequently employed. The heat is 
’ruasian-blue test, which consists in adding «upplied by a row of 20-26 Bunsen burners, 
BiTOUs sulphate to the alkalmo solution after each of which is provided with a tap and a per- 
iltration, warming gently and then acidifying, forated collar for regulating the suppljr of air. 
Nitrogenous osrSon compounds containing The flames strike the under side of a semicirou^ 
ulphur yield, when heatM with sodium, a fireclay or sheet-iron trough or gutter in which 
hiMyanate, and the Prussian-blue test cannot the combustion tube rests on a layer of mag nesia 
le used. A large excess of potassium is reoom- or asbestos. Inclined at an anxls over this 
Bended in thisosse, when it is stated that sulphur gutter on either side is a row of fireclay tilse 
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by which the flame k reverberated ufion the 
upper part of the glace tube, which is thus 
heated all round. Each tile can be palled book 
end rested against an iron rail which runs down 
each side of the furnace, and thus any port of 
the tube can be readUy examined, andf more- 
over the tiles can be made to assist in regulating 
the temperature. 

In Hofmann’s furnace the tube is h^ted by 
two double rows of perforated cylindrical fire- 
clay burners placed over ordinary fish-tail 
burners. The tube rests upon the top of a 
central row of much sho^r burners. The 
burners are inclosed by flat vertical tiles, and 
flat tiles are laid horizontally on the top. 

In the Glaser furnace the heat is povided by 
a row of Bunsen burners. The tube is supported 
by a series of semioircularjMrf orated iron plates, 
placed close together, llie flames strike the 
bottom of these plates, and then pass through the 
perforations and strike against the fix^lay 
covers, by which they are reverberated on the 
tube, so that the latter is heated from the top 
and sides as well as from the bottom. The tul:^ 
is usually wrapped round with wire gauze. This 
furnace will give higher temperatures than the 
Erlonmeyer furnace, but consumes more gas. 

A more modern type of combustion furnace 
which gives very high temperatures with a small 
consumption of gas has boon introduced by 
Fletcher. The furnace itself consists of six se- 
parate hollow fireclay blocks 6 inches in length 
and of the same height, which are placed end 
to end, so as to give a total length of 3 feet. 
The combustion tube is supported on a fireclay 
trough placed along the top of the row of furnace 
blocks which are each pierced along one side 
with five holes loading to a hollow space im- 
mediately below the trough. The main gas- 
supply pipe is a brass tube of square section 
which is raised about 1} inch above the stone 
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tnoh by tsnninal brass supports ; it carries 
^irty burners projecting at right angles from 
it in a slanting direotion^ so tl^t then: nozzles 
reach upwards to the perforations in the fumaoe 
blocks, the centres of these holes being about 
3} inches above the bench. Each fumaoe block 
is therefore heated by five burners, and rever- 
beration is ensured by small semioiroular fire- 
clay arches, three of which fit loc^y on each 
of the fumaoe blocks. Owing to their oblique 
positimi, the burners are readuy kept clean, the 
brass heating arrangement is auite sepmte 
from the earthenware furnace, and the taps and 
lower paita of the burners are protected from 
the heat of the funaoe by a brass shield running 
along the whole length of the main gas pipe. 


' The fumaoe cmi be built up in shorter leiigte 
by using fewer of the fnmaoe blocks, of wnioh 
two are represented in 1^. 16. 

To avoid the necessity for using an india- 
rubber stopper between the combmion tube 
and the water-absoiption apparatus, Maiek 
suggests a mercury jomt made by drawing out 
the combustion tube to a oomcal end, and 
fixing round this a knee tube by means of 
asbestos and fused silver chloride. The knee 
joint, which is loosely filled with silver ribbon, 
fits into a bell-shaped tube dipping under 
mercury (J. pr. Chem. 1907, [2] 76, 180). 

The combustion tube should consist of In- 
fusible potash or Bohemian glass 1*6-2 mm. 
thick, with an internal diameter of 12-16 mm. 
It should be of such a length that it projects 
about 2 cm. from each end of the gutiw or 
trough. Pieces of o^per wire gauze almut 2 om. 
broad, heated in a name to remove grease, ore 
rolled up into plugs which fit moderately tightly 
in the tube, and one of these plugs is puwed 
into the tube to a distance of about 26 cm. from 
one end. The tube is then filled with freshly 
ignited granular cupric oxide to within 6 or 6 om. 
of the other end, and a second plug is inserted. 
The granules of euprio oxide should be fairly 
regular in size, and 1*6-2 mm. cube. Another 
plug about 10 om. long is made by rolling a pleoe 
of copper gauze rouna a stout copper wire 12 om. 
long, and bonding the projeotmg end of the 
latter into a loop oy means of wnioh it oan be 
withdrawn from the tube. This plug is placed 
in the other end of the tube behind the boat. 
The end of the tube nearest to the copper oxide 
is fitted with a dry caoutchouc stopper perforated 
to receive the tube of the absorption apparatus ; 
the other end is closed by a similar stopper, which 
carries a piece of tubing of very narrow bore, 
which is connected with the apparatus for d^ing 
the oxygon. 

The substance to be analysed is contained in 
a platinum or porcelain boat about 70 mm. long 
and 8 mm. deep, of such diameter that it slides 
easily in the combustion tube. It may eon- 
veniontly be inclosed in a small well-oorkra tube 
while being weighed. 

The water is absorbed by granulated anhy- 
drous oaloium chloride, which is treated with a 
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current of dry carbon dioxide, and then with 
a current of dry air to convert any oaloium oxi^ 
present into carbonate, and thus prevent the 
absorption of oarbonio dioxide. 

The oaloium chloride is contained in a U-tube 
provided with a small side bulb for oondsnsiiig 
the water, the tube from this bulb ^t^ diieotly 
into the cork in the oombustioii tube^ whilst the 
othsar Umb of the U-tube is olooed by a caoutolmiio 
cork oairying a narrow tube bent at a rifl^ aot^ 
and eonneoted with the potash bulbsfFigs. 'IS 


ANALYSia 


•ad 10). In tlw nbeenoe of the tide Imlh, eeoh 
limb of the tube ie eloeed a oeontehono cork 
oen7iii|r e neiiow tube bent at a right angle, 
one of UMie tubes fitting direotir into the oork 
of the oombustxm tnb^ and the other being 
oonneoted with the potaih bulbs. A small test- 
tube, 2-8 om. long, fdaoed in the upper part of 
the first limb of the U*tube, collects the greater 
part of the water, and thus protects the calcium 
chloride (Na 1, 17). (For other forms of 

calcium chloride tubes, e. Ghem. Soc. Proc. 1906, 
22, 87 ; Ghem. Zeit. 1907, 31, 842.) 

A U-tube containing pumice moistened with 
strong sulphuric acid may also be used to collect 
the water, but bulbs ^ed with the acid must 
not be used, since it dissolves an appreciable 
quantity of carbon dioxide. 

The carbon dioxide is absorbed in a strong 
solution of potassium hydroxide made by dis- 
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solving this substance in an equal quantity of 
water. The solution is contained in * potash 
bulbs,* of which there are many forms. Geissler’s 
form is the most convenient, since it will stand 
on its own base (No. 2, Fie. 18). Liebig's original 
form (No. 1) is still used, but the more recent 



form devised by Bender (Fig. 19) secures eIBcient 
absorption, and is convenient for weighing, as 
it stands either on its own base or on an alu- 
mininm foot. 

The Geiasler or Liebig bulbs must contain 
such a quantity of caustic potash solution ^at 
it washes np to a certain extent in the last 
bulb, but yet is not sufficient to fill the large 
first bulb in case a vacuum is produced by rapid 
absorption of the In addition to the potash 
bulbs, a U*tube fiUed with granulated soda-lime, 
with a layer of oaloinm chloride 2 om. deep in the 
npper pi^ of each limb, is used to absorb the 
hist traces of the gas and any small quantity of 
moisture that nuiy be given off from the oanstio 
potash sdutioo. Two such soda-lime tubes may 
be used in plaoe of potash bulbs. (For other forms 
of osrbon dioxide absorption tnb^ v. Ghem. Zmt. 
2908, 29, 669; 1907, 81, 842; 1008, 82, 77; 
Amer. Oiem. J, 1906, 36, 309 ; Ann. Chim. anal. 
1907, 12i 318 ; Ghem. Soc. Proc. 1908, 24, 182.) 


The tube oonitainiog the ■oda-lime is oon- 
neoted with a (J-tube filled with oaloinm ohlofMe, 
to protect the ebaorption apparatus from mois- 
ture; this is espeoisBy neei uul when the is 
drawn through the apparatus by means of an 
aspirator. 

The oxygen or air used in the oombustion is 
freed from carbon dioxide by passing through a 
strong solution of oaustio potash. If oomprMsed 
oxygen is employed, it is advisable to pass it first 
through a short length of heated oombustion tube 
containing cupric oxide, in order to bum out 
any carbonaceous impurity. The air or oxygen 
is then dried by passing through dry calcium 
chloride or through pumice moistened with 
concentrated sulphuric acid, the same, desio- 
eating asent must be used to dry the sas as is 
employed to oolleot the water produced during 
the combustion. 

The oxygon is dried b^ passing it through 
two long U -tubes containing calcium chloride. 
Instead of the U~tubos we may use a tall 
cylinder with the lower half filled with soda-lime 
and the upper with calcium chloride. 

The oxygen required for combustions in the 
open tube may be prepared from potassium 
cnlorato and magnanoso dioxide and stored over 
water in gasholders of moderate capacity. The 
gas may also bo generated as required by the 
following method, which furnishes the gas under 
sufficient pressure for use in combustions. A 
solution of 26 grams of potassium permanganate 
in 600 0 . 0 . of water, ancl 60 o.o. of sulphuno acid 
is introduced drop by drop into a litre flask 
containing 600 o.o. of hydrogen peroxide (10 
vols.). The gas contains chlorine and oxone, 
which arc removed during its passage through 
the purifiers (Bull. Soo. Chim. 1007, [4] 1, 601). 

TAe operation , — ^The tube is placed in the 
furnace and oonneoted at one end with the dry- 
ing apparatus and at the other with the calcium 
omorido guard tube, but not with the absorption 
apparatus. It is gradually heated to redness, 
a current of dry oxygen is passed through fof 
half an hour to remove all moisture and organic 
matter, and the tube is allowed to oooL When 
a combustion tube is being used for the first 
time or after a long intervu, it is advisable to 
carry out a blank experiment by patting on the 
absorption apparatus and beating the tube for 
some time in a stream of dry oxygen. If the 
tube is ready for the analysis, the weight of the 
absorption tube and apparatus should be 
constant. The solid or non-volatile liquid sub- 
stance is now weighed into the platinum boat, 
whioh is introducM into the tube by removing 
the long copper the back, and the latter 

is then replaced. The front end of the tube is 
then oonneoted with the absorption apparatus, 
and the other end is connected with the drying 
tubes and the oxygen reservoir. The bumen 
under the front part of the tube are now lighted 
and the temperature gradually raised tmiil the 
tube is at a dull-red heat to within 12 om. of the 
boat. The tube in contact with the stopper at 
the front end should be so hot that it can only 
Just be touched by the finger, and this tempera- 
ture slKrald be maintauied throughout the 
operation by regnlating the first two Dumers, fak 
QNtor to prevent oondnisation of moisture with- 
out decomposing the stopper. If any water 
shonld conoinkse^it may be volatilised by oringing 
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out of tht hot tilef dote OTtrilM tube. Thelatt 
two or thitt biumea tuidtr the long copper plug 
at the book tie now lighted and the temperature 
gradually lalied to dull redness, whilst at the 
same time the copper oxide is heated to within i 
5-6 cm. of the boat, and a current of oxygen is 
passed through the tube at the rate of a bubble 
every two seconds. One of the burners under 
the boat is then lighted and the boat very 
gradually heated, combustion being regulated 
BO that the bubbles passii^ into the potash bulbs 
can easilv be counted, v^en the substance is 
completely carbonised, the temperature of the 
boat is raised and the current of oxvgen increased 
to a bubble per second. Towards the close of 
the operation the boat is heated to redness and 
a somewhat more rapid current of gas is passed. 
It is not necessary to heat the tuM above red- 
ness, and a higher temperature produces distor- 
tion. When combustion is complete, the current 
of oxvgen is continued for a short time to drive 
out all carbon dioxide and reozidise any reduced 
copper. When the oxygen bubbles through 
the potash bulbs at the same rate as through 
the drying apparatus, the oxygen reservoir 
is diioonneoted and a current of air is drawn 
through the whole apparatus to expel the oxygen. 
At the same time the tube is gradually cooled 
and is ready for a second operation. If the 
tube is carefully heated and cooled, it may be 
used for a very large number of analyses. The 
absorption apparatus is disconnected and 
weiffhed. All the weighings should be made 
wiinout the plugs of caoutchouc tubing and 
glass rod whion are used to protect the contents 
of the tubes and bulbs from the air. When 
several analyses are being made of substances 
which bum only with difficulty, the entire heat- 
ing may with advantage bo carried out in a 
current of oxygon, and some saving of time is 
effected by weighing tlie absorption apparatus 
ailed with oxygen. 

Volatile liquids are inclosed in a smaU thin 
cylindrical glass bulb 3 cm. long, with a capillary 
neck, readily made by drawing out a piece of 
wider tubing. The bulb is weigned, heated, and 
the capillary tube immersed beneath the liquid. 
As the tube oools a small quantity of the liquid 
enters. This is heated to boiling, and when the 
air is expelled the end of the tube is again 
placed in the liquid, and when the vapour oon- 
denses the bulb is oompletelv 6Ued. If the 
liquid is very volatile, the oapillary end may be 
sealed before weighing the tube, but usually this 
is, not necessary. The bulb is placed in the 
b^t with the capillary end open and directed 
towards the ooppw o»de. Combustion is con- 
ducted as already deeoribod, but much greater 
care is required, especially if the liquid u very 
volatile. The front part of the copper oxide 
must be quite red-hot before the liquid begins 
to voUtilise, and it is advisable that the bulb 
be empty before the copper oxide near the 
boat is heated. With an von gutter sufficient 
heat is oonduotod to vapourise volatile liquids, 
but in other cases a ve^ low flame may be 
used, or mie of the hot tiles may be held over 
the boat. In all cases it is difficult to prevent 
diffusion of vapour into the back of the tube and 
even into the drying apparatus. The long 
copper plug at the back incr e ases the speed of 
the currant by daeraastaig the diameter of the 


pasMge, and the narrow diameter of the entrance 
tube eesistB In a similar manner, bat in ell eaeee 
of the analysis of a volatile snbstance a alow 
current of air should be passed almost from the 
beginning. I^ter, oxygen should be passed, but 
not too soon, otherwise an explosive mixture 
may be formecL The open tube, in fact, does not 
yield sneh satisfactory results with volatUe 
liquids os with other substances, and in such 
oases combustion should be made by the follow- 
ing method. 

Litbig*$ original mHhod as modified hy 
Bunsen. Granular cupric oxide and some of the 
finely divided oxide are heated strongly, and 
while still hot are placed in flasks with long necks 


Fig. 20. 

which are then tightly corked. The combustion 
tube is drawn out at one end in the manner 
shown in the figure, and sealed at the point a. 
A layer of granular cuprio oxide 
about 10 cm. long is first intro- 
duced by placing the combustion 
tube in the neok of the flask (Fig. 2 1 ) 
containing it, and then 2-3 oin. of 
the finely divided oxide. The sub- 
stance (about 0’5 gram) is now intro- 
duced from a long narrow weighing 
tube which can bo inserted into the 
mouth of the oombustion tube, and 
5-6 cm. of the finely divided oxido 
is added and intimately mixed uith 
the substance by means of a long 
copper wire, the lower end of which 
has two twists like a corkscrew (Fig. 

22). The wire and sides of the tube 
are rinsed with some of the oxide, and 3^0. 21. 
the tube is filled with the granular 
oxide to w'ithin 5-6 cm. of the top, and a plug of 
onprio gauze inserted. Every care must be tMen 
to prevent absorption of moisture by the cupric 
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oxide. The remainder of the operation is oon- 
duoted as described above, and when oombustion 
is complete the drawn-out end of the tube is oon- 
neoted with a drying apparatus, the tip broken 
off inside the oaoutonouo tube, and a current of 
oxygen and afterwards of air passed through 
the apparatus. 

In whichever way the oombustion is made it 
is found that the peroentam of hydrogen is 
always about 0*1-0*16 too high, a result attei- 
bttted to the diffionlty of perfectly drying the 
cuprio oxide, Ac. It Is frequently stated that an 
open tube rarely gives oonsot issults ths first 
tims it is used ; but this is solely dus to nsgleet 
of the precaution of first heating in a cunsnt of 
oxygen. 
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ComBiMffMi wUh Uai tktmaie. Bob* 
•tanoet each u graphite, resiiu,* fto. which are 
oxidised with great dUBoulty, should be burnt 
with lead ohromate, or in extreme oases with 
lead ohromate oontainii^ 10 p.o. of potassium 
biehromate ; these oxidising agents can be em- 
dojed in ei^er open or closed combustion tubea 
llie ohromate is precipitated by adding potas- 
sium bichromate to a solution of lead nitrate, 
wadied, dried, fused, and then graulated. It 
is heaM immediately before being used, and 
the tube is filled in the same manner as with 
copper oxide in B. Ihe efficienov of the lead 
ohromate depends mainly on the fact that at a 
high temperature it fuses. After being used it 
is neated with nitric acid in order to remove the 
reduced oxides, and is washed, dried, and 
again imited. 

Carbon and hydrogan In presence of nitrogen, 
halonns, Ac. \Vben nitrogen is present it is 
partly converted into nitrogen oxides, which 
are absorbed by the oaustio potash. In order 
to avoid this source of error, the front of the 
tube contains plugs of copper wire gauze or a 
layer of granulatra metallic copper ]2'15 cm. 
in length reduced in carbonic oxide. The copper 
is heated to redness throughout the operation, 
aud the nitrogen oxides are decomposed with 
absorption of oxvgen and liberation of nitrogen. 
A silver ^auze plug is preferable to the copper, 
because u the latter is reduced in hydrogen, it 
is apt to retain water, and if in methyl al^hol, 
it may also contain carbon (Zoitsoh. anal. Chein. 
1006, 14, 741). 

Perkin (Ohem. Soo. Proo. 1880, 37, 467) 
employs precipitated manganic oxide made into 
a paste with a saturated solution of potassium 
chromate containing 10 p.o. of dichroroate, dried 
and ^nulated. A layer of this mixture 16 cm. 
long 18 placed in the front of the tube and heated 
to 200 -260’’ C. All nitrogen oxides are ab- 


Borbod, but if the mixture is neated too strongly 
they are partially expeUod. After each analysis 
the manganic oxide is heated more strongly 
whilst a current of air is passed through the tuM, 
and the nitrogen oxides are more or less com- 
pletely driven off. 

The halogens, when present, form hslide 
copper salts, which are somewhat volatile and 
are liable to be carried into the absorption 
apparatus. In such oases the front layer of 
copper may be replaced by silver foil or gauze, 
wmoh decomposes the nitrogen oxides and also 
absorbs the halogens. Compounds of this kind 
may also be burnt by means of lead ohromate, 
(sti supra), or a mixture of the substance with 
lead ohromate may be placed in a porcelain 
boat and burnt in a current of oxygen in the 
usual way (e/. Amer. Chom. J. 1906, 35, 531). 

Sulphur forms sulphur dioxide, which is ab- 
sorbed by caustic potash. Compounds contain- 
ing this element may be burnt with lead chro- 
mate, care being taken that the front of the tube 
is not too hot ; or the front of the tube may 
oontain a somewhat longer layer of manganic ; 
oxide and potassium chromate, the front hidf 
being kept at 200’’-250’’ to absorb nitrogen 
oxidies, whilst the rear half is heated to oii]] 
redness and absorbs the sulphur dioxide 
(PerUtt, !.«.). 

Coii^sfibii in presenes af a amtad 
pJbsUmes. The vsib id n speeisl oombustioo 


furnace may be obviated by bringing a mixture 
of oxygen and the vapour of the organio sub* 
stance neated to a suitable tempmture, into 
contact with some active material, such as 
platinum, platinised quartz, platinised asbes^, 
palladium, or even finely divided copper oxide. 
This process, which has been applied successfully 
by Dennstedt and his collaborators to a varied 
series of organio substances, is carried out in a 
hard -glass or Quartz combustion tube, about 
86 om. in lengtn and 16-18 mm. in diameter, 
the contact material being placed about the 
middle of the tube. Platinis quartz is pre- 
pared bv soaking thoroughly clean and diy 
quartz fragments in an alcoholic solution of 
pyridine platinichlorido and igniting them over 
tne blow-pipe. A layer of about 3 om. of this 
material can be useii in the combustion, or 
platinum foil or wire may be employed, one of 
the most efficient forms of this metal being a 
six-rayed star of platinum foil, about 10 om. in 
length. The combustion is most oonveniently 
effected in a double supply of oxygen. The 
boat containing the substanoe is placed in the 
hard-glass inner tube (18 om. in length) shown 
in Fig. 23, which is open at one end and at the 



other terminated by a wide capillary tube, 
through which a current of dry oxygen can be 
introcfucod. This inner tube lias a diameter of 
about 14 mm., and oxygen can bo passed through 
the annular space by means of the T -tube fitting 
over the oapiuarv tube as shown in the figure. 

By means of this apparatus the supply of 
oxvgen required for vaporising and bunung the 
substaiAe can be oaiefully regulated. When 
ihe organic compound contains nitrogen, sul- 
phur, or balogeniC a large boat containing lead 
peroxide is pTaoed in tlm combustion tUM and 
heated to 300^-320^. The sulphur is absorbed 
in the form of lead sulphate, and may be esti- 
mated by extracting the lead peroxide with 
5 p.o. sodium carbonate solution, and estimating 
the sulphate in the filtrate. The estimation m 
chlorine and bromine may be similorlv effected 
Iodine is not entirely absorbed by lead peroxide^ 
and, aooordinglv, * molecular * silver must be 
employed to take up this element (Denustedt^ 
Zeitsom angew. Chem. 1005, 18, 1134 ; 19, 517 ; 
Gbem. Zeit. 1905, 29, 52; 1909, 33, 769; 
Analyst, 1905, 135; Ber. 1908, 41, 600; Ban* 
mert, Ber. 1907, 40, 3475). Walker and Blaok- 
adder recommend a furnace 60 om. long, with 
granular oopper oxide partly placed In the 
combustion tnbe and p^ly mixed with the 
weighed substance. The combustion is carried 
out in about 30 minutes, and the tube can be 
heated with Bunsen bumers on an otdinaiy 
working bench (Chem. News, 1909, 99, 4 ; e/. 
Marek J. pr/ Ch^. 1906, 73, 359). 

FleeMeal method. Is this process the 
eleotrio current is used as the source of heat, and 
platinnm as the oatalystw A Beonstedt ham 
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tube if em^ved to contain the boat z with the 
wek^ eAntanoe, and the ipiral of platinnm- 
iruunm wire 93 is wound round a porcelain or 
qnarta tube held hi position in the oombuation 
tube by a nickel tube Di^passing through the 
indiambber stopper o. Tnt coil is heated to 
redneas by the passage of the current through 


nwQP, and the aboon^on apumtui is fitted 
on to the outer end m the niokeL tnbe oi. A 
divided stream of oxygen is employed as in the 
Dennstedt process, and the time leqniied for 
complete combustion varies from 15 to 40 
minutes. 

The consumption of electrical energy in 
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this method of oarryine out combustions is 
small, amounting to about 3*6 amperes at 
54 vdts (194*4 watts) during the time when 
the highest temperature is obtained (Bretoau 
and liorona. Bull. Soo. chim. 1908, [4] 3, 15; 
cf, B. Blount, Analyst, 1005, 30, 29 ; Morse and 
Taylor, Amor. Chem. J. 1905, 33, 591 ; Morse 
and Gray, Amcr. Chem. J. 1906, 36, 451 ; 
Carrasco and Plancher, Gazz. chim. ital. 1906, 
36, 492 ; Lippmann, Chem. Zcit. 1905, 29, 487, 
174; Tucker, J. Amer. Chem. Soo. 1907, 29, 
1442). 

Nlirogan. This element is determined in 
the form of ammonia (Will and Varrenirapp, 
RuflSe, Kjeldahl), or in the form of nitrogen gas, 
which is oolloot^ and measured, the weight 
being calculated from the volume (Dumas, Max* 
well Simpson). 

A. WiU and Varrenirapp'a method. The sub* 
stance is heated with soda-lime and the nitrogen 
is evolved as ammonia, which is absorbed in 
hydrochloric acid and precipitated as ammo- 
nium platiniohloride or estimated volumotri- 
cally. This method is not applicable to azo-, 
diazo-, nitro-, and nitroso- derivatives, and to 
certain albuminoid substances. 

Soda-lime is prepared by slaking 2 parts of 
good quicklime with a strong solution of 1 part 
of Bomum hydroxide free from nitrates or sul- 
phates. The mixture is driod4>y heating in an 
iron vessel, granulated, and preserved in well- 
closed bottlea A mixture of equal parts of 
calcium hydroxide and anhydrous sodium car- 
bonate may also be used. 

A glass tube about 60 cm. long and 12 mm. 
diameter, sealed at one end, is filled to a depth 
of about 5 cm. with a mixture of anhydrous 
oxalic acid and granular soda-lime, and a short 
plug of recently igjnited asbestos is inserted. 
The substance is intimately mixed with sufficient 
finely powdered soda-lime to form a layer about 
16 cm. long, and is quickly introduced into 
the tube. The mortar is rinsed with a small 
quantity of soda-lime, which is also put in the 
tube, and the latter is then filled with granular 
soda-lime to within 5 cm. from the end and a 
loose asbestos plus inserted. The tube is tapped 
to form a channel over the powdered soda-lime 
for the escape of the gases, and is placed in a 
fumaoe» which may be considerably shorter than 
that used in the estimation of hydrogen and 
oxygen. The combustion tube is attached by 
means of a perforated cork to an apparatus for 
absorbing the ammonia. This may consist of 
the bulbs originally devised by Will and Var- 


rentrapp, or of an ordinary bulb U-tube. 
Winkler has devised a combination of bulb 
and flask which is especially convenient for 
estimations by titration, since the liquid need 
not be transferred. Ordinary dilute hydro- 
chloric acid or a definite volume of standard 
acid is placed in the bulb. The tube is gradually 
heated to redness, beginning at the end near 
the U'tube, and when decomposition is com- 
plete the oxalic acid at the back is heated, and 
the ammonia in the tube is driven out by 
the current of carbonic oxide and carbon 
dioxide. The excess of acid is then determined 
by standard alkali ; or the liquid is evaporated 
with platinio chloride as in an ordinary estima- 
tion of ammoni^ and the precipitate is washed 
with other containing a small quantity of alcohol, 
dried, heated in a oruoible till completely decom- 
posed, and the nitrogen calculated from the 
weight of the residual platinum. Pts=:N|. The 
nitrogen frequently forms volatile bases other 
than ammonia, and hence the platinum pre- 
cipitate cannot be weighed as such. The ratio 
of platinum to nitrogen is, however, the same in 
all oases. The precipitate is washed with ether, 
because if such bases are present, it may be 
soluble in alcohol. 

It is important that the front part of the tube - 
be heated sufficiently to secure complete decom- 
osition, but the temperature must not be too 
igb, otherwise part of the ammonia itself is 
decomposed, and the results are too low. Sub- 
stances rich in nitrogen should be mixed with 
some pure sugar in oraer to dilute the ammonia 
and prevent too rapid absorption. 

Various modifications of Will and Varren- 
trapp’s method have been introduced in order 
to make it more generally applicable, but these 
processes have been superseaed by Kjeldahl’s 
method {cf, Ruffie, Chem. Soo. Trans. 1881, 39 
87 ; Arnold, Ber. 1885, 18, 806). 

B. Dumaa* meihod. In this process the hydro- 
gen and carbon are burnt by means of cuprio 
oxide and the liberated nitrogen coUected 
and measured. A glass tube 80 cm. long, 12 to 
15 mm. diameter, sealed like a test-tube at one 
end, is filled to a length of 12-15 om. with dry 
sodium hydrogen carbonate, 4 cm. of cuprio 
oxide is added, and then an intimate mixture 
of the substanoe (0*3-0*6 gram) with cuprio 
oxide, then the ou]^o oxide used to deem the 
mortar, a layer of granular cuprio oxide, and 
finally a layer ci xeauced granulated comm or 
copper- wire gauze not less than 15 om. inlengtiu 
The tube is connected by means «f a onrk and 



ANALYSIS. 


bent tabo with an apparatus for collecting the 
nitroffen. The sodium hydrogen carbonate is 
first hqpted until all air is expelled and the 
issuing gas is completely absorbed by potash 
solution. The copper is then heated to redness, 
the heat being g^ually applied to the whole 
tube as far as uie carbonate. When combustion 
has ceased, the carlx>nate is again heated untO 
all the nitrogen has been expelled. 

The most convenient form of apparatus for 
collecting the nitrogen is that devised by H. 

Schiff (Zeitsch. anal. 
Chem. 7, 430), or a simi- 
lar form described by 
Groves (Chem. Soo. 
Trans. 1880, 37, 500). 
The former consists of a 
burette, ▲, fitted with a 
heavy foot and provided 
with a st^-cock, c, at 
the top. (^ose to the 
bottom is a tubulus, b, 
inclined at an angle of 
about 45*, and on the 
other side is another 
tubulus, d, connected by 
means of a caoutchouc 
tube previously soaked 
m paraffin with a globu- 
lar reservoir, B, w'hich is 
attached to the burette 
bv a clip, and the height 
of which is readily ad- 
justed. Mercury is 
])oured into the burette 
through the lower tubu- 
lus to a height of 2 or 
3 mm. above the lower 
. opening, and the roscr- 

Fiq. 26. voir is then filled with a 

solution of caustic pot- 
ash in its own weight of water, the lower 
tubulus being closed with a cork. The stop- 
cock is opened and the reservoir raised until the 
burette is completely filled with the alkaline 
solution. The stopcock is then closed and the 
reservoir lowered to the bottom of the burette. 
The tubulus may now be opened without the 
mercury or alkaline solution being forced out. 
When the air has been expelled from the com- 
bustion tube the end of the delivery tube is 
inserted through the tubulus and the nitrogen 
collected. At the close of the operation the 
temperature of the gas is allowed to become con- 
stant, the reservoir is raised so that the level of 
the liquid is the same as in the burette, and the 
volume of the nitrogen is read off, together with 
the temTOrature and the height of the baro- 
irrter. The weight of the nitrogen, P, is then 
calculated from the volume by means of the 
formula 

V(B-/)0 001261 
^“(l+O-OOSeWfiO’ 

where V is the observed volume, B the height 
of the barometer, / the tension of aqueous 
vapour at the temperature t, and 0*001251 the 
wei^t of 1 C.C. of nitrogen at 0* and 760 mm. 

^tterman (Zeitsch. anal. Chem. 24, 57) 
coUeots the nitrogen in an apparatus similar to 
Schiff*8, but not graduated. A bent tube of 
small diameter oomj^etely filled with water is 
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attached to the jet of the burette by means of 
caoutchouc tubing. By closing the lower 
tubulus, raising the potaw teservonr, and opening 
the stopcock, toe gas is driven over into a gradu- 
ated tute standing over water, and is measured. 
The error due to the unknown vapour tension of 
the potash solution is thus avoided, but the 
vapour tension of the water at the particular 
temperature must of course be tahen into 
account. Other forms of apparatus are de- 
scribed by Zulkow'sky (Annalen, 1876, 182, 296 ; 
Rosooe and Schorlemmefs Chemistry, 3, pt. 1, 
74) and Schwarz (Ber. 1880, 13, 771). 

G. Mcmvell Simpaon*a modification of JDumaa* 
mdluod (Chem. Soo. Trans. 1853, 6, 290 ; Annalen, 
1855, 05, 74). In order to avoid the formation 
of oarbonio oxide and nitric oxido, the substance 
I is burnt with a mixture of ouprio oxide and 
mercuric oxide. Into a tube similar to that 
used in Dumas' method is introduced about 

12 grama of manganese oarbonate or granulated 
magnesite mixed with 2 grams of precipitated 
merourio oxide, followed by a plug of osoestos. 
Another gram of merourio oxide is introduced, 
and then an intimate mixture of 0*5 gram of the 
substance with 45 parts of a previously prepared 
and thoroughly dry mixture of 4 parts of ignited 
cupric oxide and 5 parts of precipitated merourio 
oxide. The mortar and the sides of the tube are 
rinsed with a similar mixture and another as- 
bestos plug is introduced. A layer of granular 
ouprio oxide about 9 cm. in length and a layer of ^ 
not loss than 20 om. granulated copper, kept in" 
position by another asbestos plug, fill the re- 
mainder of the tube. After tlie air has been 
expelled by heating the manganese oarbonate or 
magnesite, the tube is gradually heated to red- 
ness, beginning from tne front. The metallic 
copper not only decomposes nitrogen oxides, but 
also absorbs the excess of oxygen. The gas is 
collected as in Dumas’ method, the magnesite 
or manganese oarbonate providing the carbon 
dioxide. 

Certain organic compounds {e,g. hydroaroma- 
tio series), when analysed for nitrogen, evolve a 
portion of their carbon as methane, which, being 
burnt only imperfectly, adds to the volume of 
the nitrogen. In these cases lead chromate is 
recommended as the oxidising agent, or the 
substance may be mixed with cuprous chloride 
and copper oxide (Haas, Chem. Soo. Proc. 1906, 
22, 81). 

Various modifications of Dumas’ process havo 
been proposed. Thudichum and Wanklyn use a 
mixture 5 parts of normal sodium oarbonate and 

13 parts of fused potassium bichromate in place 
of sodium hydrogen oarbonate. Groves (f.c.), 
with a view to uamg the same tube repeat^y, 
places the mixture of oarbonate and bichromate 
m a small tube connected with the combustion 
tube by an indiarubber joint. The portion 
of the cupric oxide mixed with the substance is 
separatea from the layer remaining always in the 
tube by means of a tight plug o? asbestos and 
copper gauze, the latter keeping a free ptfwage 
for the gas. 

The combustion tube may be open at both 
ends, the rear being connected with an apparatus 
for generating carbon dioxide, but special pre- 
oanuons must be taken to obtain this gas free 
from air (s. Warington, Chem. Soc. Trans. 1882, 
41, 340). 




200 


ANALYSIS. 


The oarbon dioxide required for thie modifica- 
tion of Dumae* process may be generated in a 
Kipp’s apparatus by the action of hydrochlonc 
ao(d on marble or oalcite. These minerals 
should, however, be boiled with water before 
being used, in order to free them from air. _ The 
dioxide may also be generated by dropping a 
concentrated solution of potassium carbonate 
(sp.gr. rC) into a mixture of water and con- 
centrated sulphuric acid. ^ A convenient ap- 
paratus in which to effect this operation is shown 
in the accompanying figure (Young and Gaud- 



well, J. Soc. Chem. Ind. 1907, 20, 184). The 
carbonate solution flows from the dropping 
funnel into the mercury trap and out into the 
Woulff’s bottle through the small hole a. The 
rate of evolution is regulated by the exit tap, 
and « is a safety tube. 

In both Dumas* method and Simpson's 
modification the combustion tube may bo drawn 
out at the front end and connected with a 
Sprongol mercury pump by glass tubing joined 
by short pieces of caoutchouc tubing, the joints 
being surrounded by short wirio tubes filled 
with water or glycerol. A bulb is blown on the 



horisontal of the glass tube at the end near 
the combustion tube, and this bulb is kept cool 
during the oi)eration, and serves to condense the 
water which is formed. The combustion tube is 
made vacuous, and when no more air issues 
from the end of the pump, the combustion is 
conducted in the ordinary way, the gas which is 
evolved being pumped out by the Sprengel pump 
and collected in a suitable tul^. No magnetite 


need be used. The ooppw oxide keeps the ex- 
hausted tube from ooUapeing when heated. 

In many oases, especially with nitro- deriva- 
tives, the gas generated in the exhausted tube 
is a mixture of nitrogen with nitric oxide, the 
latter being sometimes present in considerable 
quantity. It is advisable, therefore, to de- 
compose the nitric oxide by using either a 
layer of reduced copper or a long plug of silver 
gauze placed between the copper oxide and the 
exit, and by keeping this material heated 
throughout the oomoustion. 

Liquids in which nitrogen is to be determined 
may be enclosed in bulbs which are dropped into 
the combustion tubes as in the determination of 
hydrogen and oxygen. 

The copper oxide used in nitrogen deter- 
minations snould be prepared by heating metallic 
copper in air and never by ignition of the nitrate, 
since in the latter case it is apt to contain basic 
nitrates which evolve nitrogen on heating. 

The copper used in nitrogen determinations, 
&c., should not be reduced in hydrogen, since it 
is liable to occlude this gas. It may be reduced 
in the mixture of carbon monoxide and carbon 
dioxide obtained by heating oxalic acid with 
strong sulphuric aoid. Plu^s of copper gauze 
may also be reduced by heating them to redness 
and dropping them into a test-tube containing a 
few drops of formic aoid or methyl alcohol. The 
reduced copper is oarefully dried at 100^-110°. 

When no carbonate is used and the gas is 
simply pumped out of the tube and collected 
over mercury, it consists of a mixture of car- 
bon dioxide and nitrogen. If the former is 
estimated by absorption with caustic potash, a 
determination oi the carbon may be combined 
with that of nitrogen. 

Jannasch and Meyer have described a method 
for the simultaneous estimation of carbon,*hydro- 

? en, and nitrogen (Ber 1886, 19, 949 ; Annalen, 
886, 233, 376 ; Zoitsoh anal. Chem. 1887, 26, 
86; c/. Bull Soo. ohim. 1906, 33, 961). 

D. KjeldMU method (Zeitsch. anal. C!hem. 
1883, 22, 366) The substance is heated with 
oonoontrated sulphurio aoid to a temperature 
approaching the ooiling-point of the latter, and 
wnen decomposition is complete, an excess of 
solid potassium permanganate is added. The 
nitrogen is thus converted into ammonium 
sulphate, which is then distilled with excess of 
alkali and the ammonia oolleoted and estimated. 
This method is economical, requires no com- 
bustion furnace or special apparatus, is rapid, 
and requires comparatively little attention, so 
that a large numoer of determinations can be 
carried on at the same time. The substance need 
not be in a very fine state of division, and the 
method is especially suitable for liquid and pasty 
substances such as extracts. 

It is important that the sulphurio aoid em- 
ployed for these determinations should be pro- 
tected from ammonia, and the caustic soda solu- 
tion should be well boiled in order to expel any 
ammonia which it may contain. The purity of 
the reagents is best ascertained by making an 
experiment with pure sugar. If a fmall quantity 
of ammonia is nresmit, we same quantity of the 
reagents should be used in each experiment, and 
a correction made for the ammonia which they 
contain. 

Inorder toprevent bampingduringdistiaatioa 
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ft tniftll piece of zinc mfty be plftoed in the in the Oftse oi subBtftnoes rich in fat. They 
WmIc, bnt it is essential thftt the sMft should be regard the use of phosphorio oxide as unneces- 
free from nitrates and nitrites, which would be sarv, and the use of fuming sulphuric acid as 
reduced and yid.d ammonia. undesirable on account of its liability to contain 

The time required for the operation may be nitrogen oxides, 
considerably shortened by using sulphuric acid J^bauer (Chem. Zentr. [3] 17, 433) uses 
containing sulphuric anhydride or phosphorio phenolsulpbonio acid in place of benzoic aoid^ 
anhy^de. and reduces with zinc dust. He thus obtains 

lie method as thus carried out is implioable good results oven with nitrates. Beitmair and 
to all substances which can be analjrsedf by Will Stutzer (Rep. Anal. Chem. 7, 4) find that the 
and Varrentrapp’s process, and to many others, nitrate must be somewhat finely divided | O'fi 
Heffter, Hollrung, and Morgen (Zoitsoh. f. to 1*0 gram of the substance is mixed with 
Chem. 8, 432) treat 1*0->1*5 grams of substance 60 o.c. of sulphuric acid containing 20 grama of 
with 20 0 . 0 . of a mixture of 4 vols. ordinary phenol per litre, allowed to stand for a short 
sulphuric acid and 1 voL of fuming acid, and time with occasional agitation, mixed with 2-3 
2 grams of phosphorus pentoxide. Kreusler grams of dry zinc powder and 1 or 2 drops of 
(Zeitsoh. anal. Chem. 1880, 24, 463) uses sul- metallio mercury, and heated in the usual way. 
phurio acid containing 200 grams of phosphorus Conversion into ammonium sulphate requires 
pentoxide per litre. one and a half hours. 

Wilfarth (Chem. Zentr. fS] 16, 17, 113) finds A most important improvement in the 
that the oxidation of the organic matter Kjeldahl process due to Gunning (Zoitsoh. anal, 
takes place much more rapidly in presence of Chem. 28, 188), consists in the addition of 
certain metallic oxides. Mercuric oxide is the potassium sulphate to the concentrated sul- 
most efficient, but cupric oxide answers almost phurio acid. The solution of potassium hydro- 
equally well. The former produces merouri- gen sulphate in concentratea sulpliuric acid 
ammonium derivatives, which are not readily ^ils at a temperature considerably above the 
decomposed by caustic soda, and hence the boiling-point of the strong acid and the oxidation 
alkaline liquid must bo mixed with some potas- of the organic matter is thereby greatly faoili- 
sium sulphide to decompose the mercury com- tated. Various oxidising and catalytic agents 
pounds The mercuric sulphide formed makes may be employed in conjunction with this 
the liquid boil regularly without the addition mixture, ana the following are among the 
of zino. Ulsoh recommends the use of ferrous many which have been suggested in addi- 
Bulphate instead of potassium sulphide ; it may tion to those already mentioned: platinio 
be added before the caustic soda. chloride, ferrio ohlorido, manganese dioxide, 

Warington (Chem. Nows, 1886, 62, 162) magnesia, and sodium phosphate. The use of 
removes nitrites and nitrates by boiling with TOtassium permanganate has now been aban- 
ferrous sulphate and hydroohlorio acid. doned, and, in the case of refractory substances. 

With a view to secure the reduction of nitro- oxidation is now generally induced by tlie 
derivatives, Ac., and thus make the process catalytic action of mercury or its oxido. 'i'ho 
generally applicable, Asboth (Chem. Zentr. [3] following process is desoribed by Dyer (Chem. 
17, 161) mixes 0*6 gram of the substance with Soo. Trans. 1896, 67, 811). The substance 
1 gnm of pure sugar in the case of readily (0*6-6 grams) is introduced into a round- 
oxidisable compounds, and with 2 grams of bottomed Jena flask, and heated gently with 
benzoic acid in the case of nitrates and similar 20 ao. of concentrated sulphuric acid containing 
derivatives. Most probably the benzoic acid a small globulo of mercury. After the initial 
first forms nitro- derivatives, which are after- action has subsided, the temperature is raised to 
wards reduced. He adds Rochelle salt with the boiling, and in 15 minutes 10 grams of potassium 
oaustio soda in order to prevent precipitation of sulphate are added, and the boiling continued 
manganese, Ao., and thjis avoids bumping till the solution is clear and colourless. The 
during distillation. With these modifications flask is closed with a loosely fitting bulb stopper, 
the method is applicable to all nitrogen com- from the internal projection of which the con- 
pounds except those of the pyridine and quino- densed sulphurio acid drops back into the flask, 
tine series. E. Arnold (»6. p. 337) uses 0*6 gram There is, therefore, little loss of acid except 
of anhydrous cuprio sulp^te and 1 gram of through reduction to sulphurous aoid. The pro- 
metallio mercury in place of the oxides as duct Is rinsed into a capacious Jena distilling 
recommended by Wilfarth, and heats 1 gram of flask, rendered stronffly alkaline with sodium 
the substance with these and 20 c.o of smphurio hydroxide, with the aamtion of a small quantity 
acid containing 20-26 p.o. of phosphorio of sodium sulphide, and the liquid distilled in 
oxide. a current of steam, the ammonia being collected 

C. Arnold (Arch. Pharm. [3] 24, 786) confirms and estimated in the usual way. 

Aaboth’s statements, but fiuoB that in addition to When nitrates are present, Jodlbauer’s 
pyridine and quinoline compounds, azo- deriva- modification is employed, out the phenol may 
tivee and nitrites yield unsatisfactory results, conveniently be replaced by saaoylio acid. 
He heats 0*6 gram of substance with 0*6 gram When the solution of this substance in conoen- 
of anhydrous cupric sulphate, 1 gram of metallio trated sulphurio acid is poured quickly on to 
mercury, 2 mms of phosphorio oxide, 1 gram the weight material, the loss due to the forma- 
of sugar, ana ih oase of nitrates, Ao., 2 grams of tion of lower oxides of nitrogen is avoided, and 
benzoio aoi^ and 20 o.o. of sulphurio acid. satisfactory results are obtained even when 
Reitmair and Stutzer (Rep. AnaL Oiem. 5, ammonium nitrate is present. This ciroum- 
23^; Zeitsoh. anaL Chem. 1886, 25, 682) use stance is of great importanoe in connection with 
about 0*7 gram of mercuric oxide and 20 c.o of the analysis of compound fertilisers containing 
sulphurio acid, with a small fragment of paraffin both ammonium sSlte and alkali nitrates. Then 
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sine end meroniT are added while the solution 
is still cold, ana the former metal allowed to 
dissolve before the mixture is heated. Other 
reducing agents, such as sugar and sodium 
thiosulj^te, may be used cither alone or in 
conjunction with xino. By the aid of this 
mooified process satisfactory results are obtained 
in the analysis of organic nitro-,azo-,and hydrazo- 
derivatives. It has not been found possible to 
obtain correct estimations of nitrogen in sodium 
nitroprusside, phenylhydrazine and its derive* 
tives, and in mixtures containing large propor- 
tions of chlorides and nitrates (c/. J. Amer. 
Ohem. 800. 17, 567 : Analyst, 1906, 314 ; Ber. 
1906, 38, 559 ; Chem. 800. Pr^. 1901, 26, 351 ; 
1903, 27. 988). 

The literature of nitrogen determinations is 
extremely voluminous. Summaries of contribu- 
tions to this Bubjeet will be found in Zeitsch. 
anal. Chem. 1884, 23, 651 ; 24, 439 ; 25, 424 and 
571 ; 26, 249; and Chem. News, 1888, 57, 62, 
et $tq. In addition to the references already 
given, papers relating to Kjeldahrs process may 
M found in Zeitsch. anal. Chern. 24, 199, 388, 
and 393 ; 25, 149 and 165 ; 20, 92 ; 27, 222 and 
898. 

Chlorine, bromine, and Iodine. 

By lifM. A tube about 40 cm. long and 
7 mm. diameter, sealed at one end like a test- 
tube, is Oiled to a depth of 6 cm. with pure 
granulated quicklime. The substance is weighed 
into the turn and mixed with finely powdered 
lime by means of a copper wire twiste<i at the end 
like a corkscrew. The wire and tube arc rinsed 
with lime, the tube is filled to within 5 cm. of 
the open end with granulated time. The tube 
is gradually heated to redness from the ’front. 
When cold the contents of the tube are dissolved 
in water slightly acidified with nitric acid, 
81tcro<l, and the halogen precipitated by silver 
nitrate. 

in the ease of iodine the substance is dissolved 
in water, filtered, mixed with silver nitrate, and 
finally acidified, in order to avoid liberation of 
iodine. A further precaution consists in adding 
a little sodium sulphite before each addition or 
nitric acid. 

When the substance contains nitrogen, evan- 
ides may be formed ; but this is avoided by 
using pure soda-lime in place of lime. If the 
lime contains sulphates, some sulphide is liable 
to bo produced. (On the preparation of pure 
lime, 8tt Zeit&ob. anal. Chem. 4, 51 and 15, 5.) 

Liquids are contained in small bulbs with 
capillary omninjEs, whioh are dropped into 
the tubie before mling up with lime. The tube 
must be very gradu^y heated, and should be 
longer than usual. 

Cariu»*8 mtthod (Annalcn, 1860, 116, 1 ; 1866, 
136, 129 ; Bor. 1870, 3, 607). The substance 
is oxidised by heating with nitrio acid in sealed 
tubes in presence of silver nitrate. In many 
oases acid of sp.gr. 1*2 and a temperature of 
120*-200* wUl suiOSce; but substances which 
are more difficult to oxidise require acid of 
sp.gr. 1*42, mixed in special oases with some 
potassium diohromate, or the fuming acid of 
•p.gr« 1*5 may be used. If necessary the tubes 
may be heatra as high as 300”. The quantity 
of aoid used should not be more than twioe 
that theoretioallv required for complete oxida- 
tion, *and the tube must not oontain more than 


4jgrains of mtric acid for each 60c.o. of its volume. 
IT the operation is prolonged, it is desirable to 
reduce tne pressure in the tube by opening it 
from time to time by heating the capulary end 
of the previously cooled tuTO in a flame until 
it softens, when the gas forces its way out. 

The weighed substance is enclosed in a 
narrow tube of thin glass of such length that 
its mouth projects above the nitrio acid in the 
tu1)e, and the acid does not come in contact 
with the substance until the tube is sealed. 
The tubes used should be about 15 mnu in 
diameter and 1*5-2 mm. thick in the glass. 
After introduction of the substance they are 
drawn out to a capillary tube with thick walls, 
which is then sealed. The sealed tubes are 
heated in a pressure tube furnace tilted at one 
end so that the capillary ends of the tubes do 
not come into contact with the liquid. After 
being heated, the tubes should on no account 
be removed from the protecting iron or steel 
tube until they have been opened. For this 
purpose the tul^ are held in position by means 
of a cork collar through which the capillaiy 
ends project out of the furnace. The capillary 
end is first gently warmed to volatilise any con- 
densed aoiu, and then heated more strongly 
until the gases under pressure blow a hole 
through the softened tip of the sealed capillary. 
In this operation the pressure of the imprisoned 
gases is -very great, and it is extremely dangerous 
to attempt to open the tube with a file. The 
tube furnace should only be used for this pur- 
pose within a w'ell-protectcd enclosure (Fig. 28), 
BO as to minimise Dio personal risks arising from 
explosions of the heated tubes. 



Fxo. 28. 


The silver salt formed is rinsed out of the 
opened tube and treated in the usual wa^. 

For the estimation of iodine in organic 00m- 
TOunds this method is to be preferred to the 
lime process, but as the silver nitrate and silver 
iodide frequently form a fused yellow mass, 
the mixture must be extracted thoroughly with 
hot water in order to remove the former salt. 
The silver halide obtained by the Corius method 
is collected in a tared Gooch crucible, washed 
successively with water and alcohol, dried at 
100”, and weighed. ^ 

8ttpanow*8 fndhod. The subilance is boiled 
with alcohol (20-40 0.0.) and sodium is added 
at such a rate that a vigorous reaction is main- 
tained. A laige excess ctf the metal is essential 

Xa+2Na-bCJff»*OHwiXH+Naa+C,H,ONa. 
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Whon all the aodiam hea djaaolved* 20-40 o.o. of 
water are added, and the aloohol removed by 
diatUlation. Hie aqueous sdlotion is acidified 
with nitric acid, and the halogen estimated 
gravlmetrioally, or volumetrically by Volhard’s 
method (Ber. 1906, 89, 4066; of, Bacon, J. 
Amer. Ghem, Soo. 1909, 31, 49). By using the 
latter method and weighi^ the mixed silver 
halides, the two halogens can be estimated 
indirectly in the same compound. 

Fr%ng»heinC 9 method consists in burning the 
organic substance with sodium peroxide. Com- 
pounds containing more than 76 i>.o. of carbon 
are mixed with 18 parts of this oxidising agent, 
and those with 60-76 p.o. of carbon with 16 
parts. Substances containing less than 26 p.o. 
of carbon are mixed with sugar or naphthalene, 
and treated with 16-18 parte of the peroxide. 
The mixture is placed in a steel crucible sur- 
rounded bv water and having a perforated lid 
through wniob a glowing iron wire is thrust to 
cause ignition. Ine prrauot is extracted with 
water, acidified with nitric acid, and the halogen 
estimated in the usual way (Ber. 1903, 36, 42M ; 
1904,37,324; 1906,38,2469; Amer. Chem. J. 
1904, 31, 386; tf. Moir, Chem. Soo. Proo. 1907, 
23, 233 ; Baubigny, Bull. Soo. ohim. 1908, (iv.) 
3, 630). 

Sulphur and phosphorus. 

Non-voiatile substances. Pure caustic potash 
is fused in a silver dish with about one-sixth its 
weight of potassium nitrate and a little water. 
When cold the substance is weighed into the 
dish, which is again heated, the substance being 
mixed with the alkali b^ means of a silver 
spatula. When oxidation is complete, the mass 
is allowed to cool, and is then dissolved in water 
acidified uith hydrochloric acid, and the sul- 
phuric or phosphoric acid estimated in the usual 
way. 

Carius's method is carried out exactly as in 
the estimation of the halogens. Sulphur is 
oxidised to sulphuric acid and phosphorus to 
phosphoric acid. It is advisable to remove the 
greater part of the nitric acid before precipita- 
ting barium sulphate or magnesium ammonium 
phosphate. 

Another method applicable to volatile and 
non-volatile substances is as follows: — Into a 
combustion tube 40 cm. long, sealed at one end, 
is introduced 2-3 grams of pure mercuric oxide, 
then a mixture of the substance with equal pro- 
portions of mercuric oxide and pure anhydrous 
sodium carbonate, and the remainder of the 
tube is filled with sodium carbonate mixed with 
a small quantity of mercuric oxide. The open 
end of the tube is closed by a cork carrying a 
glass tube dipping under water, in which the 
mercuiy is condensed. The tube is carofuUy 
heated so that the front layer of sodium car- 
bonate is red hot before the substance begins to 
volatilise. The substance is then rapidly heated, 
so that decomposition is complete m about 
fifteen minutes, and finally the mercuric oxide 
at the rear end of the tube is heated until 
oxygen issues from the end of the delivery- 
tube (Russellf Chem. Soo. Trans. 1864, 7, 212 ; 
J. pr. Chem. 1866, 64, 230). The contents of 
the cooled tube are dissolved in water, a small 
quantity of bromine water added to oxidise any 
sulphide, the solution acidified with hydroohlono 
acid, boiled to expel bromine, and the sulphuric 


acid or phosphoric acid estimated in the usual 
way. 

Many non-volatile substances may be oxi- 
dised by heating with pure concentratM caustic 
potash solution, dilutin£| with twice the volume 
of water, and tilting vnth a current of chlorine. 
After complete oxidation the solution is acidified, 
heated to ex]^ chlorine, and the sulphuric or 
phosphoric acid determined. 

^Mnlo. The estimation of this element in 
organic compounds has recently acquired in- 
creMed importance owing to the application of 
these substances in therapeutics. One of the 
earliest methods, due to La Coste and Michaelis 
(Annalen, 1880, 201, 224), consisted in mixing 
the substance with soda-lime, and heating the 
mixture in a stream of air or oxygen. The 
residue was dissolved in nitric or hydrochloric 
acid, the arsenic precipitated as sulphide, and 
afterwards converted into magnesium pyro- 
arsenate. MonthouM recommends destroying 
the organic matter with nitric acid containing 
magnesium nitrate, whon a final ignition leads 
to the formation of magnesium arsenate (Ann. 
Chim. anal. 1904, 9, 308). 

Pringsheim oxidises the organic arsenic 
derivative with sodium peroxide, and estimates 
the arsenic as magnesium pyroarsenate (Air.cr. 
Chem. J., 1904, 31, 386). 

The following procedure has been shown 
to be applicable to the organic arsenical 
drugs now on the market. The substance 
(0*2-0‘3 gram) is mixed with 10-16 grams 
of sodium peroxide and sodium carbonate in 
equal poportions, the mixture heated gently 
in a nickel crucible for 16 minutes, and the 
temperature then raised to dull redness for 
6 mmutes. The product is extracted with water, 
26-31 c.c. of sulphuric acid (1 : 1) added, and 
the solution concentrated to 100 o.o.,wheD 1 
of potassium iodide is added and the liquid 
boil^ down to 40 o.o. After destroying any 
trace of iodine with a few drops of sulphurous 
acid, the solution is diluted considerably with 
hot water, and the arsenic precipitated as sul- 
phide. The precipitate, after wasmng three times 
with hot water, is dissolved ^vith 20 o.o. of 
^/2-Bodium hydroxide, and the filtered solution 
treated with 30 o.c. of hydrogen peroxide (20 
vols.), the excess of this reiwent being destroyed 
by heating on the water-bath. A few drops 
of phenolphthalein are added followed sucoes- 
sivriy by 11 o.o. of sulphuric acid (1 : 1) and one 
gram of potassium Wide; the solution is 
evaporatea down to 40 o.c. and the pale-yellow 
colour removed by sulphurous acid. Cold water 
is then added, and theduluted solution neutralised 
with 2i\^-sodium hydroxide, and just acidified 
with sulphuric acid. The arsenito solution is 
now titrated with standard iodine solution and 
starch in the presence of sodium hydrogen 
carbonate or sooium phosphate (Little, Cahen, 
and Morgan, Chem. S<M. Trans. 1909, 96, 1477). 

Antimony. When present in organic com- 
pounds, this element may be estimate by acidi- 
fying the product of the sodium peroxide fusion 
(v. Arsenic, supra), and precipitati^ as sulphide, 
this precipitate being collected, washed, and 
weighed in the manner indicated under Chravi- 
metric determinations, 

OxygiD. No satisfactory method hap yet 
been devised for the direct determination of this 
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element, and it is usually estimated by difference 
(v. r. Baumhaucr, Annalen, 90, 228; Zeitsoh. 
anal. Chem. 8, 141 ; Stromeyer, Annalen, 117, 
217 ; Miteoherlioh, Zoitsoh. anal. Ohom. 6, 136; 
7, 272; 13, 74, and 16, 371; Ladenburg, 
Annalen, 136, 1 ; Maumen4, Compt. rend. 56, 
432 : and Cretin, Zeitsoh. anal. Chem. 13, 1). 
Proilmite analysb of carbon compounds. 

The methods to be adopted for the separation 
of the constituents of any particular mixture 
will depend entirely upon the nature of the 
mixture. It is only possible to describe the 
general methods which are found to be most 
useful in organic analysis. To a certain limited 
extent these operations are applicable to the 
proximate analysis of complex inorganic mix- 
tures. 

Fractional distillation is available for the 
separation of liquids which differ considerably 
in their boiling ^ints (v. Distillation). 

Distillation in a current of steam is fre- 
quently employed as a method of proximate 
analysis. In this way volatile organic acids 
can be separated from volatile bases by steam- 
distilling the mixture in the presence of mineral 
acids. On the other hand, volatile bases are 
separated from organic acids by distilling 
in steam the mixture of these substances 
rendered alkaline by sodium or potassium 
hydroxide. 

Fractional precipitation may bo employed 
for the serration of subBtances, some of which 
are precipitated by a given reagent, whilst the 
others are not; or for the separation of sub- 
sUnces which differ in the order of their preci- 
pitation. If, for example, silver nitrate is added 
in suooossivo small quantities to a solution con- 
taining an iodide, bromide, and chloride, the 
first portion of the precipitate contains the 
greater part of the ioamo ; the middle portion 
contains the greater part of the bromine ; and 
the last portion the greater part of the chlorine. 
In a similar manner organic acids can, not un- 
freauently, be separated by taking advantage 
of differences in tne order of their precipitation 
by silver nitrate or lead acetate. In those oases 
the separated precipitates can be suspended in 
water and decomposed by hydrogen sulphide, 
when the acids are again liberated. 

Fractional crystallisation may be adopted in 
the case of substances which differ in their solu- 
bility in one and the same solvent. The solution 
is concentrated somewhat, and the crystals which 
separate are removed ; the mother liquor is still 
further concentrated, and the second crop of 
crystals is removed, this process being repeated 
as often as the case demands. The least soluble 
compound is mainly in the first crop of crystals ; 
the most soluble is in the last mother liquor. 

Fractional saturation is an analogous pro- 
cess, but is of more limited application. It was 
employed by Liebig for the separation of volatile 
organic ados. The mixture of acids is mixed with 
a quantity of caustic soda or potash insufficient 
for complete saturation, and is then distilled. 
The acids of higher molecular weight are first 
neutralised and converted into salts, which of 
course remain in the retort, whilst the acids 
of lower molecular weight are found in the free 
state in the distillate. Anything like complete 
separation is only to be obtained by many repe- 
titions of this process. 


Fractional solution.--Thn most useful and 
most generally applicable method of proximate 
aiialy& is haaed upon the different solubilities 
of various substances in different menstrua. 
Hie mixture is treated successively with various 
solvents, each of which dissolves some of the 
constituents, but leaves the others undissolved. 
Advantage may also be taken of the fact that the 
solubilities are in many oases modified by a rise 
of temperature. Further, if two substances differ 
considerably in their solubility in one and the 
same liquid, they may be separated by treatment 
with successive small quantities of the liquid, 
which removes the more soluble compound but 
leaves the ^ater part of the other undissolved. 
The foUowmg| is a list of the solvents oonfmonly 
employed, vHth indications as to their general 
properties : — 

Water dissolves many salts and acids ; in- 
organic and organic alkalis and thoir salts; 

I carbohydrates, gums, certain alcohols, poly- 
hydrio phenols, and other highly oxidisra 
I carbon compounds which are not readily solu- 
ble in alcohol, ether, &o. On the other hand, it 
I does not dissolve the carbonates, phosphates, 

I oxalates, and certain other salts of the heavier 
metals. Ve^ many organic substances are in- 
soluble in this liquia It decomposes the halogen 
compounds of the acid radicles and certain other 
compounds, and converts many normal metallic 
salts into basic salts, part of the acid passing into 
solution in the free state. 

Dilute acids will dissolve many salts, and 
also some organic substances which are insoluble 
in water. 

Alcohol dissolves many salts, caustic alkalis, 
hydrocarbons, fatty acids, resins, and a very 
largo number of carbon compounds. It reacts 
witn many haloid substitution derivatives, and 
hence is not a suitable solvent for this class of 
couipounds. 

Ether dissolves a few salts, and is an excel- 
lent solvent for hydrocarbons, fats, rosins, alka- 
loids, and almost all organic compounds which 
are insoluble in water. It reacts with very few 
substances, and boils at a low temperature, so 
that it oan readily be distilled off and the dis- 
solved substance recovered. 

Benzene dissolves iodine, sulphur, phos- 
phorus, oils, fats, wax, camphor, resins, caout- 
chouc, ^tta-percha, &o., and is especially useful 
as a solvent for haloid derivatives, on which it 
has no action. In certain instances this hydro- 
carbon may be replaced by its homologues, 
toluene, and the xylenes. 

Carbon disulphide shares with ether the 
advantage of being readily volatile. It should 
always w purified from dissolved sulphur before 
being used. The best plan is to mix it with a 
smaU quantity of white wax, and then distil off 
the disulphide on a water-bath. It dissolves 
sulphur, phosphorus, iodine, fats, essential oils, 
resins, caoutchouc, &o. ; but its solvent powers 
are comparatively limit^, find almost all salts 
and very many carbon compounds ore insoluble 
in it. 

Light petroleum consists of the^ore volatile 
hydrowTOUs of the paraffin series. It occurs 
in commerce in several varieties under different 
names/ Petroleum ether boils at 60*-60^ ; petro- 
leum benzene, at 70^-90* ; ligrotn, at 90*-i20*. 
They are excellent solvents for oils and fata» but 
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dissolTe very few other compounds. Three 
mdes of light petroleum are now obtainable 
for use as solvents, boiling respeotivelyat 
e0®-«0* and 80*-100* 

Chloroform readily dissolves oils, fats, and 
similar substances, and is especially useful as a 
solvent for alkaloids. 

The chloro- derivatives of ethane and 
ethylene have been introduced as useful non- 
inflammable solvents for oils, fats, or resins; 
these liquids give a wide range of boiling-points 
and solvent action (KoUcr, 7ui Congress Applied 
Chemistry, 1909). A large number of other 
solvents are applied in certain special oases, and 
among those more commonly employed may be 
mentroned, ketone, ethj^l acetate, amyl alcohol, 
P3nridine, aniline, and nitrobenzene. 

The treatment of a solid with a volatile 
solvent must bo conducted in a special ap^ratus, 
especially if the liquid is to be heated. Various 
forms of apparatus have been devised for this 
purpose, but there is none more efficient than 
that of Soxhlot (Dini^l. poly. J. 232, 461). It 
consists of a short wide test tube (x), open at 
the top but closed at the bottom, to which is 
sealed a narrower tube (n) which can be fitted 
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into a small weighed flask by means of a cork. 
Communication between the two tubes is made by 
means of (1) a narrow side tube (s) which opens 
into the bottom of the wider upper tube, forms 
a siphon, and descends tlirough the lower tube 
nearly to the bottom of the flask ; and (2) a 
wider side tube (f) which enters the upper tube 
near the top and the lower tube near the Junction 
(Fig. 29). A weighed quantity of the substance 
to be treated is placed in a cylinder of filter 
paper open at the top, and introduced into the 
upper tube, or the bottom of the tube is packed 
with purified cotton wool, and the substance is 
placed upon this. A quantity of the solvent 
rather more than sufficient to ^ the upjper tube 
to the level of the bend in the siphon, is placed 
in the flask and heated to boiling by means 
of a water- bath. The upper tube is attached 
to a reflux condenser, oare beii^ taken that the 
condensed liquid falls directW into the cylinder 
containing the substance. The vstout passes 
up the wme side tube, is condensed, falls upon 
the substance, and filters through the paper or 
cotton wool. As soon as the liquid rises to the 


bend of the siphon, the latter draws off the clear 
solution into the flask, and the liquid is again 
volatilised whilst the dissolved matter remains 
in the flask. The process goes on automaticidly, 
and the substance can be extracted many times 
with a small quantity of liquid. When extrac- 
tion is complete, the flask is connected with an 
ordinary condenser, the liquid is distilled off, 
and the residue dried and weighed if necessary. 

A convenient apparatus for treatment with 
solvents in dishes has been described by A. W. 
Blyth (Chem. Soo. I'rans. 1880, 37, 140). 

In many cases substances in solution can be 
removed and separated by agitating the liquid 
with some non-misoible solvent. The alkaloids 
and many amines can be removed from aqueous 
solutions by means of ether, whilst metallic salts 
are left ; fatty substances can be removed from 
liquids by moans of light petroleum, and so on. 
Extractions of this kind are best made in a 
separator consisting of a somewhat wide tube 
contracted at one end, which is fitted with a cork 
or stopper, whilst the other end is drawn out 
into a narrow tube provided either with a stop- 
cock or an indiarubber tube and a pinch-cock 
(Fig. 30). The liquid and the solvent can be 
completely mixed oy agitation, and after they 
have separated the lower layer can be drawn 
off. If it is required to remove the supernatant 
liquid in this or any similar case, a somewhat 
narrow tube is bent twice at right angles, and 
one limb is fitted by means of a cork into a dis- 
tilling or other flask, which is connected with 
an aspirator, whilst the other limb of the tube 
is placed in the lic^uid. When the aspirator is 
set in actioki, the liquid is drawn over into the 
flask, from which it can be distilled. With care 
a very accurate separation can be made, and 
the tube is readilv rinsed by drawing some of 
the fresh solvent through it. This method mapr 
be rendered approximately quantitative by cali- 
brating the above cylindrical separator (Fi|f. 30). 

The microscope is of the greatest service in 
ascertaining whether a substance is a single 
compound or a mixture, and a microsoopio 
examination of the various products obtained 
in the course of a proximate analysis affords 
valuable information as to the extent to which 
separation has been effected. 

Estimation of Radicals commonly occub- 
BING IN Organic C!ompounds. 

In this section it is only possible to indicate 
briefly a few of the most general methods b^ 
which certain typical radicals present in organxo 
compounds can be estimated. 

Hydroxyl. A known weight of the hydroxvlio 
compound is treated with excess of magnesium 
methyl iodide (Grignard’s reagent), and the 
amount of methane evolved is measured in a 
gas burette (Fig. 31). 

ROH+CHaMgI«ROMgI+OH4. 

The organic mamesium compound is dis- 
solved in d^ amyl etner or phenetole, and if the 
hydroxylio comxiound is too insoluble in either of 
these solvents, it mav be dissolved indnr pyridine. 

(Hibbert and Sudborough, Chem. 1^. Trans. 
1004, 86, 933 ; and Zerewitinoff, Ber. 1907, 40, 
2023.) 

This process has been extended to the 
estimation of sulphydzyl- (SH), imino-. and 
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Methoxyl. 

The estimation of methoxy), a radio il 
present in many naturally oocurring organic 
compounds, is generally aooomplShed by 
ZeisM*s method, which consists in heating the 
substance with concentrated hydriodic acid or 
with a mixture of this acid and acetic anhydride. 
Methyl iodide is evolved and absorbed in alco- 
holic silver nitrate, with the result that silver 
iodide is precipitated, each molecular propor- 
tion of this substance being equivalent to one 
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methozyl gtoup, Zeiscl's original apparatus 
(MoMtdL 1883, 6, 989; 1880, 7, 406) has been 
modiSed subsequently by several investigators 
Bambeiger, Monatsh. 1894, 16, 904 ; Perkin, 
Ghem Soo. Trans. 1903, 83, 1307 ; Hesse, Ber. 
1906, 39, 1142; Deoher, Ber. 1903, 36, 2896; 
Hewitt aud Moore, Ghem. Soo. Trans. 1902, 81, 
318). Of these modifications Perkin’s (Fig. 32) 
is probably the simplest ; it consists of a distil- 
ling fiask. A, with a veiy long neck (20-26 cm.) 


heated in a glycerine bath at 130^-140^, a current 
of carbon dioxide being passed through the mix- 
ture of substance and ooncentrated hydriodic 
acid. The heating is continued for one hour, 
and the temperature finally raised, so that the 
hydriodic ac.d boils gentW, but without dis- 
tilling into the side ti%e oi the distilling flask. 
The methyl iodide is collected in two flasks, b, 
containing alcoholic silver nitrate. The precipi- 
tated silver iodide is treated with nitnc acid, 
the alcohol evaporated, and the precipitate col- 
lected and weigned m the usual manner. 

Hewitt and Jones (Ghem. Soc.* Trans. 1919, 
115, 103) combine the methyl iodide with pyri- 
dine, thus obtaining the iomde in an ioi^blo 
form whereby it can be estimated volumetrically. 
The pyridine and its methioclide are diluted with 
water, acidified with nitric acid, a known amount 
of silver nitrate added, and the excess of the 
latter determined by thiocyanate according to 
Volhard’s method. 

Zeisers method and its modifications are 
applicable to the estimation of ethoxyl, but the 
results obtained are generally less accurate. 

MsthyL 

A further modification of Zeisel’s method 
renders it available for the estimation of methyl 
groups attached to nitrogen. The substance is 
heated with concentrated hydriodic acid and 
dry ammonium iodide, and the methyl iodide 
evolved dealt with in the manner indicated 
above (Herzig and H. Meyer, Ber. 1894, 37, 
319; Monatsh. 1894, 16, 613; 1895, 16, 699; 
1897, 18, 379 ; Kirpal, Ber. 1908, 41, 820). 
A 06 tyL 

It is only possible in comparatively few cases 
to determine with certainty by ultimate analysis 
the number of acetyl groups existing in organio 
compounds. For example, the mono-, di-, and 
tri- acetyl derivatives of the trihydroxy benzenes 
have approximately the same percentage oom- 
position. These and other similar acetyl deri- 
vates are hydrolysablo by standard caustic 
alkalis employed in alcoholio solutions, even 
. when they are not readily attacked in aqueous 
I solutions (Benedikt and Ulzer, Monatsh. 1887, 
i 8, 41 ; Van Romburgb, Roc. trav. ohim. 1882, 

' 1, 48 ; R. Meyer and Hartmann, Ber. 1906, 38, 
3966). Acid hydrolysis may be employed in a 
large number of oases and the volatile acetic 
aoiu distilled into standard alkali, the excess 
of which is determined by alkalimetry. Accord- 
ing to WenzeFs process, the acetyl derivative 
is first hydrolysed by moderately strong sul- 
phuric aoid (1 ; 2H|0), and the mixture treated 
with monosodium phosphate and boiled down 
to dryness; the sulpWio aoid is fixed as 
sodium sulphate, and the acetic acid is distilled 
into a known excess of standard alkali, the 
distillation being carried out under reduced 
pressure (Monatsh. 1893, 14, 478 ; 1897, 18, 669). 

The destructive action of strong eulphurio 
aoid on organio compounds may be avoided by 
the use of Uie aromatio sulphonio acids as hydro- 
lytic agents. The acetyl compound is distilled 
in steam in a 10 p.o. solution of benzenesul- 
phonic aoid or one of the naphthalenesulphonio 
acids ; the distillate, which contains ul the 
aoetio acid furnished by the hydrolysis, is titrated 
with standard barium hydraxido (Sudborougb 
and Thomas, Ghem. 8^ Trans. 1906, A, 
[1762). 


ANALYSIS. 




A. G. Perkin bT^rolyies the acetyl oojupoimd 
witbalooholio sulpimric acid, adding fresh aloohol 
from time to time. The ethyl acetate obtained 
in the distillate is then hydrolysed with a known 
amount of standard caustic alkali, and the 
excess of the latter asoertained with standard 
acid (Cbem. Soc. Trans. 1904, 8fi, 1462 ; lOOfl^ 
87, 107; 1007,91, 1230) 

Carboxyl. 

In many cases the number of carboxyl 
(COtH) groups in an organic compound can be 
determined by the analysis of its neutral salts. 
For this purpose the silyer salts are generally 
selected, as they are usually anhydrous, ana 
indicate the normal basicity of the organic acid. 
The aromatic hydroxy-carboxylic acids {e.g, 1 : 6- 
dinitro-p-hydroxybenzoic acid) take up two 
atoms of silver, one replacing the carboxylic, 
and the other the phenolic hydrogen. Some 
silver salts of organic acids are sensitive to 
light, and others are v^ery explosive. The more 
stable ones can be analysed by direct Ignition 
and weighing the residual silver. In other oases 
the organic matter must be destroyed with 
nitric acid, and the silver estimated as chloride 
in the acid liquid. 

Other metallic salts are frequently employed 
in determining the basicity of carboxylic acids, 
and it is advisable before arriving at a final 
conclusion to estimate the metals in a series of 
these compounds. 

If the molecular weight of a carboxylic acid 
is known, the basicity can often be determined 
by titration with aqueous or alcoholic sodium, 
potassium, or barium hydroxide ; the indicators 
generally employed are phenolphthalein, methyl 
orange, and lacmoid. 

Ae following indirect method has been 
recommended (P. C. Mcllhiney, Amer. Chem. J. 
1 894, 16, 408) for the estimation of carboxyl 
groups. The substance (1 gram) is dissolve 
m excess of alcoholic potash, the alcohol being 
at least 93 p.o. The solution is saturated with 
carbon dioxide until the excess of alkali is 
precipitated as carbonate or bicarbonate. The 

n itate is collected and washed with aloohol, 
trate is distilled to remove the solvent, 
and the residue containing the potassium salt 
of the organic acid is distilled with 10 p.o. 
aqueous ammonium chloride, the ammonia 
evolved being estimated in the usual way. 
Each moleoumr proportion of ammonia corre- 
sponds with one carboxyl group. This method 
is applicable to the weaker fatty acids. 


Carboxyl can be cetiroated by a method 
based on the following reaotlon : — 
6R*C0,H+6KI+KI0,»=6R*C0,K4 3I,-f3H,0 
The weighed substance is digest^ for 12 hours 
with an aqueous solution of pure potassium 
iodide and iodato in a stoppers vem. The 
mixture containing the liberated iodine is 
rinsed unto the generating vessel of a gas 
volumeter and treated with alkaline hydrogen 
peroxide, when the oxygen evolved 

I,.f2K0H-fH,0,«2KI-f-2H,0+0, 
is a measure of the carboxyl groups originally 
present (6CO,H = 30,) (Baumann-Kux, i&itsoh. 
anal. Chem. 1893, 32, 129 ; Annalen, 1904, 836, 
4; c/. Groger, Zeitsoh. angew. Chem. 1890, 3, 
353, 385). It should be noticed that acidic 
substances not containing carboxyl groups {e.g, 
picric acid) liberate iodine from the lodide- 
lodate mixture. 

Carbonyl. 

The carbonyl group, whether present in 
aldehydes R’CO’H or ketones R*CO^', can be 
detected by means of the following colour- 
reaction. An a(|ueous or alcoholic solution 
of the substance is treated with a 0*5 to 1 p.o. 
solution of the hydrochloride of an aromatic 
meta-diamine (meta-phonylenediamine or its 
homole^ues), when in a few minutes an intense 
green nuoresoenoe is developed, which attains 
Its maximum intensity after two hours. All 
aldehydes give this reaction, but the mixed 
ketones ana ketonio acids do not (Windisoh. 
Zcitsch. anal. Chem. 1888, 27, 514). 

Practically all aldehydes restore the colour 
to the following solution (Schifi’s reagent). A 
litre of 0*10 p.o. magenta solution is decolourised 
by adding 20 c.c. of sodium bisulphite solution 
(30^B^.) followed after one hour by 10 o.o. of 
concentrated hydrochloric acid. (For the ex- 
ceptions, c/. Bitt6, Zeitsoh. anaL Chem. 1897, 
36, 375.) The reaction has also been utilised 
quantitatively (McKay Chase, J. Amer. Chem. 
^ 0 . 1900, 28, 1472; Schimmel A Go., Ber. 
1907, 123). 

Phenylhydrazine condenses with aldehydes 
and ketones, yielding phonylhydrazones. When 
the mixture is treat^ with Fehling's solution 
(70 grams CuSO|,5H^, 360 grams RocheUe 
salt, and 260 grams KOH, in 2 litres), the excess 
of phenylhydrazine is decomposed, evolving 
nitrogen * 

C,H*NHNH,+0«C,H,+H,0+N.. 
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while the phen^Uiydrazone remains uncl'anged. 
The estimation iscarricd out in aflask»B,oonnf ct- 
ed with a oarbon dioxide generator, a (Fi 33). A 
known Tolnme of Barreswirs solution is intro* 
duoed and ooTercd with a lavcr of petroleum to 
preyent the canstio potash horn absorbing the 
carbon dioxide. A blank experiment is fiist made 
with the standard solution of phenylhydrazine 
hvdroohloride and aqueous sodium acetate, the 
nitrogen evolved on heating the solutions 
together being collected in a Scniff^s nitrometer, 
F. The experiment is then repeated with the 
same solutions of phenvlhydrame and sodium 
acetate plus the carbonyl compound ; the 
difference between the two volumes of nitrogen 
collected is a measure of the carbonyl present 
in the compound (Strache, Monatsh. 1801, 12, 
624; 1892/ 13, 299; 1803, 14, 270; Watson 
Smith, Chem. Nows, 1906, 93, 83). 

When the carbonyl compound (e.p. pyruvic 
acid) condenses readily with phonyUiyarazine 
or its hydrochloride in aqueous solution, the 
excess of this base can be estimated by adding 
excess of N/10*iodine solution, and titrating 
the remaining iodine with standard sulphurous 
acid or thiosulphate, using starch as indicator. 
This estimation is based on the following 
reaction : — 

C,H,*NHNH,+2I,=3HI+C,H,I+Na. 

The pbenylhydrazone is not affected by the 
iodine solution (E. v. Moyer, J. pr. Chom. 1887, 
[2] 30, 116 ; cf. Petronko-Kritschonko, Ber. 
1901, 34, 1699 ; and Annalon, 1906, 341, 
16, 160). 

Organle amlnei. 

The organic amines are divisible into three 
classes, primary, secondary, and tertiary, 
containing their nitrogen atoms combine 
resiiectiv^ with one, two, and three organic 
groups. These groups may be either alipnktic 
or aromatic, and the reactions of each of the 
three classes of amines depend very largely on 
the nature of the organic groura to which the 
basic nitrogen atom w attachecL 

Primary amines. The primary amino- 
group C’NIIj may bo detected by the carbyi- 
amine reaction (Hofmann, Ber. 1870, 3, 707), 
irrespective of the nature of the organic group, 
whicn may be either aliphatic, aromatic, or 
hydroaromatio (cjf. Monatsh. 1806, 17, 397). 
Ihe test consists in warming the substance in 
alcoholic solution with chloroform and caustic 
potash, when a carbylamine (iso-nitrile) is 
produced, which has a pungent disagreeable 
odour t 

R-HN,-fCHCl,-|-3K0H-RNC+3KCl+3H,0. 

The primary amines all interact with nitrous 
acid, out the aliphatic bases are immediately 
converted into hydroxyl derivatives (alcohols), 
whereas the aromatic bases furnish diazo- 
derivatives from which the nitrogen is evolved 
rapidly on warming or slowly at the ordinary 
temperature. 

In the case of the aliphatic primary amines, 
this nitrogen can be collected, and the amount 
indicates the proportion of amino- groups 
present. As nitrous acid itself decomposes 
readily, evolving oxides of nitrogen, StanOk 
recommends the use of nitrosyl chloride, obtained 
by adding fuming hydrochloric acid to 40 p.o. 
aqueous K>dium nitrite (Zeitaoh. physioL Chem. 


1906, 46, 263). This reagent can be mixed with 
saturated salt solution without undergoing 
decomposition I the aliphatic amino-oarboxylio 
acids (glycine, Ao.) can be readily decomposed 
by it in a current of carbon dioxide, and the 
nitrogen evolved is freed from the former gas 
and traces of oxides of nitrogen by passing the 
mixed gases through alkafine permanganate 
solution. Half the nitrogen measured in the 
gas burette corresponds with that originally 
present in the amino-acid. 

In the case of the aromatic primary amines, 
the acid solution of the base is earefully dJazo- 
tised at 6* with standard sodium nitrite ; the 
end-point is reached when a drop of the solution 
gives a blue colour on staren-iodide paper, 
^e sodium nitrite solution may be standardised 
with either potassium permanganate, sodium 
Bulphanilate (NH|*OfH 4 *SOtNa,im.O) or para- 
toluidine {cf. Qreen and Bideal, Chem. News, 
1884, 49, 173 ; Kinnioutt and Nef, Amer. Chem. 
J. 1880, 6, 388 ; Zeitsoh. anal. Chem. 1886, 26, 
223). 

Estimation of imino-groups in secondary 
amines, A weighed quantity of the substance 
is mixed with a known excess of acetic anhydride, 
either alone or diluted with dry xylene or 
dimothylaniline (Bull. Soo. ohim. 1892, [3] 
■7, 142 ; Chem. Zeit. 1893, 17, 27, 466). After 
one hour, water is added and the mixture warmed 
under a reflux apparatus, so that no anhydride 
is lost by evaporation. The solution is then 
titrated with standard barium hydroxide and 
phonolphthalcin indicator. The amount of 
acetic acid present indicates the excess of acetio 
anhydride left over ffom the acetylation of the 
secondary base. 

The tertiary amines and the quaternary 
ammonium salts do not give the reactions of the 
primary and secondary aminos, but the total 
amount of basic nitrogen present in an organic 
amine can frequently be ascertained by the 
analysis of the characteristic salts of the base. 
The auriohlorides and platinichlorides may 
frequently be employed tor this purpose, as 
these double salts on ignition leave a residue 
of the metal, each atomic proportion of gold 
corresponding to one basio nitrogen atom, 
while a similar quantity of platinum corresponds 
with two basio nitrogen atoms. In the majority 
of cases these double salts have respectively the 
general formule, RHClfAuCl, and (RHC1)|]^C1|, 
and are obtained in the anhydrous con- 
dition; yet, in certain instances, hydrated 
forms are known and sometimes the salts them- 
selves have an anomalous composition not 
corresponding with the general formulie. 
Evidence obtained in this way should, if possible, 
be supplemented by the analysis of other salts, 
and for this purpose the ferriohlorides, chromates, 
oxalates, thiocyanates, ferrocyanidos, piorates, 
and picrolonates have been employed, as well 
as the commoner nitrates, sulphates, and 
halide salts. 

Gas analysis. 

The experiments of Qay-Lussao established 
long ago the value, from a soieAtifio point of 
view, of the determination of the volumetrio 
composition of gases and the products formed 
by their interaotion ; but it is omv within recent 
times that the methods of gas analysis have been 
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applied to any great extent lor technical pnr- 
poees. The value of such determinations is now 
gmerall^ recognised on acoonnt of the informa 
tioD which they give respecting the efficiency of 
combustion, the progress of operations in which 
gases are consumed or produced, and the like. 

With few exceptions the volumetric and not 
the gravimetric composition of tbo gas is ‘ 
requim, and the measurements are essentially ! 


measurements of volumes. The gas to be ex* 


amined is confined over meroury or water in a 
suitable measurins apparatus, and its composi- 
tion LB determined (1) by treatment with ap- 
propriate absorbing reagents and measurement of 
the contraction produced ; (2) b)r exploding with 
oxygen or hydrogen and measuring the contrac- 
tion ; (3) by explo<ling %vith oxyaen or hydrogen, 
measuring the contraction, and then treating 
^vith absorbing reagents, and measuring the 
second contraction. Sulphur dioxide and some 
other gases soluble in water are estimated by 
titration, a definite volume of the gas beins 
drawn through a measured quantity of a standard 
solution, the excess of which is afterwards de- 
termined. 

The highly refined and accurate methods of 
gas analysis employed for purposes of research 
are of little value for technical purposes on 
account of the length of time required for their 
execution. Information respecting these methods 
may be found in Bunsen’s Gasoinctrischo 
Methoden, 2nd ed. 1887 ; Sutton’s Volumetric 
Analysis, 9th ed. 1904 ; Dittmar’s Exercises in 
Quantitative Analysis, 1887 ; Hcmpel’s Qas- , 
analytisohe Methoden, 3rd ed. 1000 ; Travers’ •' 
Experimental Study of Gases, 1901 ; v. also ! 
Thomas (Chem. Soc. Trans. 1879, 35, 213), and I 
Meyer and Seubert (Chem. Soc. Trans. 1884, | 
45, 581). In this article only those methods ! 
will be described which are available for technical 
pur^ses. j 

Measurements . — The volume w'hich a given 1 
mass of gas occupies depends on the tempera- 
ture, the pressure, and the proportion of mois- , 
ture which it ‘contains. The temperature is as- ' 
certained by means of a thermometer attached I 
to or suspended near to the measuring vessel. | 
Measurements aro usually made under atmo- 
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% and thisis determined bv means 
a barometer plaoeA in the room in which the 
analysis is made. The siphon barometer is a 
convenient form of instrument for the purposot 
and should stand on the table close to the gas 
apparatus. In case the level of the mercury or 
water in the measuring tube is higher than that 
in the trough or the attached tube, the true pres- 
sure upon the gas is given by the height of the 
barometer minus the differenoe between the 
mercury level inside and outside the tube. If 
w'ater is used, the height of the water column 
divided by 13*6 gives the height of the corre- 
sponding column of meroury with sufficient ao- 
ouracy. It is better to eliminate this correction 
by adjusting the liquid so that it is at the same 
level both inside and outside the tube, which is 
easily done. 

The gas must be either perfeotljr d^ or 
saturated with moisture. If an indefinite 
quantity of water vapour is present, accurate 
measurements are impossible. It is more con- 
venient to measure gas when moist, and 
'hence if the gas is confined over meroury a few 
drops of water aro introduced when the tube is 
filleid with the mercury and this water is taken 
up by the gas. Under these conditions the sur- 
rounding pressure is balanced partly by the gas 
and partly by the aqueous vapour which it con- 
tains, and in order to ascertain the pressure 
which the gas itself is under, the tension of 
aqueous vapour at the partic^ar temperature 
must be subtracted from the height of the 
barometer. The formula for reduoing tbo* 
volume of gas to the standard temperature and 
pressure (0^ and 760 mm.) is : 


V + 278X<B-/) 
“ (278 + 0X750 


or Vo 


_VX(B-/) _• 

(I + 0 0685e< X750) 


in which V is the actual reading ; I, the tempera- 
ture ; /, the tension of aqueous vapour at the 
temperature, t , and B, the height of the baro- 
meter. The reduction of the height of the 
barometer to 0^ is necessary for accurate calcula- 
tion, but may usually be omitted. The following 
table, abbreviated from Bunsen’s Gasometrische 
Methoden, gives the value of 1+0*003661 for the 
ordinary range of temperature : — 



Number 

Log 


Number 

Log 


Number 

Lug 

0* 

1-00000 

0*00000 

11* 

1*04026 

0*01714 

21® 

1*07686 

0*03216 

1 

1*00366 

0*00159 

12 

1*04392 

0*01867 

22 

1 -08062 

0*03363 

2 

1*00732 

000317 

13 

1*04768 

0*02019 

23 

1*08418 

0*03510 

3 

1*01098 

0*00474 

14 

1-06124 

0*02170 

24 

1-08784 

0*03656 

4 

1*01464 

0 00631 

16 

1*05490 

0*02321 

25 

1*09150 

0*03802 

5 

1*01830 

0*00788 

16 

1*06856 

0 02471 

26 

1*09516 

0*03948 

6 

1*02196 

0*00943 

17 

1*00222 

0*02621 

27 

1*09882 

0*04093 

7 

1*02662 

0*01099 

18 

1*06588 

0*02771 

28 

1*10248 

0*04237 

8 

1*02928 

0*01253 

19 

1*06954 

0*02921 

29 

M0614 

0*04381 

9 

10 

1*03294 

1*03660 

0*01407 

0*01601 

20 

1*07320 

0*03068 

30 

1*10080 

0*04524 


When the estimations are made rapidly, and 
only approximate results are required, the oor- 
reotions fw temperature and pressure are 
omitted, since it may be assumra that they 
remain constant during the analysis. 

The following plan, described by Winkler, 


renders the use of the barometer and tliermo- 
meter unnecessary, and makes the calculation 
much ^inrolcr. It is an adaplation of William- 
son and Russell’s method of always measuring 
the volume of the gas at the same d^giee of 
elasticity. A tube about 1 metre long, closed 
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At OB6 AtiH grftduAtcd to 120** c.o. in tenthe | 
w moistened internally with a few drops of water, 
and meroury is pourra in in such quantity that 
ivhen the tube is inverted the meroury stands 
somewhat higher than 100. The volume which 
100 C.C. of air measured at standard temperature 
and pressure should occupy under the conditions ' 
described, is calculated from the expression : 
«7_<760-4'B)100X(278+f, (760- 4-6)100Xl-l-0‘0086S0 
278(B-/) or B-/ 

and air is carefully introduced into the tube until, 
when the meroury is at the same level inside 
and outside the tube, it stands exactly at the 
calculated volume. The tube now contains a 
quantity of gas saturated with moisture, which, 
under standard conditions, would occupy 100 c.o., 
but its actual volume varies in the same ratio as 
the volume of gas to be measured. The two 
tubes are allowed to stand side by side, and 
when the levels have been properly adjusted in 
each case the volume of the gas to be measured 
and the volume of the air in the comparison tube 
are read off. The volume (under standard 
conditions) of the gas under examination is 
obtained by the proportion * 

V:Vo::V/:Vo*, 

in which V is the actual volume of air in the 
oomparison-tube ; Vp, its volume under standard 
conditions, which is always 100; V,', the 

observed volume of the gas to bo measured ; 
and Vg*, its volume under standard conditions. 

During the operations the temperature 
should be kept as constant as possible, and the 
readings should be taken rapidly, otherwise the 
proximity of the body will cause variations in j 
the temperature of the gas. It is an advantage 
to have the measuring tube surroumicd by a 
wider tube which is filled with water. The most 
accurate method is to take the readings through 
a carefully levelled telescope (a cathetometer) at 
a distance of about five qr six fi ot. This also 
avoids parallAX. The measuring tube must 1^ 
Impt vertical, and when water is the confining 
liquid, sufficient time must be given for the 
liquid to run down the sides of the tube. Not 
unfrequently this requires several minutes. 

Reagents, 

All liquid reagents should be saturated with 
the gases which they do not absorb chemically. 
It is dwirable that the tensions of tWe gases 
in the liquids should bo approximately equal to 
their tensions in the gases which are to bo 
analysed, in order to avoid exchanges between 
the gas and the absorbing liquid. This is best 
secured by going through the process two or 
three times without making measurements, 
whenever the pipettes have been freshly filled. 
Liquids used for the analysis of, say, flue gases, 
should not be used for gases of a different cha- 
racter, f.c. which contain the constituents in 
very different proportions. 

Bromine water is used for absorbing olefines. 

It should be well saturated with bromine and 
kept in the dark. 

Cuprous ehhride is made by dissolving 50 
grams of cupric oxide in hydrochloric acid, add- 
ing 60 grams of copper, and boiling for some 
time with as little exj^ure to air as possible. 
The i^ution is then diluted to 1000 o.o. with 
hydrochloric acid pf sp.gr. 1*12, and allowed to 


remain in contact with metallic copper in a closed 
vessel until the solution becomes colonrless. 
This solution attacks meroury rapidly. 

CuprosO’^mmonium chloride^ omined by 
dissolving cuprous chloride in ammonia, does 
not attack mercury. 

The stock solution is made by dissolving 
200 grams of cuprous chloride and 250 grams m 
ammonium chloride in 750 o.o. of water ; it is 
kept in stoppered bottles, and, when required, 
mixed' with one-third its volume of ammonia 
solution (sp.gr. 0*01). 

Hydrogen is obtained by the action of dilute 
sulphuric acid on pure zinc. The granulated 
zinc may be placed in a small bottle fitted with 
a capillary delivery tube, which can be closed by 
a tap or pinch-oock. The bottle has a tubulus at 
the bottom, and is connected by a caoutchouc 
tube with a similar bottle oontaming dilute sul- 
phuric acid. The latter bottle is raised so that 
the acid runs on the zinc, and the action is 
allowed to proceed until the air is com][ffetely 
expelled from the first bottle. The tap is then 
closed, and the acid is driven back into the second 
bottle by the pressure of the hydrogen. It is 
advisable to keep the second bottle at a slightly 
higher level than the first, to avoid any c&nce 
of air leaking in. One of Hempel*8 tubulated 
absorption bulbs answers admirably (Fig. 41). 
The zino is attached to a cork, which is inserted 
in the tubulus of the first bulb, and the acid is 
introduced. When all air is expUed, the capil- 
lary tube is closed, and the acid is driven up into 
the second bulb, so that the pipette is always 
charged with hydrogen under pressure. 

Oxygen is obtained in a pure state by heating 
potassium chloride without manganese dioxide. 
The powdered chlorate is contamed in a glass 
bulb, the neck of which is drawn out to form a 
narrow delivery tube. 

Phosphorus is employed in the form of narrow 
sticks, which are made by melting it under warm 
water and drawing it up into narrow glass tubes. 
The upper ends of the tubes are closed by the 
finger, and they are plunged into cold water, 
when the phosphorus soHdifies. It may also 
be used in a granular form, obtained by shaking 
the phosphorus vigorously with warm water in s 
well-closed flask until it solidifies. 

Caustic potash {or soda) for Orsat’s apparatus 
is dissolved in three parts of water, and the solu- 
tion kept in well-stoppred bottles. Hempel 
uses a solution of caustic potash in two parts of 
water, which will absorb forty times its volume 
of carbon dioxide. It may, however, be used 
somewhat more dilute, and is then less liable to 
attack the glass. 

Pyiogallol is kept in the solid state, and only 
dissolved immediately before being used. Orsat 
recommends a solution of 25 grams of pyrogallol 
in a small quantity of hot water, mixed with 
150 O.O. of a solution of 1 part of caustic soda in 
3 parts of water. Hempel uses a mixture oi 
25 C.O. of a 20 p.c. solution of pyrogallol with 
76 0 . 0 . of 33*3 p.o. caustic potash solution. 
This quantity will absorb 200 o.o. of oxygen. 

Smpley (J. Amer. Chem. Soc. 1916, 38, 1687) 
found the most effective solution was prepared 
by adding 40 o.o. of water to 100 grams pyrogallol 
and addmg 100 o.c. of 49 p.c. s^um hydroidde 
solution, ^o carbon monoxide fmm 

a solution of this strength. 
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Anderson (J. Tnd. and Eng. rhoin 10ir>. 7. 
687) recommends a solution of 16 grams pyro- 
gallol in 100 c.c. potassium hydroxide solution 
of sp.gr. 1 *65. 

Sulphuric acid of sp.gr. 1*84 is used as a 
drying agent and for the absorption of nitrogen 
oxides. Acid of the same strength mixed with 
so much sulphuric anhydride Uiat it remain'} 
liquid at the ordinary temperature but solidifies 
if cooled, is used for absorbing ethylene and 
other hydrocarbons. 

Water, which is very largely used for con- 
fining the gases, should bo well saturated with 
air, but should not contain carbon dioxide. 
Distilled water is preferable, but any potable 
water of good quality may bo used. 

Standard solutions used in the estimation of 
gases by titration are known as normal gas 
soluliona when they are of such strength that 
1 0 . 0 . of the solution is equivalent to 1 c.c. of 
the gas under standard conditions. A normal 
gas solution of iodine for the estimation of 
sulphur dioxide would contain 11*333 grams of 
iodine per litre, and the thiosulphate solution 
used in conjunction with it would be of equiva- 
lent strength. 

In many cases it is the weight of the absorbed 
constituent per cubic metro or cubic foot of gas 
that is required, and the ordinary standard 
solutions may be used. 

Methods of estimation. 

Ammonia, by titration. 

Benzene, by absorption in fuming nitric acid 
Ixiiling at 86**, the nitrogen oxides bein^ then 
removed bv caustic potash. Fuming nitric acid 
ab*j absorbs carbon dioxide and carbon mon- 
oxide. Like the olefines, benzene is absorbed 
by fuming sulphuric acid and by bromine water, 
and in fact no absorption method is at present 
known by means of which benzene and the 
olefines can be separated (Ber. 1888, 21, 3131). 

Carbon dioxide, by absorption in potassium 
or sodium hydroxide. 

Carbon monoxide, by absorotion in a satur- 
ated solution of cuprous chloride in hydrochloric 
acid or ammonia. It seems (Bcr. 1887, 20, 
2764) that these solutions are liable to give off 
part of the dissolved carbon monoxide, especially 
after they have been used repeatedly. The 
error is less with the ammoniacal solution, and is 
reduced if the solution remains in contact with 
the gas for some time. The cuprous chloride 
solution should always be tolerably fresh, and 
should be saturated with hydrogen, nitrogen, 
and the other gases which usually occur with 
carbonic oxide (Ber. 1888, 21, 898). If the 
amount of carbon monoxide is small, it should 
be converted by combustion (v. Hydrogen) into 
carbon dioxide, which is afterwards absorbed 
by caustic potash. If the amount of carbon 
monoxide is mrge, the greater part may bo ab- 
sorbed by cuprous chloride, and the remainder 
removed by combustion and absorption. 

The estimation of small quantities of carbon 
monoxide in air or other comparatively inert 
gases can be effected by passing the dried gas 
over solid iodine pentoxide. At temperatures 
varying from 40®-160® the following reaction 
occurs: EitW of the 

volatile products can bo e.stiinatod : the iodine 
volumetricaUy by standard thiosulphate, or 


gra\ iiuetncalh by absorption in a weighed tube 
containing copper powder ; the carbon dioxide 
mav 1)6 absorbed in standard barium hydroxide, 
andf the excess of the latter titrated with oxalic 
acid. If carbon dioxide is present in the gas 
under exaffiination, it is first removed by 
potassium or barium hydroxide. Below* 60® no 
hydrocarbon except acetylene reduces iodic 
anhydride. At higher temperatures several 
unsaturated hydrocarbons have an appreciable 
action. Ethylene hinders the oxidation of 
c.irbon monoxide by the iodine pentoxide. The 
process is applicable to Air containing one part 
of carbon monoxide in 30,000, and is used for 
e^tl mating the monoxide occluded in steel 
((jiautier, Compt. rend. 1898, 126, 871. 1290; 
Jean, tbid. 1902, 136, 746 ; J. Amer. Chera. Soo. 
1900, 22, 14 ; 1907, 29, 1580 ; Ann. Chim. anal. 
1910, 15, 1). 

Hydrogen is converted into water by combus- 
tion with air or oxygen, and the volume of the 
hydrogen is represented by two-thirds of the con- 
traction consequent upon combustion. If the 
gas is confined over mercury, an excess of pure 
oxj^en is introduced, the volume read off, and 
the pressure on the gas reduced considerably 
below atmospheric pressure by lowering the 
mercury in the level tube. The lower end of the 
explosion tube is closed, and combination is 
initiated by passing a spark from a coil between 
the platinum wires which are fused into the tube. 
The pressure is restored to the normal, and when 
the gas has cooled the volume is again road off. 

When the gas is confined over water it ia 
almost impossible to obtain satisfactory com- 
bustion, and it is much more convenient to pass 
the combustible mixture over gently heated 
spongy palladium. This is prepared by dis- 
solving about two grams of palladium chloride 
in a small quantity of water, adding a small 
quantity of a saturated solution of sodium 
formate and sodium carbonate until the re- 
action is alkaline. About 1 gram of long 
and very soft asbestos fibres is introduced, and 
the pasty mass is rlried at a gentle heat. In this 
way the asbestos is obtained covered with very 



finely divided palladium. After beiLg eoni|Jetely 
dried at 100'^, it is carefully washed with water 
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to romove sola Lie taito and again dried. Some 
of the fibres are moistened and twisted into a 
thread about 1 cm. long, which is then intro* 
ducod into the middle of a stout capillary tube, B, 
about Ifi om. long and 1 mm. internal diameter, 
and this tube is bent at a right angle at each end. 
or in any other wa^ convenient for its attach- 
ment to the measunng apparatus containing the 
gas. One end of the capillary is in communica^ 
tion with the graduated tube, a, and the other 
with a bulb pipette, o, filled completely with 
water, into which the gas is passed. A small gas 
or spirit-lamp fiame is arranged to heat that part 
of the capillary which contains the asbestos. 
When the other gases have been estimated, the 
mixture of hydrogen and nitrogen which remain 
is mixed with air by lowering the level-vessel 
until the pressure is sufficiently reduced, and 
then putting tl^ measuring tube in com- 
munioation ^th the air. The stop-cook is then 
closed, the asbestos very gently heated, and the 
ffas passed slowly through the capillary into the 
Dulb and baok again three or four times. When 
oombustion is complete, the volume of the 
residual gas is measured. • 

This method may be employed in estimating 
hydrog|en in the presence of methane, since the 
latter is not burnt under these conditions, pro- 
viding that the temperature does not exceed 
500* (J. Soo. Chom. Ind. 1003, 22, 025 ; 1006, 
24, 1202 ; Zeitsoh. angew. Chem. 1003, 16, 005). 

The palladinised asbestos can be used in 
promoting the combustion of carbon monoxide. 

Drehsohmidt (Ber. 1888, 21, 3246) prefers a 
platinum tube 20 om. long and 2 mm. thick, with 
a bore 0*7 mm. diameter. The bore is almost 
closed by the insertion of a palladium wire ex- 
tendinff through the whole length of the tube. 
T^e tuoe is attached to a burette and an absorp- 
tion pipette in the same manner as the glass 
tube ; 5 to 0 om. arc heated to redness by means 
of a gas flame, and the gas is passed backwards 
and forwards until there is no further alteration 
of^ volume. No explosions ocovir even with 
mixtures of hydrogen and oxygon containing 
only a slight excess of the latter. 

Uompim has applied the w’ell-known absorp- 
tion of hydrogen by palladium to the estimation 
of this gas. Pure palladium is indifferent 
towards hydrogen in the presence of methane 
and nitroflen, but when it contains a little palla- 
dious oziuo combustion of some of the hydrogen 
occurs, and the heat generated ensures the 
absorption of the remainder. Palladium sp 
i» heated and allowed to cool slowly so that It 
becomes Bui)erfioially oxidised. A U-tube of 
4 mm. internal diameter and 20 cm. total length 
is charged with 4 grams of this oxidised sponge 
and maintained at OO^-lOO* by immersion in a 
beaker of hot water; this tube is intemsod 
between the gas burette and a pixiotte f^ed with 
water. The absorption is effected by siphoning 
the ffas backwards and forwards through the 
pallaaium sponge. 

Hydrogen omorlde, by titration. 

Hydrogen sulphide, by titration. 
Hydrocarbons other than olefines are esti- 


mated by oombustion, 
over mercury under 


with oxygen 
[need proBSuro. Acety- 


lene and benzene may be burnt over palladium, 


but require a somewhat 
Methane cannot be burnt in 


temperature, 
way even in 


presence of hydrogen. The combustion of this 
gas is effected by mixing it with a oonsidecable 
quantity of air and aspirating the mixture 
wooffh a short tube oontainiim cupric oxide 
heatM to,rednessin asmalloombustian furnace, 
the carbon dioxide which is produced being 
absorbed in standard baryta solution, whioE 
is afterwards titrates! with standard oxalic acid. 

Drehschraidt finds (Ber. 1888, 21, 3249) that 
a mixture of methane and oxygen can readily be 
burnt in a platinum tube, as above, if the latter 
is heated to bright redness. The contraction 
is observed, and the carbon dioxide formed is 
removed and the volume again measured. 

mtrie OzMi is converted into peroxide by 
admixture with oxygon, and the peroxide is 
absorbed by caustic potash, the excess of o^gen 
being afterwards absorbed by alkaline pyrogallate. 
Nitric oxide may also be 'absorbed by a con- 
centrated solution of ferrous sulphate, but 
this method does not give such satisfactory 
results. 

Nitrogen peroxide and nitrons anhydride, by 

titration ; by absorption with sulphuric acid of 
sp.gr. 1*M; or, in absence of carbon dioxide 
ana other absorbable gases, by absorption with 
caustic potash. 

Olefines, by absorption with fuming sulphuric 
acid, acid vapours being removed by caustic 

C otash ; or by absorption in bromine water, 
romine vapours being afterwards removed by 
caustic potash. 

Oxygen, by absorption with alkaline pyro 
gallate. If the oxygen is present in greater pro 
^rtion than 20 p.o. a small quantity of oavoon 
monoxide is evolved from the pyrogallol during 
absorption, and hence the results are slightly too 
low. After treatment with pyrogallol the gas 
may be passed into the cuprous chloride bulbs 
l^in order to remove any carbon monoxide that 
may have been formed. Usually, however, this 
error has no material influence on the results. 
Oxygen may also bo absorbed bv phosphorus, 
and this has tlie advantage that tne presence of 
carbon dioxide is without influence on the result. 
The temperature, however, must not be below 
18^, and the absorption is prevented by the 
presence of ammonia, olefines, and other hydro- 
carbons, alcohol, Ac. 

Sodium hydrosulphite has been recommended 
as an absorbent for oxygen, the reaction 

Na,S ,04 4-H,0 +0 =2NaHSO, 

taking place readily at low or high temperatures. 
The solution contains 50 grams of the salt and 
40 O.O. of sodium hydroxide (5 ; 7) in 260 o.o. of 
water, and is used in a pipette filled with rolls of 
iron-wire gauze (Ber. 1906, 39, 2069). 

Oxygen may also be estimated by combustion 
with hydrogen, either explosively oy the spark 
or over paUadium-asbestos. The hydrogen 
should be evolved from commercial * pure ’ uno 
and pure dilute sulphuric acid, or in special cases 
from magnesium and sulphuric acid. One-third 
of the contraction consequent upon oombustion 
gives the volume of the oxygen. 

Sulphur dioxide, by titration. 

In the ordinary gases from flues, generators, 
Ao., the constituents ore estimated in the foUow- 
ing order : Carbon dioxide, olefines and benzene, 
oxygen, carbon monoxide, hydrogen, methane, 
nitrogen (as residue or by diffemce). 
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II acid vaponn are present together with one 
or more of the above gases, the order of absorp- 
tion, Ac., must be determined by oiroumstanoes. 

Apparatus and manipulation, 

CcUtcting sampUs. — ^The gas to be analysed 
is usually drawn urom the flue, chamber, Ao., by 
aspirating it through glass tubes, which may be 
termed conducting tubes. When the tempera- 
ture is high, porcelain tubes may be used ; or if 
the gas has no acid properties, iron tubes can be 
employed. When samples are constantly taken 
from the same flue, Ac., it is convenient to have 
a short piece of porcelain or iron pipe cemented 
into the wall and closed at the outer end with a 
plug, which is readily removed when the sample 
LB taken. In oases where the gases are originally 
at a high temperature and possibly in a state of 
partial dissociation, it is important to draw the 
sample slowly through a somewhat long tube in 
order that the gas may cool slowly, since rapid 
cooling of the gases may leave them in a partially 
dissociated condition and thus lead to erroneous 
results. 

The sample may be conveniently collected in 
the measuring apparatus itself ; but where this 
is not possible, a cylindrical glass tube a, drawn 
out nt the upper end and connected with a stop- 
cock and capillary tube, and 
drawn out at the lower end and 
connecte<l by caoutchouc tubing 
with a similar tube B, open at 
the top, makes a convenient' 
sam[)ler. The collecting tube 
may with advantage pro- 
vided with a stop-cook at the 
bottom. The vessel a is com- 
pletely filled with water or mer- 
cury by raising B to a higher 
level, and the upper stop-cock 
is closed. Tho cnpllary tube is 
connected with the conducting 
tube, and the vessel b is lowered 
so that when tho stop-cock is 
slowly opened the gas is drawn 
into A, and the water or mercury 
collects in B. When A is filled the 
stop-cocks are closed. The gas 
is readily transferr^ from a to the measuring 
vessel by raising B and carefully opening the 
stop-cock. 

In all cases the air in the conducting tube 
must be expelled, and this is done Jby placing a 
T-tube between the end of the tu^ and tho 
oolleoting vessel. This T-piece is connected 
with an aspirator, and the tube is filled with the 
gas before the stop-cock of the oolleoting vessel is 
opened. When the collecting vessel is provided 
with a three-way cock, the aspirator may be 
connected direcUy with the latter. Various 
forms of aspirator may be used. When the 
volume of gas to be aspirated is small {e.g. in 
removing air from the conducting tube), a small 
globular indiarubber aspirating pump is very 
convenient. For larger quantities of gas, glass 
bottles with a tubulus or stop-cock at the bottom 
and a tube or stop-cock at the top, or similar 
vessels of sheet sine, may be used (Figs. 36 and 37). 
They are filled with water, the upper tube being 
connected with the tube which passes into the 
flue, and the water is allowed to flow from the tap 
at the bottom. The volume of gas aspirated u 



determined by measuring the volume of water 
which flows from tho aspirator, and correcting 




this volume for temperature, Ac., in the usual 
way (e. Aspirator). 

When aspiration is to be continued for a long 
time, one of the various forms of water pump 
may be used. Tho volume of air aspirated in a 

f iven time with a given pressure of water may 
e determined oiioe for all by direct measure- 
ment, or a small gas meter maybe placed between 
the Dump and tne vessel into which tho gas is 
passed. 

If the gas has to be kept for some time before 
analysis, or if it has to bo transported from one 
place to another, it may bo collected in glass 
tubes which have previously been drawn out at 
each end . As soon as the tubes are full, the ends 
arc closed by stoppors of indiarubber tubing and 

f lass rod, or are hormetioally sealed by fusion, 
t the quantity of gas is large, oylindrioal sino 
vessels with conical ends closed by indiarubber 
corks answer very well. 

(For other forms of gas-samplers, v. J. Soo. 
Cliom. Ind. 1889, 8, 176; 1903, 22, 190.) 

Katimniions by titration, — A measured quan- 
tity of the appropriate standard solution is 
placed in a flaw or a Woulfl’s bottlo fitted with 
two tubes, one of which dips into the liquid and 
is connected with the tube placed in the flue, 
Ao., whilst the other ends just below the cork 
and is connected with an aspirator. After 
aspiration has been continued toe a sufficient 
le^h of time, the excess of reagent is deter- 
mined by titration. The volume of gas aspirated 
is determined by the volume of water which has 
run from the aspirator or by means of a gauge 
attached to the aspirator. This volume of 
water, however, represents a volume of gas 
saturated with moisture and at a temperature 
and pressure which must be determined by 
means of a thermometer attached to the aspirator 
and a barometer in close proximity ; the volume 
under standard conditions is oafoulated in the 
usual way. In calculating the percentage com- 
position of the gas, it must be borne in mmd that 
the original volume of the gas was the sum of tho 
volumes of the absorbed constituent and the 
volume which has passed into the aspirator. 

If F| is the volume of the absorbea gas, and 
Fa the volume which has passed into the aspira- 
tor, both under ftan^rd oonditions, then 

100 X Vi * * ,7 U 1 

y y. ^ per cent, of Fj by volume. 

This method may be applied in the estimation 
of— 

Ammonia, by abso^tion in sulphuric acid 
and titration with alkali 

Carbon dIoxMo (in small quantities), hy 
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absorption in standard baryta solution and 
titiation with oxalic acid. 

Chlorine, by absorption in a standard solu- 
tion of arsenious oxide in sodium carbonate, 
and subsequent titration with iodine after 
saturating with carbon dioxide. 

I When hydrochloric acid and chlorine occur 
together, the latter is determined separately in 
one quantity, and a second quantity is absorbed 
in the solution of arsenious oxide in sodium 
carbonate free from chlorine, and the total 
chlorine is determined by titration with silver 
nitrate, using Volhard’s thiocyanate method. 
In calculating the percentage composition, it la 
imiicrtant to remember that 1 vol. of chlorine 
produces 2 vols. of hydrochloric acid. 

Hydrochlorio sold, by absorption in sodium 
carbonate and titration with silver nitrate, or, 
in absence of cllrbon dioxide and other acids, 
ny absorption in standard caustic potash or 
soda, and subsequent titration with an acid. 

Hydrogen sulphide, by absorption in standard 
iodine and titration with thiosulphate ; or by 
absorption in bromine water and gravimetric 
estimation as barium sulphate. 

Nitrogen oxides, by absorption in acidified 
permanganate solution of definite strength, the 
gas being parsed until the solution is just de- 
colourised. This method gives the amount of 
nitrogen oxides in terms of their reducing 
power. 

Sulphur dioxide, by absorption in standard 
iodine solution and titration with thiosulphate, 
or by absorption in bromine water and gravi- 
metric estimation as barium sulphate. The 
latter plan may be adopted when the proportion 
of sulphur dioxide is very small and a large 
volume of gas must be aspirated. 

Measuring and absorption apparatus . — Only 
those forms which have como into general use 
and are of wide applicability will be described 
here. Descriptions of the numerous other 
modifications will bo found in Winkler’s Chem. 
Unters. der Industrie-Gase ; Winkler and 
lounge’s Technical Gas Analysis ; and in Zeitseb. 
anal. Chem. 

An extremely convenient device which is 
applied to almost all the forms of apparatus is 
the three-way stop-cock. This has the usual 
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transverse bore, but the plug itself is elongated 
in the form of a tube, the bore of which is con- 
tinued in a curved direction through the plug 
and opens at the side in the same plane, but 
in a direction at right angles to the transverse 
bore. By means of this tap two tubes can be 
made to communicate with one another, or 
either of them separately can be put in com- 
munication with a third tube or with the 
an. 

Or sat' a apparatus . — The measuring tube or 


I buieitc ( on^ists of a cylindrical )mlb terminating 
at one end in a capillary tube and at the othci 
in a narrow tube of uniform boro graduated in 
tenths of a cubic centimetre. The total capacity 
of the tube from the zero to the capillary is IOC 
C.C., and the lower end of the tube is connected 
by caoutchouc tubing with a ‘ level-bottle,* the 
height of which can readily bo adjusted. The 
burette is enclosed in a cylinder which is filled 
with water at a constant temperature. The 
capillary from the upper end of the measuring 
tube is carried horizontally along a wooden 
support. Other capillary tubes provided with 
stop-cocks are fused into it at right angles and 
communicate bv means of very short lengths 
of stout indiarubber tubing with the absorption 
pipettes, each of which consists of a pair of 
somewhat large cylindrical bulbs communicating 
at the bottom by a curved tube. The bulbs 
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nearest the capillary tubes are fitted with short 
lengths of glass tubing so that a large surface of 
the reagent may be exposed, and the other bulbs 
receive the liquids when they are driven out 
from the first bulbs by the gas. Any number 
of bulbs can, of course, be attached to the main 
capillary, and at the end of it there is a tliree- 
way tap communicating with the aspirating tube 
or with the air. 

The three absorption pipettes indicated in 
Fig. 39 are generally filled respectively with 
solutions of caustic potash, alkaline pyrogallate, 
and cuprous chloride, and serve for the estima- 
tion of carbon dioxide, oxygen, and carbon 
monoxide. 

The burette is filled with water by placing 
the liquid in the level-bottle and raising the 
latter, and the stopcocks are then closed. The 
absorption bulbs are rather more than half filled 
A\ith the liquid reagents, and by opening the 
stop-cocks and placing the level-bottle below the 
apparatus the liquids are drawn up so as to fill 
completely the bulbs connected with the capil- 
laries. The stop-cocks are then closed. 

The burette is filled with water up to the 
capillary tube by raisinc the level-bottle, and the 
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far end of the capillary tube is connected with estimated by absorption in the alkaline pyro* 
the tube along which the gas is to be conducted, gallate (Ohem. News, 1904, 89, 61). 

The lower end of the three-way tap is connected Bone and Wheeler's apparatus is a simple 
with an indiarubber aspirator, and the air is form of gas apparatus capable of giving accurate 
removed from the conducting tube by aspirating results with almost all gaseous mixtures ordinarily 
the gas through it. The level-bottle is then met with in technical practice. The working 
lowered, the tap is turned through 00^, and liquid is mercury, and the apparatus consists of 
the gas is drawn into the burette. When a the following parts : (1) A water- jacketed com- 
sufheient volume has entered, the tap is closed, bination of measuring and pressure tubes, a and 
the levels inside and outside the burette are b, communicating through the glass tap C with 
adjusted by raising the level-bottle, and the the mercury reservoir D ; (2) an absorption 
\olume of the gas is read off as soon as the vessel, », standing over mercury in a mahoganv 
temperature is constant. If it is desired to trough ; (3) an explosion tube, B, fitted witn 
operate upon exactly 100 C.G., the gas is drawn in firing wires, and having a separate mercury 
until the water is a little below the zero, the tap reservoir, H ; (4) a sampling tube, K. The con- 
is closed and the level-bottle is raised so that the nections betw'een A, B, and F are of capillary 
gas is slightly compressed and the water rises bore throughout, with suitable glass taps, 
above the zero (time having bo<*n given foi ilie Before an analysis the whole of the apparatus, 
liquid to run down from the sides of the burette), including the connections, is filled with mercury, 
and the indiaiubber tube is closed by a pinoh- 
cock. The level -bottle is again lowered, and by 
cautiously owning the pinch-cock the water is 
allowed to (mscend exactly to the zero, and the 
pinch-cock is closed. The tap at the end of the 
main capillary is opened for an instant, so that 
the excess of gas may escape and the 100 c.c. 
remaining in the burette may be at atmospheric 
pressure. 

In order to bring the gas into any one of the 
absorption bulbs, tne level-bottle is raised and 
the tap of the particular bulb is opened. The 
gas passes into the bulb, and by alternately 
raising and lowering the level-bottle the gas can 
bo passed backwards and forwards several times, 
care being taken that the absorbing liquid does 
not pass through the stop-cock. The gas is 
finally drawn off so that the absorbing liquid 
just reaches the stop-cock, the latter is closed, 
and, after readjusting the levels, the volume of 
gas is again read off. After making the neces- 
sary corrections, the decrease in volume is, of 
course, the volume of the gas which has been 
absorbed. The order in which the absorbing 
liquids should be applied has already been 
given (p. 236). 

Lunge has added to this apparatus a capil- 
lary tune with palladium asbestos, for the 
estimation of hydrogen, connected with a bulb 
similar to the absorption bulbs, but containing 
water only. The apparatus also contains a 
small spirit-lamp earned by a movable rod for 
heating the palladium asbestos (Dingl. poly. J. 

1882, 246, 612). 

Sodeau has introduced a modification of 
Orsat’s apparatus suitable for the analysis of 
mixtures containing only small proportions of 
combustible gases {e.g. chimney gases). In 
this modification the cuprous chloride pipette 
and the palladium combustion tube are replaced 
by a combustion pipette, the only absorption 
pipettes present being those containing caustic Fio. 40. 

potash and alkaline pyrogallate. The carbon 

dioxide is first estimated by means of the former, and the gas may be introduced either from the 
and the combustible gases burnt by passing an sampling tube, K, or from the absorption 
electric current (6 amperes) for a short time vessel, F. 

through a platinum spiral in the combustion The Kegnault-Frankland principle of mea- 
pipette. The contraction is noted, and the surement is employed, namely, the measurement 
carbon dioxide produced is estimated by of the pressure of the gas (in mm. of mercury) 
absorption in the caustic potash. These data at constant volume. The measuring tube a 
give the proportions of carbon monoxide and has a series of conbtant-volume marks coinciding 
hydrogen originally present in the gaseous t with the 0. 100, 200, &c., mm. marks on the 
mixture. The residual oxygen may now be pressure tube B. These two tubes an* moist ened 
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with dilate ralphario ecid (1 1 20) m a precaution 
againat the accidental introduction of alkali 
into the meaauring tube. The tap cloeing the 
upper end of the prcesure tube ia connected to 
it oy atout indiarubber preaaure tubing ; thia 
givea a tight but claatio joint, and obviatea 
riaka of fracture. By meana of thia tap the 
preaaure tube can be rendered yacuoua, and, in 
thia way, the meaaurementa are rendered inde- 
pendent of the baroznririo preaaure, and it 
t>ccoineB poaaible to analyee smaller volumes of 
gaa. The length of the pressure tube provides for 
the requiaite dilution of the explosive mixtures 
in analyses by explosion. All the absorptions 
are carried out in the aame vessel, f, a com- 
paratively small amount of freshly prepared 
reagent oeing used in each operation. I'he 
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absorption vessel is rii\sed out bv means of the 
three-way tap, the lower parallel limb of which 
is joined to a largo bottle connected up with the 
water pump. In this way a series of alworptions 
can be earned out without disturbing a single 
connection in the apparatus. An analyaia of pro- 
ducer gaa is easily completed in 40 minutes, and 
one of coal gaa requires about an hour (J. Soo. 
Gbom. Ind. 1008, 27, 10). (For other forms of 
teohnioal gaa apparatus, v. F. Fischer, Zeitsch. 
angew. Chom. 1890, 8, 091 ; Sodeau, J. Soo. 
(Ihem. Ind. 1003, 22, 187. See also Chem. Soc. 
Trans. 1894, 60, 43 ; 1899, 70, 82 ; Ber. 1902, 
30, 3480,* 8493 ; 1907, 40, 4906 ; J. Soo. Ghera. 
Ind. 1008, 27, 483, 401 ; Chem. Zeit. 1903, 840 ; 
1004, 086 ; Zeitsch. angew. Chem. 1907, 20, 22.) 

Uempd*8 apparatue , — ^The measuring appa- 
ratus consists of a burette, and a plain tube 
of the same length and diameter, which serves 
aa a level-tube. The burette holds 100 o.o. 
from the aero to the oapillaiy, is graduated in 
fiftha of a 0 . 0 ., and terminates at the top in a 
capillary tube to whioh ia fitted a abort piece of 
stout- walled oaoutohouo tubing cloaed by a 
pinoh-oook. Both the burette and the level-tube 
axe fixed at the bottom into heavy oiroular 
stands, and each has a aide tubulus near the 
bottom over whioh ia slipped the oaoutohouo 
tube by whioh they are oonneotod. It is 
advisable to make all the joints seeure with 
copper wire. In order to make the measure- 
ments more aoourate, the burette may be 
surrounded by a wider tube filled with cold 
water (Winkler). 

The pinoh-oook is opened and both tubes are 
ratbor more than half filled with water. The 


burette ia completely filled with water by laisfng 
the Icvel-tuhe until the water runs out of the 
indiarubber tube at the top, and the pinch-oook 
ia then closed. By meana of the indiarubber 
tube the burette is attached to the conducting 
tube, which has already been filled with the gas, 
the level-tube is lowered, and the pinch-cook 
opened. When sufficient gas has been drawn in 
tne pinch-cock ia cloaed, the levels adjusted, and 
the volume read off in the usual manner. If it 
ia desired to admit exactly 100 c.o., proceed 
in the same way as described under Orsat’s 
apparatus. • 

I'he reagents are contained in absorption 
pipettes. Simple absorption pipettes consist of 
two bulU which communicate at the bottom by 
a bent tube, one bulb being at a higher level than 
the other (Fig. 34). The upper part of the loww 
bulb terminates in a straight capillary tube, 
which extends to a slightly greater height than 
the higher bulb, and servos to connect the pipette 
with the burette. In the tubulated pipette the 
bottom of the lower bulb is provided with a 
tahiiliis, which can be closed with a caoutchouc 
stopper, and througii whioh solid reagents such 
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as phosphorus or zinc can be introduced. A 
composite absorption pipette consists of two 
simitar pairs of bulbs, the second pair containing 
water or some other liquid which protects the 
reagent in the first from the action of the air. 
Composite pipettes are used with alkaline pyro- 
gallato, cuprous chloride solution, bromine water, 
and similar reagents (Fig. 42) 

Gumming (J. Soc Ciiera. Ind. 1913, 32, 9) 
has modified the Hempel double pipette by the 
addition of a side tube to the top of h, which 
can be closed by a rubber cork. The reagent is 
poured through the side-tube on 6, and water 
IB poured in through d to form a water-seal. 

In making the absoiptions the pipettes, 
which are attached to wooden stands, are placed 
on a table stand of suoh height that the top of the 
capillary of the pipette is level with the top of 
the capillary of the burette. The burette and 
pipette are joined by means of short pieces of 
oaoutohouo tubing and a short piece of capillary 
tube ^nt twice at right angles. The volume of 
air contained in this capillary is so small that it 
docs not introduce any appreciable error. Care 
is taken that the capillary of the absorption 
pipette is filled just up to the top with the re- 
agent. The oonneotions being made^ the level- 
tube, whioh should be full of water, is placed on 
the table stand and the pinoh-cook is opened. 
The gas passes into the pipette* and by zaiibig 
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and lowering the loTel-inbe the whole of the gas 
can be passed baehwarda and forwards two or 
three tunes; or the gas may be allowed to re- 
main in oontaot with the liquid in the pipette. 
When absorption is complete, the level-tube is 



lowerod until the reagent is drawn just up to the 
top of the capillary of the pipett^ the pinch-cock 
is closed, and a second re^ng is taken. 

When combustions of hydrogen or carbon 
monoxide have to be made, the capillary tube 



containing palladium asbestos is inserted 
between the burette and a simple absorption 
pipette containing water only. With gases 
containi^ both methane ana hydrogen, the 
combustion is conveniently effecM in an ex- 
plosion pipette of ^enoal form, in which 


merouiy is used as the working liquid. The 
two bulbs of the pipette are connected by 
thick-walled indiarubber tubing, «nd the ex- 
plosion bulb can be closed by two stop-oooks. 

When gases very soluble in water have to be 
measured, a burette is used, provided at the top 
with a throe- way stop-cook, the volume between 
them being exactly 100 c.c. The burette must 



be perfectly dry before being filled, an end 
which is most quickly ejected by rinsing 
burette with water, then with alcohol, and 
finally with ether, and passing a current of warm 
air through it. The lower end of the burette is 
connected with the conducting tube by means of * 
the three-way tap d, the other end is connected 
with an aspirator, and a current of the gas is 
drawn through the burette until the air is com- 
pletely expelled. The stop-oooks arc then closed, 
care Ming taken that the gas in the tube is at 
atmospheric pressure. The absorptions, fto., are 
made in the same way as with the ordinary 
burette. 

8Uad*» apparntua consists (Fig. 44) of a 
graduated tube a, in 
which ail measurements 
are made, fitted with taps 
B and o, leading respec- 
tively to the aiisorption 
vessel and the sampling 
tube. The lower end of 
A is joined by means of a 
T-piece to the mercury 
reservoir x, and to the 
tube D, whn h is open to 
the atmosphere at h. 

The readings are taken 
under atmospheric pres- 
sure. The gas sample is 
collected either directly 
in the laboratory vessel o 
or in Stead’s sampling 
apparatus (Fig. 45). From 
eitner of those reservoirs 
a portion of the gas is 
introduced into the ap- 
paratus at c, and thence 
by opening b into the 
labomtory vessel o, which 
contains caustic potash solution standing over 
mercury. If the ga« consists practically of 
oarbon dioxide, caawm monoxide, and hvdr^en, 
it is then mixed with a known volame of oxygen, 
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and tbs mixitittt iparked by means of platinnni 
terminals fused into the upper part of the 
graduated tube a. 

The contraction is ascertained and the 
carbon dioxide produced is estimated, and from 
these data the amounts of carbon monoxide and 


hydKMen are determined. 

When other absorbable gases are present, 
then six absorption vessels are emploved, and 
these are carried on a turn-table, so that each 
in turn can be brought into contact with the 


measuring tube (Fig. 


In this modified form 


of the apparatus the eudiometer tube and each of 
the absorption vessels are fitted with a perfectly 
flat piece of plate glass perforated in the centre. 
These plates are lightly smeared with oil, and 
when communication is to be made between the 
eudiometer and the absorption vessel, those 
face plates are held together by a spring clip 
(Fig. 47). 

A further improvement consists in the use of 
the modided form of absorption vessel shown 
in Fig. in which the reagent is contained 
in a glass bottle closed by an indiarubher bung 
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oaiT;|ring a small glass stopper and a pipette 
f umisheil with a tap. 
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By means of these additions Stead's anparatu? 
can be used for the complete analysis of 


furnace and producer gasea aud other teohnieony 
important gaseous mixtures (J. See. C!hem. Ind. 
1889, 8, 178). 

The niiromeUr, originally devised by Lunge 
(Bcr. 1878, 11, 438) for the estimation of nitrogen 
oxides in oil of vitriol, is capable of being applied 
to gas analysis and a large number of other 
determinations. It consists (Fig. 49) of a 
burette, fitted at the top with a uiree-way tap 
and a cup-shaped funnel, and communicating at 
the bottom by means of oooutehouo tubing with 
a plain tube of the same diameter, which serves 
as a level-tube. When large quantities of gas 
have to be measured, the upper part of the 
burette is expanded into a bulb, and there is a 
similar bulb on the level-tube (Fig. 60). 

This apparatus is used with mercury, and 
is thus suitable for the analysis of gases soluble 
in water. It can be used in the same way 
as Hempel's burette, and for all purposes to 
which the latter is applicable. It may also be 
used without absorption pipettes, the reagent 
being introduced by means of the cup, but 
since the reagents cannot be removed without 
removing the gas, the latter method is only ap- 
plicable when the reagents do not interfere with 
each other — e.p. for the absorption of carbon 
dioxide by caustic ]>ota8h, followed by the absorp* 
tion of oxypon by alkaline pyrogallatc. 

The estiWtion of nitrogen oxides in solution 
in sulphuric acid is conducted in the following 
manner. The apparatus is filled with mercury, 
so that when the tap is open between the burette 
and the cup, and the level -tube is raised, the 
mercury just passes throucii the tap and stands 
at a heignt of about 2 in^es in the level-tube. 
The tap is then closed and 2-5 o.o. of the sul- 
phuric acid, according to the quantity of 
nitrogen oxides which it contains, is placed in 
the cup, the level- tube is lowered and tno tap is 
tuniod so that the acid is nearly all drawn into 
the burette without any air being admitted. To 
avoid measuring out small quantities (0*5-1 o.o.) 
of highly nitrated aoid, this liquid should be 
dilute with a known volume of pure concen- 
trated sulphiAio aoid, and 5 o.o. of this solution 
taken for analysis. The cup is rinsed with two 
BuoooBsive quantities of 2-3 o.o. of pure acid, 
which is drawn into the cup with the same 
precaution as before. The tap being closed, 
the burette is taken out of the clamp and 
agitated in such a manner that the liquid is 
brought thoroughly into contact with the first 
10 cm. or so of the mercury, which is broken 
up into bubbles. Nitric oxide is formed and 
collects in the upper part of the tube. When 
no more gas is given o£f, the levels are adjusted 
and the volume road off after the froth has 
subsided. In adjusting the levels the difiference 
between the specific cavity of the aoid and the 
mercury is allowed for by taking 6*5 mm. of 
aoid = 1 mm. of mercury. A sm^ quantity of 
acid is placed in the oup and the tap opened*: if 
the acid is drawn in the pressure in the burette 
was too low ; if gas escapes, the pressure was too 
high. It is better to err on the side of too low 
pressure, which is readily eoneeted by allowing 
acid to run in from the oup and taking another 
reading. 

In agitating, care should J>e taken that the 
drop of acid which ooUeots m the top of the 
burette just below the tap does not escape eon- 
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tMi wlUi the meroory, oiherwiw the rrsuK swill 
be too low. 

To prepare for another estimation, the level- 
tube is raised and the tap is opened so that all 
the acid and some of the mercury is driven into 
the oup, and the tap is then turned so that ^e 
acid runs out at the side. 

The nitrometer may be used for the valuation 
of nitrites and nitrates, which are introduced in 
the form of a concentrated aqueous solution, 
care being taken that the proportion of water to 
acid does not exceed 2 parts of aqueous solution 
to 3 parts of the strongest acid. It mav also be 
used for the estimation of nitrates and nitrites 
in potable waters, and in fact for almost any 
determinations in which a definite volume of 
gas is given ofif. For example, the estimation of 
carbonic acid ; of urea by hypobromite (the 
reading being increased by 9 p.c. to correct for 
solubility of the gas and incomplete decom- 
position); hydrogen peroxide by an acidified 
solution of potassium permanganate, or, tfiu 
versa, the value of a permanganate solution by 
means of hydrogen peroxide. &o. (See Lunge^ 
Ber. 1878, 11, 43fi; J. Soo. Chom. Ind. 1885. 
i, 417. and 1880, 6, 82; Zeitsoh. anal. Chem. 
25, 309 ; and the translation of Winkler's 
Technical Qas Analysis (1885); also Allen, 
J. Soo. Chem. Ind. 1885, 4, 178.) 

The gas-volumeter. Several of the estima- 
tions referred to in the preceding paragraph arc 
more conveniently carried out in the gas- 
volumeter devised "by Lunge, as in this apparatus 
the decomposi- 
tion can bo ef- 
fected in a sepa- 
rate vessel. The 
measuring tube ▲ 
and the reservoir 
o are converted 
by means of the 
T -piece d, with 
the so-called ' re- 
duction * tube B. 

At the outset 
the temperature 
and pressure are 
observed, and the 
volume occupied 
under these con- 
ditions by 100c. c. 
of dry (or moist) 
air measured at 
0* and 760 mm. 
is calculated. The 
reduction tube is 
filled with air to 
this volume, and 
the tan of the 
tube closed, or 
the end of the 
reduction tube 
may bo termi- 
oaM bv a capil- 
lary and sealed off after the volume has been 
correctly adjusted. A special tap for the reduc- 
tion tuM has been devised by Gockel (Zeitsoh. 
angew. Chem. 1900, 13, 961, 1238). If moist 
gaM are to be measured, a small drop of water 
m introduced into the r^uction tube; if dry 
gases are under examination, a drop of concen- 
trated sulphuric acid must be intmuced into 



Fig. 61. 


the It due lion tube. The formulie for ralr ulating 
the volume of gas in the reduction tube are as 
follows ; — 

where V. » volume of gas required ; 

Voa* normal volume (e.y. 100 o.o.) ; * 
t B observoil temperature ; 

B Bs obeerved barometric pressure ; 

/ » tension of water vapour at obswved 
temiicrature. 

When a decomposition by sodium hypo- 
bromite or hydrogen peroxide has been carried 
out in the auxiliary generating bottle, the gas 
evolved passes into the measuring tube a. 'The 
mercury in a and o are then adjusUnl to the 
same level, and the tap o closed, the gas being 
then at the atmosphere pressure. The throe 
tubes arc now adjusted so that the mercury in 
A and B are at the same level when the mercury 
in the latter tube stands at the 100 o.c. gradua- 
tion. The gases in A and B are at the same 
temperature and under the same pressure, and 
since the gas in B occupies the same volume as 
it would at 0* and 700 mm. pressure, it follows 
that the gas in a also occupies the same volume 
as it would ui;der tlio standard conditions. In 
this way, by the use of the gas-volun.ctcr, -all 
thrrmometno and barometrio readings and all 
reductions by calculations or special tables are 
avoided ; for the volume of gas is read off 
directly under conditions corresponding to the 
normal pressure and temperature. It is, how- 
ever, essential that the reduction tube should 
be arranged for dry or moist gases according to 
the nature of the analytical operation involved 
(v. Lunge, Ber. 1890, 23, 440; 1891, 24, 729; 
1892, 25. 3157 ; Zoitsch. angew. Chem. 1890, 3, 
129; 1891,4, 197,410; 1892,5, 677; J. Soo. 
Chom. Ind. 1890, 9, 547. Cf. Gruskiewioz, 
Zeitsch. anal. Chem. 1904, 43, 85). 

In addition to the hypobromite and hydrogen 
peroxide decompositions, Lunge and Maruh- 
fewski have adapted the gas-volumeter to the 
estimation of carbon dioxide in natural car- 
bonates, Portland cement, and other mineral 
substances, and also to the determination of 
carbon in iron and steel (Zeitsch. angew. Chom. 
1891. 4, 229 ; 1803, 6, 305 ; J. Soo. Chom. Ind. 
1801, 10, 658). Q. T. M. 

Elkctbochemioal Abalysis. 

The first suggestion to apply the eloctrio 
current to the deposition of metals was made 
bv Ouickshank in 1801 (Nicholson’s Journal of 
Nat. Phil. 1801, 4, 254). He noticed that metals 
were deposited from acid or alkaline solutions 
of their salts at the negative pole, and that the 
metal went into solution at the positive polo. 
He therefore suggested that the eloctrio current 
might thus be used as an aid to analysis, mf- 
ticularly for depositing lead, copper, and silvi r. 

In 1812 FiseW suggested its use for detecting 
small quantities of arsenic (Gilbert’s An^alcn, 
42, 92). In 1840 Cozzi (Aroh. delle Soience 
m^. ^ 50, ii. 208) employed the galvanic 
current (produced by plates of gold and sine 
connected together by a wire) to asoertam 
whether organic fluids, such as milk, oontained 
metaUio impurities. Gaultier de CSaubry (J. 
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Pliaim Chim. iii. 11 , 126) applied it to detect 
small oimntities of arsenio in animal fluids. In 
186^1, Blozam (Quart. Joum. Ghem. Soo. 13, 
12/338) described an electrolytic method for 
detcotii^ arsenio and antimony. Becquerel 
(Ann. (£im. Phya 1830, 43, 380) found that 
manganese and lead were readily oxidised, and 
appeared as oxides on the anode. 

All these workers appear to have merely 
used the oleotrio current as an aid to qualitative 
analysis. Wolcott Gibbs (Zeitsch. A^. Chem. 
3, 3.34), in 1804, showed that copper, nickel, 
zinc, lead, and manganese might be quautita* 
lively determined by means of the electric 
current. Lucknow (Dingl. Poly. J. 1865, 177, 
231, and 178, 42), from 1800, had employed 
electrolytic methods for the quantitative 
analysis of copper salts and for commercial 
copper. £Vom this time forward many workers 
entered the field, and about 1880 Edgar Smith 
in America, and Classen in Germany, very 
much advanced the subject of electro-analysis, 
and to-day it is one of the most useful helps to 
the analytical chemist. 

Before dealing with the methods of deposition 
and separation of the metals, it will bo well to 
describe the apparatus used ; but only the 
apparatus most generally employed will be 
dealt with. 

•Classen first suggested the employment of a 
platinum basin as cathode and a platinum disc 
as anode. A convenient stand for holding the 
basin, and a method of connecting with the 
source of current, are shown in Fig. 52. The basin 

+ should hold from 
150 tol80c.o.of 
solution. The 
inner surface of 
the basin should 
be roughened by 
the sand blast, as 
this causes better 
adherence of the 
deposit, esijeci- 
ally in the case 
of peroxides such 
as lead and man- 
ganese. The base 
of the stand is of 
slate or marble, 
and the brass rod 
which conveys 
the — current is 
hollow; through 
this brass rod an 
insulated wire for 
carrying the -f- 
current passes, 
and is connected 
at the top of the 

— rod by means of 

IfiQ. o^. a piece of ebonite. 

The ring which supports the basin has three little 
platinum points at equal intervals on its oircum- 
lerenoe ; on these the basin rests, thus ensuring 
good^ contact. The positive pole of the 
source of ourrent is oonneotedwith the binding- 
screw fixed to the slate base, and the 
negative pole with the * binding - screw 
marked — . In dealing with metals which 
deposit as oxides on the positive pole the 
basin is connected with the -f- pole. 




Another useful form of electrode is illus- 
trated in Fig. 63. The anode is a stout 
spiral of platinum and 
the cathode is a cylinder 
of platinum gauze. This"^ 
form of electrode can be 
employed either for station- 
s' work or for rapid depo- 
sition work when the anode 
is rotated. The vessel in 
which the electrolysis takes 
place may either be a 
oeaker or, bettor, a funnel 
with a tap such as is illus- 
trated in Fig. 67. 

For stationary work the 
Flag electrode of F. Moll- 
wo Perkin (Fig. 64) gives 
very satisfactory results. 

The cathode consists of 
a small sheet of stout 
platinum gauze, autogenous- 
ly fastened on to a rigid plati- 
num-iridium frame, both 

Fig. 6.3. 


ened by the sand blast. 

The wire holds the electrode in position during 
the analysis. The loop near the top of the wire 
serves to hang the electrode on the balance. 
'I'he anode is 
made of plati- 
num wire, and 
is bent upon 
itself in such a 
way that when 
it is placed iji 
position foi 
electrolysis, a.s 
illustrated in 
Fig. 66, an even 
density is ob- 
tained on all 
parts of the 
cathode. 

It has been 
found that the 
rate of deposi- 
tion of metals 
from their solu- 
tions is very much increased and higher ourrent 
densities can be employed when either the 
anode or cathode is rapidly rotated. Frary 
(Zeit. f. Elektroohem. 1907, 308) has also shown 
that excellent results can be obtained by electro- 
lysing with. stationary electrodes, but causing 
agitation of the electrolyte by placing the whole 
apparatus in the field of a poweiiul electro- 
magnet. The forma of the apparatus are 
depicted in Fi^. 66. From the figure it is seen 
that the solution is contained in a beaker b, in 
which is a cylindrical platinum gauze cathode o 
and a heavy platinum wire as anode a. The 
beaker is placed in the centre of a spool made 
from insulated copper wire x. By passing an 
electric current through the copper wire of the 
spool, a powerful magnetic field is produced, in 
the centre of which the beaker stands. If now a 
cuizent be passed through the electrolyte by 
means of the electrodes, the electric lines of force 
are cut at right angles by the magnetic lines of 
force, and this p^uces a tenctency for the 
solution to rotate, owing to the vertical magnetio 
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field and radial current lines. The speed of 
rotation depends upon the ratio between the 
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Fig. 66. 

the use and applications of 


electric current and the magnetic current. With 
an electrolys- 
I 'f ing current of 

||a from 0 to 7 

amperes, Frary 
was able to 
deposit 0-850 
gram copper 
in 15 minutes. 
The other 
^form, illus- 
trated in Fig. 
57, is for 
electrolysing 
with a mer- 
cury cathode, 
which will be 
described later. 
The electrolys- 
ing vessel is 
ring-shaped, so 
that it may fit 
into a hole cut 
into the pole d 
of the magnet. 
An iron rod 
passes from the 
other pole up 
into the centre 
of the electro- 
lysing vessel. A 
is the anode 
and c the ca- 
thode. Ex- 
tremely rapid 
rotation is thus 
produced, be- 
cause the iron 
core very much 
facilitates the 
current, there 
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passage of the magnetio 


being a radial field with vertical cuirent 
lines. 

The advainMes claimed for this method 
are: rapidity of deposition, and, as there are 
no mechanical parts which require lubrication, 
there is no chance of contamination i^m oil, 
or grease accidentally falling into the solu- 
tion. As a matter of fact, however, rapid 
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methods of electrolysis are more frequently 
carried out by means of a rotating anode or 
cathode. 

Gooch and Medway (Amer. J. Sci. 15, 320) 
use a rotating cathode. It is made from a 
platinum crucible of about 20 c.o. capacity. 
The crucible is attached to the shaft of the 
electromotor, which is used to rotate it at 
a speed of from 600 to 800 revolutions per 
minute by fitting it over a rubber stopper 
with a central bore, into which the end of 
the shaft fits tightly. In order to make 
electrical connection between the crucible 
and the shaft of the motor, a narrow strip 
of sheet platinum is soldered to the shaft 
and bent upwards along the sides of the 
stopper. Tnis connects the shaft with the 
inside of the crucible when the latter is 
pressed over the stopper. The anode con- 
sists of a half cylinder of sheet platinum. 

Fig. 58 represents the arrangement of the 
apparatus when fitted together. 

F. Mollwo Perkin and W. E. Hughes ^ 
(Trans. Faraday Soc. 1910, 14) useaneleo- 
trode of sheet platinum spun up so as to ^ ^ 
form a narrow thimble (Fig. 59), the upper end 1 m- 
ing open and having a stout iridio-platinum wire 
fused on to it by means of three short wire sup- 
ports. This electrode is fixed into a small chuck 
and rapidly rotated by means of an electromotor, 
the speed of rotation usually being from 750 to 
950 revolutions per miAute. When in use, about 
two-thirds of the length of the thimble is dipped 
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into the electrolyte, the active surface being about 
16*3 BO. cm. 1! dipped too doeplu into the solu- 
tion, tnero is a tendency for the liquid to splash 
into the interior of the cylinder, and this would, 
of course, lead to erroneous results. The anode 
consists of a platinum cylinder of fine mesh. 
It is, however, frequently more satisfactory to 
employ a rotating anode and a stationary 
oatnode, and for this purpose the gauze anode 
is employed as cathode, and the anode consists 
of a spiral of stout iridio-platinum wire. The 
simplest arrangement is illustrated in Fig. 63. 
The electrolysing vessel consists of a tap funnel 
which, when the electrodes are covered, holds 
about 60 to 70 c.o. of solution. The advantage 
of this form of electrolysing vessel is the ease 
with which the electrolyte can be removed on 
the completion of the electrolysis and the 
electrodes washed. The method of procedure 
is to place a beaker beneath the tap and draw 
off the solution until about half of it has run in. 
Distilled water is then run up to the original 
mark and the solution drawn off as bmore. 
The operation is repeated until the ammeter 
noodle sinks to zero. The remaining water is 
run off, the tap closed, and the funnel filled with 
pure methylated spirit. This is run off, and, 
after a final washing with absolute alcohol, 
carried out in the same manner, the electrodes 
are removed and the cathode dried in the steam 
oven. 

Another form of rotating cathode devised by 
Perkin is illustrated in Fig. 60. The cathode 
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oonsisti of a cylinder of platinum gauze. The 
anode is in the form of a double circle of stout 
platinum wire, and has four small baffle plates 
so placed as to prevent it from rotating with the 
oawode. 

In order to rotate the anode (or cathode), 
it is fixed into a small chuck fastened on to the 
end of the spindle of a bicycle hub. The barrel 
of the hub has an arm fastened into it which 
can be clamped to any suitable support. The 
upper end of the spindlo has a sheaf of pulleys 
fastened to it, so that it can be rotated by means 


of a belt^from a motor and different speeds be 
obtained.’ It is found that the current passes 
very well through 
the barrel of tne 
hub and the balls, 
which are lubri- 
cated with oil and 
graphite, to the 
spindle, and so to 
the electrode. 
When it is desired 
to obviate all drop 
in potential, e.g. 
if the apparatus is 
to be used for 
graded potentials, 
then a mercury 
cup is fastened on 
to the top of the 
spindle so that 
the current passes 
directly to the 
spindle. 

The i^para- 
tus of H. J. 
Sand (Trans. 
C h e m. S o c. 
1907, xvi. i. 
373) is rather 
more c o m - 
equally satisfactory 



plicated, 
results. 

The special object in 


the design of this 



electrode was to produce an apparatus which 
could be satisfactorily employed for the 
separation of metals by graded potentials. 
It consists of a pair ox platinum gauze 



ANALYSia 


913 


electrodes (Ftt. 61), an inner rotating elec- 
trode A, and an outer electrode b. Tlie 
two are kept in position relatively to each 
other by means of a glass tube, which is 
slipped through the collar and the ring of the 
outer electrode b. It is gripped firmly by 
the former, but passes loosely through the 
latter. The hollow iiidio-platinum stem a 
of the inner electrode is passed through the 
glass tube, in which it rotate freely. The mesh 
of the gauze is 14* per sq. cm. The gauze 
of the outer electrode almost completely stops 
the rotation of the liquid. The electrolyte is, 
therefore, ejected rapidly from the centre of 
the inner electrode by centrifugal force, and is 
continually replaced by liquid drawn in from 
tlie top and the bottom. So great is the suction 
thus produced, that when the electrode is moving 
rapi^y, chips of wood or paper placed in the 
solution are drawn down to the top of the 
outer electrode. The circulation is practicallv 
independent of the size of the beaker employed. 
As the outer electrode surrounds the inner 
completely, the lines of 6ow of the current are 
contoined between the two, and even when 
stron'; currents are employed, the potential 
of the electrolyte anywheie outside the outer 
electrode is practically the same as that of the 
layer of liquid in immediate contact with it. 
Fig. 62 shows the apparatus with stand and 
motor in work- 
ing order. Be- 
fore the method 
adopted for elec- 
trolysing by 
means of graded 
potential is dis- 
cussed, the mer- 
cury cathode de- 
vised by Smith 
and Howard will 
be described. 

WolcottGibbs, 
in 1880, first sug- 
gested the use of 
metalljo mercury 
as cathode, a 
definite amount 
being weighed 
into a beaker, 
where it was con- 
nected by means 
of platinum wire 
with the nega- 
tive pole of a 
battel^. Various 
metallic salt 
solutions were 
experimented 
upon, and, in 
1883 (Amer. 
Chem. J.13,671), 
Gibbs stated 
that * It was found possible to separate iron, 
cobalt, nickel, zinc, cadmium, and copper so 
oompletely from solutions of the respective 
sulphates that no traoe of metal could be 
detected in the respective liquida* Gibbs had 
in view not onlv the determination of the 
meta]a» but also o! the anion left in the solution 
by titrati<ML 

In 1886 Luckow (Chem. Zeit. 9, 338, and 
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1 Zeitsoh. anal. Chem. 26, li;^) suggested t'.eaddi- 
I tionof a known weight of a solution of a mercury 
I salt to a solution of zinc sulphate, and so to 
deposit zinc and mercury simultaneously. 
In 1891 Vortman (Bcr. 24, 2749) suggested a 
similar method, and employed it in too deter- 
mination of several metals. Drown and 
McKenna (Amer. Chem. J. 5, 627} further worked 
at the subject, using an apparatus somewh.it 
similar to Wolcott' Gibbs, that is to say, an 
aotual mercury cathode, but the process was 
first successfully worked out by Edgar Smith 
and his collaTOrators (J. Amer. Chem. Sue. 
26, 886). The apparatus employed consists 
of a small tube or beaker of about 60 o.c. 
capacity, close to the bottom of w'hich a 
thin platinum wire is introduced bv means of 
which the current is supplied to the mercury 
cathode (Fig. 63). 

The external part of the platinum wire 
touches a disc of sheet copper on which the 
beaker rests, and which is connected with the 
negative source of the current. 

The anode is either a perforated disc of 
platinum or a stout spiral of platinum wire. 
During the electrolysis the anode is rapidly 
rotated by means of an electromotor or watci 
turbine. 

The chief difficulty in using the mercury 
cathode is the trouble experienced in washing 
and drying it. The solution left at the end ol 
the eleotrmysis is siphoned off, and at the same 
time distilled water is run in until the needle of 
the ammeter drops to zero. Then, and not till 
then, the current is switched off. The inside of 
the beaker and the amalgam are rinsed with 
alcohol three times, and finally with dry ether. 
It is advantageous, in order to drive out 
thoroughly the last traces of ether, to blow dry 
air into the beaker for a few minutes. After 
standing for half an hour, the apparatus is ready 
for weighing. F. M. Perkin (Trans. Faraday 
Soc. 1010, 14) uses a small quartz beaker as 
containing vessel, with an iridium wire fused 
into it to make contact with the mercury. The 
advantage of iridium is that it does not amalga- 
mate with the mercury. An advantage of the 
quartz vessel U that it can be heated to redness 
for purposes of cleansing. 'I'lie apparatus is 
illustrated in Fig. 04. It will be noticed that a 
siphon tube is fused 
into one side of the 
beaker. The layer of 
mercury must not be 
sufficient in quantity 
to close the side tube. 

A spiral iridio-plati- 
num anode is em- 
ployed. When the 
electrolysis is finished, 
a piece of rubber tube 
is fastened to the 
bent end of the 8ii>hon. 

Distilled water is 
added so that the 
solution begins to 
siphon over into a 
beaker placed below 
the rubber tube. In 
order to work with 
as small a quantity of water as possible and in 
oases where the solution is required again, €,g. 
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in metftl MpftrfttionSf tho solution is allowod 
to run out until ito level drops almost to the 
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end of the anode. Fresh water is then run in, 
and the ojperation repeated until the ammeter 
needle ponits to zero. For purposes of steadi- 


Battery 


Rheostat 
y^A^AA^A/ yAAAAA AW^ 
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Electrometer 


ness the vessel is held between olips on a copper 

By means of tho mercury 
cathode not only can the cations 
be rapidly and accurately deter- 
mined, but also the anions re- 
maining in the solution. 

Various substitutes for plati- 
num electrodes in electro-ana- 
lysis have been suggested {aet 
Nicolardot and Boudet, Bull. 
Soc. chim. 1918, [iv.] 23, 387), 
€,g. gold, gold-platinum alloys, 
copper, and certain proprietary 
iron-alloys. An alloy of gold (7) 
and platinum (1) serves well in 
all circumstances for cathodes. 
As anodes such electrodes are 
less satisfactory and must not 
be used for the anodic deposition 
^ of lead, nor with cyanide eleo- 

Fio. 87. trolytes, unless electro-plated 
with platinum. In ammoniaoal solution such 
eleotiodes acquire a light brown colour, and | 



increase slightly in weight, but return to 
their original weight and appearance when 
heated to 300° (An^yst, 1919, 38). 

Method of Qraded Potential. 

Each metal has a particular potential at 
which it begins to be deposited; below this 
potential it is not possible to deposit the metal. 
It follows, therefore, that when dealing with a 
solution containing the salts of two or more 
metc^ it will be possible, provided the deposition 
potentials of the metals do not lie too near 
together, to deposit the metals separately, by first 
working with the lowest potential at which one of 
the metals will be deposited. When this metol 
has been deposited the next one in the potential 
series will be deposited by raising the potential; 

This method of analysis was suggested by 
Kiliani in 1883, and was further elaborated by 
Freudenberg working in Ostwald's laboratory 
(Zeit. phymkal. Chem. 12, 97). But it was 
H. J. S. Band (Trans. Chem. Soc. 1907, 373) 
who first worked out the method and us^ the 
apparatus with the rotating cathode already 
mentioned. The potential is kept at constant 
value by means oi an auxiliary eleclrode. Such 
an auxilia^' electrode, designed by Sand, is 
illustrated in Fig. 65. It is a mercury-mercurous 
sulphate 2y-Bulphurio acid electrode. The 
distinctive feature of the electrode is in the funnel 
r, and connecting glass tube ab. The two-way 
tap allows the funnel r 
to be connected with 
either limb of the glass 
tube AB, or closes all parts 
from each other. The 
limb A permanently con- 
tains the 2^-sulphurio 
acid solution of the elec- 
trode. But the limb b 
is filled for each experi- 

Cathode funnel v 

with a suitable connect- 
ing liquid, generally 
sodium sulphate solution. 
The end oi b is made of 
thin tube of about 1 mm. 
bore, and is bout round 
several times to minimise convection. While 
the electrode is in use, the tap, which must 
be kept free from grease, is closed, the film 
of liquid held round the barrel by capillary 
attraction, making the electrical connection, 
but towaids the end of a determination, a few 
drops are run out in order to expel any salt 
which may have diffused into the tube. 

Electrical connections . — ^For separations by 
graded potential the electrical connections must 
be ma^ as shown in Fig. 66 a and h. The 
batteiy is connected directly to the two ends of 
a sliding rheostat, the electrolytic cell to one 
of them and the slider. It is essential that 
the sliding contact should be good. The 
arrangement adopted for the measurement of 
the potential-difference auziliaiy electrode- 
cathode is one which has been frequently em- 
ployed in electro-chemical research. The elec- 
tromotive force to be measured is balanced 
against a known electromotive force by means 
of a capillary electrometer. The known electro- 
motive force is drawn from a slidmg rheostat, 
the enda of which axe oonneoted vdth one or 
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two di^ odlfl. The velue of the E.M.F. is 
read duectly on a delicate voltmeter (range 
1*6 volte). For ^tential differencea greater 
than 1*5 volte, a Helmholtz 1-volt instrument 
may be interposed between the auxiliary elec- 
trode and &e rheostat. The anangement 
allows the voltage to be measured almost 
instantaneously, which is a matter of great 
importance. 

To oar:^ out an experiment, the cathode, 
anode, and auxiliary electrode are placed in 
position, the eleotrol^ is heated to the required 
temperature and covered with a set of olook- 
glasiUs having suitable openings for the elec- 
trodes. For the purpose of a separation, the 
current is usually started at about 3-4 amperes, 
and the potential of the auxiliary electrode 
noted. As a rule, this is only slightly above the 
equilibrium potential. The current is then 
regulated so that the potential of the electrode 
may remain constant. When no side-reactions 
take place, the current falls to a small residual 
value (generally about 0*2 ampere), as the metal 
to be separate disappears from the solution. 
The auxiliary electrode is then allowed to rise 
0*1 -0*2 volt, according to the metal. 

It is obviouslv a matter of great importance 
to know when all the metal has been deposited. 
Under the conditions just assumed, the amount 
deposited per unit of time may be taken as 
roughly proportional to the amount still in solu- 
tion. This being so, it follows that the amount 
in solution will decrease in geometrical ratio 
during successive equal intervals of time. If 
we, therefore, make the safe assumption that 
the concentration of the metal has fallen to 
under 1 p.o. of its original value in the time 
during which the potential and the current have 
been brought to their final value, it is clear 
that by continuing the experiment half as long 
again, the concentration of the metal will fsdl 
to under 0*1 p.c., so that the deposition can be 
considered finished. 

In cases where side-reactions occur, the 
current does not fall to zero, but it generally 
attains a constant value which allows it to be 
seen when all the metal has been removed. In 
certain cases this can be tested for chemically, 
and by continuing the experiment for about 
half as long again as this reaction demands, the 
metal may be safely assumed to have been I 
deposited completely. This method may be I 
adopted, for example, in the separation oi lead 
from cadmium, the former being roughly tested 
for by sulphuric acid. If none of these methods 
is available, the metal must be deposited to 
constant weight, or else the separation must be 
earned out under very carefully defined con- 
ditions for a length of time proved by previous 
experiment to be more than sufficient. 

Sand has simplified the apparatus necessary 
for the potential measurements by fitting all the 
apparatus required for the measurement of the 
electrode potential into a single box. Full par- 
ticulars will be found in Trans. Faraday Soo. 
1909, 162. 

F. M. Perkin uses the apparatus depicted in 
Fig. 67 for working with gradi^ potentials. The 
vessel containing the electrolyte has a tube 
fnsed into the side. Into thu side tube the 
oapillaiy end of the auxiliary electrode is 
fnawtedL 


CLASSinCATIOX OW THS MXTALS FOB ElBOTBO- 
AXALYTIOAL PUBFOSBB 

Most metals can be dep<^ted satisfactorily at 
the cathode, particularly since the introduction 
of the mercury cathode and of the graded poten- 
tial methods. Theoretically, by grading the 
potential, it should be possible to sepmte any 
one metal from anotW. Indeed, in many 
.oases, this can be done, but there are oases in 
which the potential differences at which two 
metals can be deposited, that is to say, the 
minimum potential at which they will both be 
deposited, lie so close together that it is not 
possible to so adjust the conditions that a 
separation can be effected. 

Qboup I. — Copper, silver, mercury, gold, 
palladium, rhodium, platinum, iridium, bismuth, 
antimony, tin, (arsenic), tellurium. These 
metab are more electronegative than the 
hydrogen electrode, and, consequently, can 
theoretically be deposited quantitatively from 
acid solutions. 

Gboup II. — Cadmium, zinc, and indium. 
These metals are more electropositive than 
hydrogen, but, owing to the supertension of 
the hydrogen evolution in acid solution, it is 
actually possible to deposit them from weak 
acid solutions. 

Group III. — Iron, nickel, cobalt. These 
metals are more electropositive than hydrogen, 
but, as the supertension of hydrosen is very 
low, these metals cannot be depositea completely 
from acid solutions. They can, however, be 
deposited from acid solutions if a mercury 
cathode is employed. 

Group IV.-— The metals of this group can 
either be deposited as oxides at the anode, or 
as oxides at the cathode. The group comprises 
the followinj; metals: lead, thallium, manga- 
nese, chromium, molybdenum, uranium. Some 
of them can, however, be satisfactorily deposited 
as an amalmm on a mercury cathode. 

Group V. — ^The metals of this group are the 
most strongly electropositive, and can only be 
deposited by using a cathode of mercury ; but 
even then it is not possible in all oases to obtain 
a quantitative separation. The metals of this 
group are aluminium, gluoinum, calcium, 
strontium, barium, magnesium, potassium, 
sodium, lithium, rubidium, osssium. 

Group VI. — ^These are all anions, and their 
estimation has been rendered possible mainly 
through the work of Eduar Smith, who com- 
pletely deposits the metals by means of a mercury 
cathode and estimates the anions by titration or 
other appropriate method. The most inmortant 
anions analysed by this method are F, 01', Bri, 
r. SO4", CO,", Fe(CN),"", Fe(CN),'", PO4'", 
NO,'. 

it has not been found possible to analyse 
organic ^ons by electrolytic methods, because 
they are either decomposed or various reactions 
more or less complicated take place. Thus, 
for example, when the acetate anion is given up 
at the anode, ethane is produced, which, of 
course, is given off in the form of a gas. 

Nature of Deposit. 

Sand (Trans. Chem. Soo. 1907, 383) has 
theoretically and practically worked out the 
conditions necessary for obtaining adherent metal 
deposits. 
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The production 'of a uniform deposit over 
the eieotro^ depends entirely utoii the relation 
between polarisation and tbo E.M.F. required 
aooording to Ohm’s law to force the current from 
one part of the solution to the other l[Zeitech. 
Blektroohem. 1904, 462). The case of metals 
such as cadmium and zinc, which require a 
higher potential for their precipitation from 
most of their solutions than hydrogen, is a 
question of supertension. The metals can 
only be deposited by virtue of the super- 
tension which is required to liberate hydrogen 
as a ^as. This supertension varies with the 
material of the electrode, and may even vary 
at different parts of the same electrode, owing 
to different states of its surface. Consequently, 
it may happen that the metal is deposits 
on a portion of the electrode which has a high 
supertension, and will continue to grow there ; 
but at rougher parts of the electrode, where 
the supertension is lower, hydrogen alone 
will be evolved. This is, for examt>le, particu- 
larly noticeable in the case of zinc, which, 
instead of being evenly deposited over the 
surface of an ^eotrode, apparentlj^ perfectly 
smooth and even, often comes out in patches, 
parts of the electrode being absolutely free from 
deposit. Some solutions also of the same metal 
appear to be more sensitive to variations in 
the quality and character of the electrode than 
others. Thus with ordinary electrodes when 
the potential is not graded, it is a matter of the 
greitest difficulty to obtain an adherent deposit 
of copper when the electrolvto is sulphuric acid. 
On the other lumd, with electrolytes of potas- 
sium cyanide or nitric acid, an oven deposit is 
readily produced. 

The nature of the deposit . — Electrolytic de- 
posits may be spongy, coarsely crystalline, or 
finely crystalline. The last is the only form 
in which metals may be deposited in order to 
yield satisfactorv quantitative results. Sand 
considers (f.c.) that spongy deposits are most 
probably due to the metal being deposited in 
the form of an unstable hydride, which gradually 
decomposes with evolution of gas. 

The difficulty of hydride formation is got 
over by keeping the potential of the electrode 
under control. Vigorous stirring of the elec- 
trolyte, small current density, and the presence 
of some oxidising agent, tend to keep the 
potential low. But, by using an auxiliary 
electrode and rapid rotation, it is possible to 
obtain metals from solutions from which, under 
ordinary circumstances, they cannot be de- 
posited. 

Copper. 

Copper may readily be deposited from solu- 
tions which contain considerable quantities of 
nitric or sulphuric acid. But good deposits can 
cJso be obtained from cyanide solutions, and it 
is possible to employ solutions containing an 
excess of ammonia. 

The solutions which give the best results are 
those containing nitric acid or potassium cyanide. 
Indeed,^ it is a matter of consideraUe difficulty 
to obt^ satisfactory results in presence of free 
sulphuric acid, excepti^ when a mercury 
cathode is employed. Irar stationary work, 
either the gauze flag electrode or the cylindrical 
gauze electrode is to be recommended. 

Nitric acid , — About 1 gram of the copper 


salt is dissolved in about 140 c.o. of water and 
5>10 0 . 0 . of nitric acid (sp.«. 1*42) added to 
the solution ; that'is, from 8 to 10 p.a of the 
acid. If the flag electrode is employw, usuallv 
about 120 0 . 0 . of water is sufficient, in which 
case proportionately less nitric acid must be 
used. The solution may either be electrolysed 
at ordinary atmospheric temperature, or heated 
from in the latter case the time 

required for the complete deposition of the 
metal is considerably lessened. The best C.B. 
to cn^loy is from 0*8 to 1-2 amperes, when the 
E.M.F. will be from 1 to 2*8 volts. A bright 
red film will be seen to flash across the cathode 
almost immediately the circuit is completed. 
In cold solutions, from 2^ to 3 hours will be 
required to completely deposit the metal ; with 
hot solutions the rate of deposition is consider- 
ably accelerated. To ascertain when the whole 
of the copper has been deposited, withdraw 
about 1 0 . 0 . of the solution by means of a pipette, 
transfer to a test-tube, make alkaline with 
ammonia, then acid with acetic acid, and add 
a few drops of potassium ferrocyanide ; the 
formation of a brown precipitate or colouration 
shows that there is still some copper left in the 
solution, in which case, of course, it is necessary 
to continue the electrolysis until, on further 
testmg with the reagent, no colouration is 
produced. 

If the electrolysis is run overnight there is a 
tendency to form nitrous acid owing to cathodic 
reduction. In such cases a small quantity of 
urea should be added and the electrolysis con- 
tinued for about half an hour. Otherwise a 
portion of the copper remains in solution. The 
urea decomposes the nitrous acid. 

Washing the deposit, — Aa the electrolyte con- 
tains an excess of free nitric acid in which the 
copper deposit is readily soluble, the washing 
has to be carried out with caution. Some 
workers prefer to siphon off the electrolyte with- 
out breaking the circuit, and to run in water at 
the same time, until the ammeter points to zero. 
'J'he current is then cut off and the cathode 
removed, finally washed with distUled water and 
dipped into a beaker of absolute alcohol. It 
is then dried in the steam oven, and, after cooling 
for^ 20 minutes, weighed. When the gauze 
cylindrical electrode is used, a stoppered funnel 
as illustrated in Fig. 67 is very convenient. 

The solution is drawn off until only about one 
quarter of the electrode is immersed. Distilled 
water is then run in, and the operations repeated 
until the ammeter shows zero. By operating 
rapidly, the cathode may be removed, and, u 
dipi^ at once into a bewer of water and then 
wasned under the tap or in several changes 
of water and then In alcohol, absolutely accurate 
results can be obtained. 

The deposit obtained from nitric acid is 
bright red, and generally has a more or less 
crystalline appearance. If the C.D. has been 
too high, it may be ^ burnt,* and have a brown- 
ish appearance, and may he powdery and non- 
adherent. When it is desired to electrolyse 
over-night — and this is often found very con- 
venient— a C.D. of from 0*2 to 0*3 of an ampere 
is used. It is generally advisable in this case 
to add more nitoic acid, because, owing to the 
reducing action of the hydrogen liberated at the 
cathode, the nitric acid becomes converted into 
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Ammonift. This fonuA^lon of ammonia causes 
the deposit to be spongy and of a bad odour, 
trhen it is difficult to wash and weigh. For run- 
ning over-night about 2 c.o. extra of nitric aoid 
should be added for every 100 o.e. of solution. 

The deposits obtained with sulphuric add 
are generally not satisfactory, but of all the 
copper deposits that obtains from solutions 
containing potassium cyanide is the moat 
beautiful. 

Potaasium cyanide , — The colour of the 
deposited metal is pinkish red, and perfectly 
smooth. But, from other pomts of view, the 
deposition from cyanide solutions has no 
advantage over the dejMsits obtained from 
solutions containing nitric acid. The copper 
salt is dissolved in about 30 or 40 o.o. of dis- 
tilled water, and then a freshly prepared solution 
of jiotassium cyanide added, until the precipi- 
tate first produced is dissolved. Slightly more 
potassium cyanide than is necessary to dis- 
solve the precipitate should be used, but any 
considerable excess must be avoided. Generally 
speaking, from 1 to 1*5 grams of potassium 
cyanide should be used for every gram of copper 
salt taken. 

The C.D. ei^loyed should be from 0*8 to 
1*2 amperes, llie E.M.F. required in cold 
solutions Avill be found to be about 5-6 volts ; 
in warm solutions, from 4 to 5 volts. The whole 
of the copper is deposited in 2 to 2} hours. 

Rapid methoda , — By employing rotating 
electrodes, either rotating anode or cathode, 
copper may be completely deposited in a few 
minutes. Thus Sand, by using his apparatus, 
was able to complotelv deposit the copper from 
0*25 gram copper sulphate in 6 minutes, the 
number of revolutions of the anode per minute 
being about 800 ; in that of Fischer the copper 
from 0*3 gram copper sulphate was deposited 
in 10 minutes, the speed of revolution being 
1000 to 1200. In the one case a rotating anode 
was employed and in the other the cathode was 
rotated. Ihe electrolyte in both cases contained 
free nitric acid. Qyanide solu tions give, however, 
equally satisfactory results. 

Edgar Smith, by employing a rotating anode 
and mercury cathode, has deposited quantita- 
tively 0*789 gram of copper in 10 minutos, and as 
muon as 0*3M5 gran^per 4 minutes, the solutions 
containing sulfuric acid. The advantage of 
the mercury cathode is that almost any electro- 
can be employed equally sati^actorily. 
Indeed, the pure salt of the metal may be 
dissolved in water and electrolysed without the 
addition of any acid or other electrolyte. When 
the whole of the metal has been deposited, the 
solution is run off, and may then be titrated in 
order to determine the anion, €,g, SO/' . 

Silver. 

Silver can best be deposited from solutions 
containing potassium cyanide. From solutions 
containing other electrolytes it is apt to be de- 
posited in a crystaUine feathery form, and conse- 
quently does not adhere well to the cathode. 
There is, however, a tendency for the results 
to be slightly too low when cyanide solutions 
are emidoyed. It is very important that only 
the purest potassium cyanide be used in making 
up we solutions. For 0*5 gram of a silver salt 
about 3-4 grams of potassium cyanide will 
usually be found sufficient. With a C.D. of 0*5 


to 1*0 ampere, sad a temperaturo of 50^-60”, 
the silver 1^ deposited m from 1 to 2 home. 
Using a cold solution and with a O.D. of from 
0*2 to 0*35 ampere, the time required is from 
4 to 4*6 hours. The deposit should either be 
washed by siphoning, or the electrode must be 
very rapimy remove from the electrolyte and 
dipped into water, in order to avoid loss by the 
solvent action of the potassium cyanide. 

With rotating electrodes the silver can be 
deposited within a few minutes. By using an 
auxiliary electrode and rotating the anode 
vigorously. Sand was able to deport silver from 
ammoniaofd solutions in 7 to 8 minutes. 

Smith, by using a mercury cathode and 
rapidly rotating anode deposited 0*2240 gram of 
silver from silver nitrate in 4 minutes. At the 
commencement of the operation an anodic 
deposit of silver peroxide was obtained, but 
after a minute or two this disappeared. 

Mercury. 

Many methods have been devised for pre- 
cipitating mercury on platinum cathodes, and 
some of them give quite satisfactory results. 
When mercury is deposited on a platinum dish, 
or on a wire gauze riectrode, it spreads evenly 
over the surface as a thin metallic film, which, 
however, is inclined to run together as the 
amount of mercury on the electrode increases 
in quantity After the mercui^ has been 
deposited, the electrode is washed with water 
in the usual way, then in absolute alcohol, and 
finally in absolute ether. The last traces of 
ether may be removed by blowing dry air on 
to the electrode. 

On no account may the mercury-coated 
electrode be heated. If the electrode is washed 
once in 90 p.c. alcohol, and then placed in a 
beaker of anhydrous acetone for a minute, it 
may then be dried without using ether. It is 
always advisable, before weighing, to place the 
electrode in a desiccator for 20 minutos. ^e 
desiccator should have a dish in it containing a 
little metallic mercury, because even at or^nary 
temperatures mercury volatilises to a small 
but appreciable extent. 

The mercury can be removed from the 
electrode by heating in the Bunsen flame, but 
owing to the tendency for eleotrolytioally 
deposited mercury to alloy with platinum, the 
electrode is almost invariably marked with 
black stains, and a slight loss in weight takes 
place. For this reason some workers prefer to 
plate the electrode with copper or silver before 
using. These difficulties are, however, entirely 
eliminated by using a mercury cathode ; in fao^ 
it is strongly recommended to employ always a 
mercury cathode when dealing with mercury. 

Many electrolytes have Men suggested, and 
all give more or less satisfactory re^ts. Thus, 
the mercury salt may be diasolved in water 
and electrolysed in presence of a small quantity 
of sulphuric, hydrocnlorio, or nitric acid. With 
sulphuric acid, from 1 to 2 o.o. of the concen- 
trated aoid are added to each 100 o.o. of 
solution, and electrolysis conducted with a 
O.D. of 0*3-0*8 ampere per square decimeter, 
which Ur finally increased to 1 ampere towards the 
end d the operation. With rotating electrodes, 
currenti of from 4 to 6 an^res per square deci- 
meter may be employed. Tne temperature of the 
electrolyte may be 50*-60*, but not higher. 
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Someiimet, owing to the reducing action of the 
hydrogen giyen off at the cathode, mercnroni 
salts are precipitated. The addition of small 
quantities of ammonium persulphate will cause 
them to go into solution again. The con- 
ditions with the other acids mentioned are 
very similar to those required for sulphuric 
acid. Potassium cyanide is not to be recom- 
mended, owing to slight solution of the anode 
taking place. 

Souum sulphide gives very satisfactory 
results, but care must be taken to employ a 
very pure solution of salt. From 26 to 30 o.o. 
of the concentrated solution of sodium sulphide 
are required for every 100 o.c. of solution. The 
solution should be heated to about 66^ and for 
stationary electrodes a O.D. of 0*16-0*26 ampere 
per square decimeter used. With rotating 
elootroaes from 3 to 6 amperes per square 
decimeter may be used. 

With mercury electrodes rotating anodes are 
almostin variably used, and high-current densities 
can be safely employed. The whole of the mer- 
cury can be deposited in from 16 to 26 minutes. 

Cinnabar may be dissolved in aqua regia, 
the solution evaporated to dr^ess. The 
residue is then taken up with water, filtered from 
gangue, and then directly electrolysed after the 
addition of a small quantity of nitric acid. 

Gold. 

Gold may be deposited from its solution 
in cyanide or in sodium or potassium sulphide, 
or in ammonium thiocyanate. The drawback 
to using potassium cyanide is the tendency for 
tbe anode to go into solution. But with low- 
current densities, this only takes place to a 
small extent. The solution is made up by 
adding rather more than the quantity necessary 
of potassium cyanide to bring the gold salt into 
a olear solution. With stationary electrodes 
a O.D. of O*0--O’8 ammre is employed at a 
temperature of 60*-60\ the metal being de- 
posited in the course of 2 to 3 hours. With 
rotating electrodes a current of about 3 amperes 
may be employed, when the metal will be 
deposited in about 30 minutes. 

Sodium sulphide. — Fri>m 20 to 26 o.o. of a 
saturated solution of sodium suicide are used 
for every 100 o.o. of solution. With a 0.1X of 
from 0*1 to 0*3 ampere the metal will be de- 
posited in from 4*6 to 5*6 hours. With rotating 
electrodes and high-ouirent densities, the results 
are too high, owing to deposition of sulphur 
along with the gold. 

Ammonium thiocyanate . — 6 to 7 grams of 
ammonium thioyoanate are dissolved m about 
80-90 o.c. of water at 70* to 80*, and the gold 
solution run slowly in with constant stirnng. 
The olear solution is electrolysed at a temperature 
of 40*-60* with a O.D. of 0*2-0*66 ampere, the 
metal being deposited in from 1*6 to 2 hours. 
This method has not been tried with rotating 
electrodes. The precipitation of small quantities 
of* ydlow cananne in the electrolyte during 
eleotrolvBis does not interfere with the reaction. 

£. F. Smith obtains good results by electro- 
lysing a gold chloride solutioti, using a mercury 
cathode. In order to prevent the chlorine 
evolved attacking the aiurae, from 10 to 12 o.o. 
of toluene are i^ded. The time required to 
deposit 0*1(M)*2 gram of gold is about 6 to 
7 minutes. 


Most solvents for ff<dd will also attack the 
platinum cathode. Aqua regia, for example, 
cannot be used to dissolve the gold from the 
platinnm. F. M. Perkin recommends a dflute 
solution of potassium cyanide to which is added 
4 - 60 . 0 . of hydrogen peroxide, or from 2 to 3 grams 
of an dlkafi persulphate. On gentle wanning 
the deposit is removed in a few seconds. 

2Au-f-4KCN4-H,0,-2KAu(CN),-f2K0H. 

Platinum. 

Like gold, platinum can be deposited from 
solutions containing free mineral acids, bnt 
unlike gold, which from these solutions is 
deposited In a non-adherent form, it may be 
deposited with very feeble currenta in a hard 
and reguline condition. With high currents and 
with stationary electrodes the metal is always 
deposited as platinum black. With a current 
of irom 0‘01 to 0*06 at a temperature of 60^-60*, 
about 0*1 gram of platinum can be deposited in 
4*6 to 6 hours. Julia Langness (J. Amer. 
Chem. Soo. 1907, 469), by using a rotating 
cathode, deposited 0*2 gram of platinum from a 
solution of K^PtClg m 5 minutes. Bnt the 
current, 17 amperes, must be looked upon as 
excessive for analytioal purposes. 

Before depositii^ platinum it is advisable to 
coat the cathode with silver. 

Rhodium. 

This metal may be deposited on to a silver- 
coated electrode from solutions acidified with 
phosphorio acid. A current of 0*18 ampere 
IB used. As the process continues, the purple 
colour of the solution gradually disappears and 
becomes colourless, when the deposition is 
finished. With a rotating anode the metal 
may be deposited from solutions weakly acidu- 
late with sulphuric aoid in about 16 minutes 
with a current of 8 amperes, and with a current 
of 14 amperes in 6 minutes. The deposited 
metal has a black colour, but is quite ad- 
herent. 

Palladium. 

In order to obtain a dense and firmly 
adhering deposit of this metal from acid solu- 
tions, it is, according to Am berg (Zeit. f. 
Elektrochem. 1904, 386, 853, and Annalen* 
1906, 236), neoessary that the potential should 
not exceed 1*26 volts. With stationary elec- 
trodes the process is very slow, and pc^arisation 
at the anode takes place, owing to the formation 
of oxy- compqunda. On the other hand, by 
using a rotating electrode and solutions of 
palladium ammonium chloride with 30 p.o. by 
weight of Bulphurio aoid and a O.D. of from 0*23 
to 0*60 ampere, as muoh as 0*3-0*9 gram may 
be deposited in from 3*6 to 5 hours. 

Julia Langness, by using ourrenta of from 
16 to 17 amperes, and an ammoniaoal solution, 
has obtained quantitative deposits in from 3 to 
5 minutes. 

Antimony. 

This metal may be deposited from its thio- 
salts, wtioularly sodium thioantimonite, a 
method orisinajly suggested by Classen. Daring 
the oleotrmysis there is, however, a danger, 
owing to the deposition of sulphur at the an^e, 
for sodium thioantimoniate to be formed, and 
this prevents the quantitative deposition of 
the metal. A. Fischer (Ber. 1903, 2474) recom- 
mends the addition of potassium cyanide to the 
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deotrol^, which prerenti the formation of the 
thioantimoniate, ihas: 

N,S4+3KCN«-3KCNS+Na,S. 

There is one difficulty when sodium sulphide 
is used — the results obtained are usually slightlv 
too high. This is due to the occlusion of small 
quantities of sulphur along with the metal. 
For this reason large quantities of metal should 
not be deposited by this method. The antimony 
salt is dissolved in 60--80 c.c. water made just 
alkaline with sodium hydroxide, any precipitate 
being ignored, then 20-25 o.o. of a fresh saturated 
solution of sodium sulphide added, and 2*5-3 
grams of potassium cyanide. The solution is 
then electrolysed at from 30^<40*. With 
stationary electrodes the metal is deposited in 
from 4*5 to 6 hours ; when rotating electrodes 
are used, in 30 to 45 minutes. 

F. M. Perkin and H. D. Law (Trans. Faraday 
Soc. i. 262) recommend neutral tartrate solu- 
tions. The antimony salt is dissolved in water, 
and from 8 to 10 grams of ammonium tartrate 
added ; if necessary, the solution is neutridised 
with dilute ammonia. At a temperature of 
from 70* to 80*, and a C.D. of 0*25-0*55 the metal 
can be deposited with stationary electrodes in 
from 2*5 to 3 hours. 

Sand (Chem. Soc. Trans. 1908, 1572) dis- 
solves the metal in 20 o.c. of hot cone, sulphuric 
acid, and dilutes the cold solution to 80 o.o. 
The solution becomes turbid owing to hydro- 
lysis, but this disappears during the electrolysis, 
and does not affect the result. The auxiliary 
electrode potential is kept at from 0*55 to 0*65, 
but may be increased to 0*75 toward the end 
of the process. The time required to deposit 
0*35-0*45 gram of metal is from 20 to 35 minutes 
with an anodic rotation of about 800 revolutions 
per minute. Small quantities of hydrazine 
sulphate (0*5-0*6 gram) are added to reduce 
any antimonial salts which may be formed. 
Bismuth. 

Until the advent of rotating electrodes, and 
particularly of the method of graded potential, 
bismuth was one of the most difficult metals 
to deposit, since it almost invariably came 
down in a powdery and non -adherent form. 
These remarks do not apply to the mercury 
cathode. According to Kollock and Smith 
(J. Amer. Chem. Soc. 27, 1539) to a solution 
containing about 0*2 gram of the metal as nitrate, 
the volume of which should not exceed 12 c.c., 
0*5 0.0. of strong nitric acid is added. A current 
of about 4 amperes is passed, and the whole 
of the bismuth will be precipitated in from 12 
to 15 minutes. The anode should be very 
rapidly rotated, so that the mercury may take 
up the bismuth as it separates, otherwise it 
may collect in a black mass beneath the anode. 

Sand (Chem. Soc. Trans. 1907, 373) uses a 
solution containing tartaric acid ; any excess of 
nitric acid, which may be in the original solution, 
is removed by the addition of sodium tartrate. 
By moans of the auxiliary electrode, the cathode 
potential is maintained between 0*63 and 0*9 
volt. The anode is rotated at 800 revolutions 
per minute. In one case the amount of metal in 
the solution was 0*2 gram, 2*5 o.o. of nitric acid 
(1 : 4) was added, and 8 grams of sodium tartrate. 
With a ouirent varying from 0*2 to 3 amperes the 
metal was deposited in 9 minutes. 


A. Fisher uses an eleetrolyto contatning 
tot each 0*5 gram metal, 10 grams of potassium 
oxalate, ana 5 grams of Boohelle salt> By 
means of an auxiliaiy electrode, the cathode 
potential is kept at 0*8 volt. Temperature of 
solution, 75*; time required, 11 to 15 minutes. 
Tin. 

Tin can be satisfactorily deposited from an 
ammonium sulphide solution. Sodium sulphide 
is not satisfaqtory ; indeed, tin is not thrown 
out from strong solutions at all. Hence, we 
have here a method of separation of antimony 
and tin. If the tin solution is acid, it is first 
neutralised with ammonia, and then sufficient 
yellow ammonium sulphide is added to dissolve 
the precipitate and form a clear solution. With 
stationary electrodes and a current of 1*0-1 *8 
amperes, the tin will be deposited in from 3 to 
4 hours. 

With rotating electrodes the metal can be 
deposited in from 15 to 35 minutes, depending 
upon the current employed, and the temjMrature 
01 the electrol 3 rte. Currents of from 1*8 to 8 
amperes have been successfully employed. 

A mercury cathode also gives very ^ood 
results. The tin salt is dissolved in dilute 
sulphuric acid, and electrolysed with a current 
of from 2 to 5 amperes. From 0*5 to 0*8 gram 
can be deposited in from 8 to 12 minutes. 

When platinum electrodes are employed, 
considerable difficulty may be experienced in 
removing the deposit. The simplest method 
is to make the electrode on which is the deposit, 
the cathode in dilute sulphuric acid, a piece of 
copper wire serving as cathode. Some workers 
prefer to coat the electrode with copper, and then 
the copper with tin, the tin being aeposited from 
an ammonium oxalate solution ; this proceeding, 
however, is tedious. 

Tellurium. 

Finely powdered tellurium is dissolved in a 
few 0 . 0 . of cone, sulphuric acid. The white 
anhydride so obtained is washed with a little 
freshly boiled water into the electrolysing vessel, 
and then 80 o.o. of a 10 p.c. solution of pyrophos* 
phoric acid or sodium p 3 rrophosj[)hate added. 
The solution is then electrolysed with a C.D. of 
0*1 ampere. Time of deposition, 4 to 5 hours 
When a rotating electrode is employed, the time 
of deposition is much accelerated. 

Gbottv II. — ZIno. 

Zinc is rather a difficult metal to deposit 
satisfactorily and quantitatively, and a very 
large number of methods have been suggested 
by different workers. Although it is -f-0*77 
volt more positive than hydrogen, it can be 
deposited from slightly acid solutions, owing to 
the high supertension of hydrogen evolution 
from we surface of zinc, the supertension of 
hydro|;en bein^ 0*70 volt. 

With xino it is advisable alwavs to employ 
rotating electrodes. The electroaes need not» 
however, be made of platinum ; nickel, par- 
ticularly in the form of gauze, answers equally 
well. 

Price and Judge (Trans. Faraday Soc. 1907, 
88) use an electrolyte containing sulphuric 
acid which must not be more than^iv snd sodium 
sulphate. 

It is, in fact, better to keep the normality 
of the acid rather lower than one-sixth. By 
starting with a G.D. of 0*25 ampere and increasing 
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to 2*0 amperes about 0*2 gram of metal can be 
deposited in 40 minutes. 

Owing to acetic acid being much less dis- 
sociated than sulphuric acid, solutions containing 
considerable quantities of this acid may be useo. 
l^nSf Ezner (J. Amer. Ghem. Soo. 1903, 896) 
deposited 0'2.'5 gram zinc with a current of 4 
amperes in 15 minutes. The electrolyte con- 
tained 3 grams sodium acetate and 0*30 p.o. 
acetic acid. A. Fischer (Chom. Zeit. 1907, 25) 
takes 1 C.C. cone, sulphuric Mid, 3*5 c.c. cone, 
ammonia, 1*5 o.o. acetio acid, and 2*5 grams 
ammonium acetate. A. dasaen (Quant. Analyse 
d. Elektrochem. 1807, 156) uses a solution of 
potassium oxalate, the zinc solution is added 
to a solution of from 4 to 5 grams of potassium 
oxalate. As soon as the electrolysis has started, 
it is advisable to add a few o.o. of a 1 p.o. 
solution of oxalic acid. Ammonium salts must 
be absent. 

KoUock and Smith use a mcroury cathode, 
and a solution of zinc sulphate or zinc sulphate 
acidified with sulphuric acid. 

Zinc adheres somewhat firmly to platinum 
electrodes, and, if left on for some time, seems 
to alloy with the electrodes. If, however, it 
is removed shortly after the electrolysis, no ill 
effect is produced. The best method to remove 
the deposit is to warm the electrode in a strong 
solution of sodium hydroxide. 

Oadmium. 

Although cadmium is electropositive to 
hydrogen by as much as 0*42 volt, yet, owing to 
the high supertension of hydrogen with this 
metal, it is p^iblo to deposit it from acid 
solutions. Owing, however, to the deiK)lariBlng 
action of nitric acid, nitrates should not be 
present; on the other hand, small amounts 
of chlorides do not seem to matter. 

Oadmium may be deposited from solutions 
containing small quantities of free sulphuric 
acid. It IS usually advisable to add, after the 
bulk of the oadmium has been deposited, the 
equivalent amount of sodium hydroxide to 
neutralise the sulphuric acid which has been 
set free through the deposition of the metal. 
In 100 0 . 0 . of solution, 1 o.o. of concentrated 
sulphuric acid may be added before commencing 
the electrolysis. With stationary electrodes and 
a current of 0*1 to 0*35 ampere, the metal is 
deposited in from 3 to 4 hours ; with a rotating 
electrode and a current of 4 to 5 amperes, the 
deposition is complete in 20 minutes. The 
dej^ition from cyanide solutions is the simplest 
and most easy to carry out. A solution of 
potassium cyanide is added to the cadmium 
solution until the precipitate first produced is 
dissolved, and then atout half the quantity 
already added is run in. It is advisable also to 
add about 2 o.o. of a normal solution of sodium 
hydroxide. With stationary electrodes and a 
current of 0*15-0*35 ampere at a temperature 
of 50”, the deposit is complete in from 4*5 to 
5*5 hours ; with rotating electrode and a 
current of from 5 to 8 amperes, in from 15 to 
30 minutes. 

Gbouf III.— Iron. 

It is not often that the am^st requires to 
deposit iron eleotrolytioally, owing to the very 
satisfactory methods of titration and precipita- 
tion. Iron cannot bo deposited from acid or 
even from neutral salt solution upon a platinum 


electrode, owing to its being so much moiw 
electropositive tnan hydrogen — 0*34 volt, while 
the supertension of Iwdrogen is only 0*(M volt. 
KoUock and Smith (Iroc. Amer. Phfl. Soo. 44, 
149, and 45, 261) have, however, succeeded in 
depositing iron from weak acid solutions b^ 
means of a mercury cathode, the iron as it is 
deposited amalgamating with the mercury. 
The method described by these authors is as 
foUows : — 

Five O.O. contained 0*2075 gram of iron. 
Three drops (40 drops o.c.) of concentrated 
sulphuric acid were added to it, when it was 
electrolysed with a current of 3 to 4 amperes 
and 7 volts. The anode made from 500 to 900 
revolutions per minute. The iron was com- 
pletely dojposited in 7 minutes. The water 
was then siphoned off and the amalgam washed, 
as in all previous cases, with alcohol and water. 

From Its oxalate, tartrate, or citrate solutions, 
iron may be satisfactorily deposited, but in aU 
oases traces of carbon are deposited along with 
the metaL By employing low-current densities, 
the amount of carbon deposited from oxalate 
and tartrate solutions is negligible, but from 
citrates the results are almost uways consider- 
ably too high. 

Ammontum oxalaie . — This method was first 
suggested by Classen (Zeit. f. Elektrochem. i. 
288), and is the one most generally emplovod. 
The iron solution, which would he free m>m 
chlorides and nitrates, must be poured into the 
solution of ammonium oxalate, if it is in a 
ferrous condition, otherwise a precipitate of 
ferrous oxalate may bo formed which is difficult 
to dissolve. With ferric salts the order of 
adding does not matter. 

Dissolve 5-7 grams of ammonium oxalate 
or acid ammonium oxalate in a small quantity 
of hot water, and to this add the iron salt also 
dissolved in a little water. The solution is 
then made up to the required bulk, and electro- 
lysed with a C.D. of from 0*6 to 1*2 amperes. 
Time of deposit from cold solutions and with 
stationary electrodes, 4 to 5 hours ; from 
solutions at 50”-60”, in 2 to 2*5 hours. As the 
electrolysis proceeds, it will sometimes bo 
noticed that a small quantity of ferric hydroxide 
separates. This is duo to the solution becoming 
slightly alkaline, owing to the decomposition (u 
the oxalate by the current. Should the hydirox- 
ido be thrown out, small quantities of oxaho acid 
must be added. 

With rotating electrodes the time of electro- 
lysis is from 14 to 20 minutes. 

With tartrate solutions the results are equally 
good. The method of procedure is similar to 
that described for oxalates, ammonium tartrate 
being used in place of the oxalate. The 
advantage of the tartrate method is that 
ferric hydroxide is never deposited ; consequently, 
it is not necessary to add tartaric acid, and thus 
less attention is required. 

Nickel. 

Nickel and cobalt are difficult to determine 
by general analytical methods, but they can 
both bo readily and accurately analyst by 
electrochemical means. 

Although many methods have been suggested 
for the dep^tion of nickel, few of these are 
of praotioal importance. Most of them depend 
upon the use of the salts of oiganio acids. In 
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snoh cases there is a tenclenoy for traoes of 
oarbon to be deposited with the metaL The 
most useful and generally ap^icable method 
for depositing nickel is that m lYesenius and 
Beigmann (Zeit. f. Anal. Cbem. 33, 0), in which 
the double salts of potassium and nickel or 
ammonium sulphate together with excess of 
ammonia are used. 

The nickel salt is dissolved in water and 
mixed with an aqueous solution of from 4 to 6 
grams of ammonium sulphate, and from 30 to 
35 c.o. of strong ammonia. If more than 1 gram 
of the nickel salt is employed, larger quantities 
of ammonia should be added. As, however, 
large quantities of strong ammonia are apt to 
contaminate the atmosphere, it is better to 
work with smaller quantities of nickel. Nitrates 
should be absent, as their presence considerably 
retards the rate of deposition. With a current 
of 1-1 '5 ampere per sq. dcm., the metal will 
be deposited in from 2 to 2*5 hours; at a 
temperature of 50*-60^, the time will be from | 
1*5 to 2 hours; with rotating electrodes, in 
from 15 to 30 minutes, depending upon the j 
conditions and the form of apparatus. The 
metal is usually deTOsited as a brilliant plating 
on the electrode. The deposit is at times some- 
what difficult to remove, and, owing to its 
appearance being rather like polished ^tinum, 
it 18 not always easy to ascerfriin whetner it has 
been completely dissolved off. The best method 
of removing the metal is to warm the electrode 
in moderately strong sulphuric or nitric acid. 

Other methods employed are the double 
oxalate method of Classen and Von Reiss 
(Ber. 14, 1622) ; ammonia and ammonium 
borate, W F. M. Perkin and W. C. Prebble 
(Trans. Faraday Soc. 1904, 103). Koilock and 
Smith (Proo. Amcr. Phil. Soo. 45, 262) have 
used a mercury cathode successfully, the time 
of deposition lieing from 7 to 20 minutes. An 
amalgam of 40 grams mercury and 1 gram 
nickel has the consistency of soft dough, and is 
bright in appearance. 

Cobalt. 

Cobalt may be deposited from an ammonium 
sulphate, ammonium hydroxide solution similar 
to that used In the case of nickel. But as a 
rule the results obtained are too low, owing to 
the tendency for peroxide to be formed on tho 
anode. 

P. M. Perkin and W. C. Prebble (Trans. 
Faraday Soo. 1905, 103) use a solution oon- 
tainiim dihydrogen sodium phosphate and 
phosphoric acid. The solution is made up by 
adding 2 o.o. of a 5 p.c. solution of phosphorio 
acid to the solution of the cobalt salt in 70-^ c.o. 
water and then 20-25 o.o. of a 10 p.o. solution 
of dihydrogen sodium phosphate, llie elec- 
trolysis should be commenced cold with a 
ouirent density of 0*2-0*3 ampere per'sq. dcm. ; 
after about 50 minutes the solution is warmed 
to 501* or 60*, and the ouirent increased to 1*2 
ampei^ If, as often happens, some peroxide is 
deposited on the anode, it can be remoyed by 
the addition of 0’2-0*3 gram of hydroxylamine 
sulphate. After the solution has become 
ocdourless, about 1 o.o. of N/1 -ammonia should 
be added. The time necessary with stationary 
electrodes is from 4 to 5 hours. The deposit 
is extremely bright, resembling polished 
platinum. 

VoL. I.— 2*. 


The only methods which have been tried 
with rotating electrodes are solutions oontainihg 
ammonium aoetate and solutions with sodium 
formate. With currents of 8 amperes, L. Kol- 
, look and £. F. Smith ( J. Amer. Chom. Soo. 
29, 797) succeeded in depositing 0*3 gram of 
cobalt in from 30 to 40 minutee. 

Group IV.— Lead. 

Oa'ing to its ready oxidisability, it is difficult to 
deposit lead satisfactorily on the cathode. Except 
in oases of separation from other metals, indeed, 
it is of no advantage to deposit it at the cathode. 
Sand has, however, found it a convenient method 
to separate lead from cadmium and bismuth 
(Chem. Soo. Proo. 22, 43). 

I From dilute solutions of nitrio acid lead is 
I partially deposited as metal on the cathode, 
and partially as peroxide at the anode. It is 
therefore necessary to have about 20 o.o. of 
nitric acid (1 : 4) to every 100 o.o. of electrolyte. 
Arsenic, manganese, selenium, and bismuth 
should be absent, and according to Vortmann 
(Annalcn, 861, 2S3), antimony, silver, mercury, 
zinc, iron, cobalt, aluminium, and tho alkali 
metals also cause the results to high. Chromic 
acid should also be absent, and phosphorio aoid 
retards tho deposition. The lead salt is dis- 
solved in water, and from 25 to 30 o.o. of strong 
nitrio acid added. The electrodes used, whether 
stationary or rotating, should be roughened by 
the sand blast. With stationary electrodes 
and a current of from 1*3 to 1*8 ampere at a 
temperature of 60*-70*, the deposition will be 
complete in from 1 to 1*5 hours. At tho com- 
mencement of the eleotrolysis a yellowish 
deposjt is obtained which becomes orange or 
red, and 6nally dark-brown or black. 

With rotating electrodes, the time of deposi- 
{ tion is from 10 to 26 minutes. 

At tho end of the electrolysis the olootroilo 
is well washed by placing it in hot water, then 
! washed with alcohol and ether, and heated to 
1 220* in tho air-bath for an hour. It must be 
; cooled in a desiccator ; the weight of the 
I deposit is multiplied by the factor 0*866. 

The best method to remove the doTOsit from 
the electrode is to warm it with equal volumes 
of nitrio aoid and water to which 4 -5 grams of 
glucose has been added. 

I Lead does not give satisfactory resultsvwith 
a mercury cathode. 

Manganese. 

I Manganese can only be deposited as oxide 
at the anode. It is, however, much more 
difficult to deal with than lead, as the deposit 
is apt not to adhere welL It is absolutely 
essential to employ roughened electrodes. 
Mineral acids cannot be employed. The most 
satisfactory electrolyte is one containing am- 
monium acetate, and Engels (Zeit. Elektroohem. 
jii 413) has shown that tho addition of small 
uantities of chrome alum helps to cause the 
eposit to adhere more 6rmly, probably owing 
to a depolarising effect. The manjMnese salt 
is dissolved in 40-50 o.o. of water, ^10 grams 
of ammonium acetate added, and the solution 
eleotrolysed at a temperature of 75*-86*, with 
a current of 0*6 to 1 ampere. The depo- 
sition wiU bo complete in from 1*5 to 2 

With rotating electrodes the time will be 
about 30 minutes. In this case it is M well to 

Y 
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add 10 C.C. alcohol to prevent frothing (J. Koeter, 
Zeit. f. Elckirouhuiu. 10, 553). 

The best way to ascertain if all the manganese 
has boon deposite<l, is to employ the per- 
nnin^anate test. Withdraw 1 or 2 o.c. of the 
bolutfon, add 3 o.o. cono. nitric acid, and about 
I gram of red lead. Boil for a minute or two 
and tiiliito. A pink colouration indicates that 
the whole of the manganese has not been 
romoved. 

When all the manganese has been deposited, 
the electrode is washed as usual, and then 
strongly heated in order to convert the hydrated 
manganese [icroxide into trimanganese totrozide 
Mnx04. It is nocoHsnry to heat until the black 
deposit becomes a dull orange red. 'I'he weight 
of the deposit multiplied l>y 0*72 gives the 
weight of metallic manganese. 

Chromium. 

I'his metal cannot bo deposited on the 
anode as peroxide ; neither under ordinary 
conditions is it p()s.sil)lp to obtain a cathode 
deposit. Kolluck anil Smith (Trans. Amor 
Chem. Soc. 27, 1905, 1255) have succeeded in 
depositing it in the form of an amnigam bv 
employing a mercury cathode. The electrolyte 
consisted of dilute sulphuric acid. With a 
current of 1-3 amperes 0*12 gram was deposited 
in 20 minutes. This method is useful for 
separating chromium from aluminium, which 
latter metal is not deposited as an amalgam. 

(lassen (Ber. xxvii. 2060) oxidises 
chromic salts to chromates in an ammonium 
oxalate solution. This method is useful for 
separating chromium from iron, nickel and 
cooalt, and in the analysis of chromium steels 
and of chronic iron ore. The chromic acid pro- 
duced can be estimated lodometrioally or by 
precipitation as lead or barium chromate. 

'Ine solution containing the iron and 
chromium salt has excess of ammonium oxalate 
added to it, and if free mineral acid is present is 
noutralisod with ammonia. It is then oloctro- 
lysed, when the iron is deposited at the cathode 
and the chromium oxidised to chromate. The 
iron, when deposited in presence of chromium 
wits, is UBunlly very brilliant like polished 
platinum. When all the iron is deposited, the 
solution is removed, the iron deposit dried and 
woigl^ed, and the chromium (letcrmined. If 
the whole of the chromic salt has not been 
oxidised during the deposition of the iron, the 
solution IS again electrolysed. By using a 
lotating anode it is possible to completely 
oxidise 0*15 gram of n chromic salt, such as 
CYjfSO*), or tVjClg in 90 minutes, the volume 
of the solution being 120 o.o. and the amount 
of ammonium oxalate 15 grams. The electro- 
lyte should bo heated to 80®, and a current of 
from 6 to 5-5 iimporcs employed (Eioktroii- 
alytisohe SohmUim thoden, p. 180). 

Uranium. 

Urauium it* ilepoi.itt*d ut the cathode us 
oxiilr fioin solutions containing acetic acid or I 
utumoiuum caiburuite. The deposit consists 
of U304,311 .j 0. At the end of the operation 
this IS heated strongly to convert it into U4O,. 

Wherry and Smith (Trans. Amer. (3hem. Soc. 
29, 800), by using a rotating cathode and an 
electrolyte containing in J25 0.0. 2*5-5‘5 gram 
sodium acetate, depositevl 0*25 gram of uranium 
in from 15 to 30 mmutes, the current employed 


being 3-5 amperes, the electrolyte being either 
cold or heated to 60". 

Molybdenum. 

From solutions containing dilute sulphuric 
acid, molybdenum can be deposited as peroxide 
at the cathode, but the deposit cannot be 
weighed as such. Wherry and Smith (Trans. 
Amer. Chem. 800. 29, 806), therefore, oxidise it 
by moans of nitric acid and weigh as MoO.. 

Thallium. 

Many methods have been suggested for the 
electrolytic analysis of thallium, but only one can 
be considered satisfactory, and that is, by using 
a mercury cathode. By depositing the mettU 
into pure mercury, it is found that portions are 
lost on weighing ; but if the mercury contains a 
small quantity of zinc, this is not the case. 
Smith recommends to deposit the zinc and 
mercury simultaneously. In order to do this 
a detinito volume of zinc sulphate solution of 
known strength is added to the solution before 
eloetrolysis. The electrolyte consists of dilute 
sulphuric acid. I'he amount of zinc necessary to 

E rotoct the thallium is very small, and need not 
e more than 0 001 gram. With a ourrent of 
6 amperes it is possible to deposit as much as 
0*2 gram in about 10 minutes. It is, however, 
advisable to electrolyse for a longer time. 
Group V. — Sodium. 

E. F. Smith (Trans. Amer. Chem. Soc. 25, 
1903, 890) was the 6rst to show that the 
metals of the alkali group could be analysed 
eleotrolytically. The method is based on the 
removal of the halogen anion of the metal by 
causing it to unite with silver, the alkali metal 
remaining in the solution as hyclro.xide is deter- 
mined by titration ; 
by ascertaining tho 
increase m weight of 
the silver anode, the 
halogen can be also 
determined. 

An ingenious ap- 
paratus has been 
devised by Hilde- 
brand (Trans. Amer. 

Chom. Soc. 29, 1907, 

447) for the analysis 
uf the cations of the 
alkali metals, and of 
banum and stron- 
iiuiu; and at the 
bit me time of various 
anions. In 
principle 
tho cell re- 
so in b 1 e s 
that of tho 
(' as t ner- 
K o 1 1 n e 1 
jirucess em- 
plo^ved 111 
the manu- 
facture of 
s o d i u m 
hydroxide. 

Tho 
outer cell 
(Pig. 68) 
consists of 

a crystAllising dish, 1 1 cm. in diameter and about 
5 cm. deep ; a beaker 6 cm. in diameter and 4*5 
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om. high, with the bottom cut off, is placed uiiside 
and rests on a triangle of glass rod maced on the 
bottom of the cryst^ising dish. The beaker is 
kept in position in the middle of the dish by 
means of three rubber stoppers fitted radially 
between it and the outer dish. Two compart- 
ments are thus formed, which arc sealed off by 
means of mercury. In the outer compartment 
there is a ring consisting of six turns of stout 
nickel wire, provided with three legs dippmg 
into the mercury and serving to maintain the 
lowest winding of the nickel about 1 cm. above 
the surface or the mercury, when sufficiont is 
placed in the dish to seal off the two compart- 
ments. By means of a platinum wire passing 
through a glass tube the mercury is made the 
cathode. The anode consists of two discs of 
platinum gauze heavily plated with silver. 

Pure mercury must be useil, and the cell 
must be kept scrupulously clean. Before 
starting the cell, mercury is poured in so that its 
level is about 3 mm. above the lower edge of 
the inside beaker. The solution to bo electro* 
Ivsed is then put into the inner compartment, 
fn the outer one enough distilled water to cover 
the nickel wire is placed, and to this 1 o.o. of 
a saturated solution of common salt. By this 
arrangement the amalgam formed in the inner 
compartment is immediately decomposed in 
the outer one. The sodium chloride serves 
merely to make the liquid a conductor, so that 
the action may proceed more rapidly at the 
commencement. Unless this is done, the 
amalgam is not entirely decomposed in 
the outer compartment, because pure water 
does not attack it rapidly enough to prevent the 
partial decomposition in the inside cell. After 
the electrolysis is complete, the entire contents 
of the cell are poured into a beaker, the cell 
rinsed, and the alkali titrated. After titration 
the mercury ii washed, the water decanted, and 
the metal poured into a largo separating funnel 
from which it can be drawn off clean and dry. 

The annexed table gives the results which 
were obtained by Hildebrand. 

The weighed gauze anode is clamped to the 
•haft. The latter is lowered into the cell till 
the lower gauze is about 0 mm. from the surtace 
of the mercury. The most convenient speed 
for the motor is about 300 revolutions per 
minute. The anode does not require washing, 
as the water after electrolysis is pure. It may 
be at once dried in the steam oven. 


Time : 
Mins. 

VolU 


Sodium in 
grams 

Ohlorine In 
grams 

Amperes 

PreBent 

Found 

Present 

Found 

30 

40-2-5 

0*60-002 

0-0461 

0 0450 

00708 

0*0704 

45 

3-6-2*5 

0-34-001 

0-0461 

— 

0*0708 

0*0706 

40 

3'5-3*0 

0-60-C-01 

0-0461 

— 

0-0708 

0-0704 

45 

40-3*5 

0-65-0*01 

0-0461 

— 

0-0708 

0*0716 

30 

4-0-2-6 

0-7a-002 

0-0461 

— 

0*0708 

0 0713 

55 

8*0 

0*2(M)*02 

0-0461 


0-0708 

0-0700 


By means of this apparatus the halogen 
■alts of the alkali metals can be analysed. Abo 
the halogen salts of barium and strontium. In 
fact, ai^ anion with any metal which will unite 
with suver to form an insoluble salt can bo 


analysed, provided, of course, that the metallic 
salt is soluble, and that the metal will form an 
amalgam with the mercury. In the case of 
the alkali metals and of strontium and barium, 
the hydroxides of which are soluble in water, 
the cations are analysed by titration. With 
other metals forming amalgams which are not 
readily decomposed this method of analysis 
is not" to be recommended, licoause, in the hrst 
place, the considerable quantity of moroury 
necessary is inconvenient to weigh, and, secondly, 
it requires to be kept very pure, consequently 
the continual purification of such large quantities 
of mercury would be tiresome. 

Analysis of anions when united with Heavy 
metals. The SO 4 anion in such salts as copper 
sulphate may be analysed by electrolysing a 
known weight of copper sulphate dissolved in 
w'ator with a mercury cathode and a platinum 
anode as already described. When all the copper 
has been deposited, the solution is siphoned off, 
the amalgam washed with water, and the wash 
water added to the original solution. The whole 
of the anode solution is then titrated with N- 
sodium hydroxide. The copi^or can, of course, 
be estimated by weighing the anialgain. 

Separation of sodium from calcium and 
magnesium. When calcium and magnesium 
salts are electrolysed in Ilildebrandb apparatus, 
it is found that the hydroxides of these metals 
are precipitated in the inner cell. It has therefore 
been found possible to separate sodium from 
these metals by means of this apparatus. The 
outer cell contains all the sodium as hydroxide, 
and the sodium can be determined by titration. 
The analytical results obtained are practically 
theoretical. 

In a similar manner barium can bo separated 
from calcium and magnesium. 

Arsenic. 

It is not possible to deposit arsenic quantita- 
tively in the metalloid condition, neither can it 
be precipitated at the anode as oxide. Arsenio 
is readily converted by nascent hydrogen into 
arsouiuretted hydrogen, its gaseous nydride, 
Asllj; bonce, electrolytio methods of analysis 
are not usually employed for analysing arsenio 
compounds. It is, however, possible to estimate 
very small quantities of arsenio contained in 
food, &o., by electrolysis. The process consists 
in evolving electrolytio hydrogen in presence of 
the arsenio, whereby the arsenic is converted 
into arseniuretted hydrogen. The gaseous 
hydride is then passed through a glass tube, 
heated by a small Bunsen burner, as in the 
Marsh apparatus, whereby the arsenic is de- 
posited upon the tube in the form of a mirror. 
In order to estimate the amount of the arsenic, 
the mirror is then compared with mirrors pre- 
pared from known quantities of arsenio. 

In 1812 Fischer (Gilbert's Ann. 42, 92) sug- 
gested the employment of the electric current 
to detect the presence of very small quantities of 
arsenio. It was again suggested by Bloxam 
(Quart. Joum. Chem. Soo. 1861, 13, 12 and 
338) in 1861, but the apparatus had several 
disiidTantages, and never came into practical 
use. Since then various modifications have been 
suggested by different authors, and, in 1903, 
Thorpe (Joum. Chem. Soc. 1903) describes a 
new form of apparatus which has been success- 
fully employed for the analysis of traces of 
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anenio in food, beer, and other substances. 
It consists of a xdatinnm cathode hung in a 
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glass cylitkili'icul vessel, which is open al the 
ead, and tits into a Pukal porous cell. I'he 
porous ooll is surrounded by the anode, and 
stands in an outer vessel. Tho up|)er 
portion of tho cylinder is open, and has a 
ground neck for the insertion of the drying tube 
tilled with anhydrous calcium chloride, and 
also carries tho funnel, which is titted with a 
tap, through which the solution to l>o tested is 
run in. A capillary tube is connected to 
the end of the calcium chloride tube. 'J'lio 
riii<ldlo of this tube is heated by moans of the 
small liunson burner, and is surrounded whore 
tho flame heats it with a piece of platinum or 
iron-wire gauze, to prevent the tube being fusoil. 
'Pho whole apparatus is placed in a voesol 
containing cold water, to prevent undue heating 
durini; electrolysis. 

Method of workitig. The apimratus is care- 
fully washed with distilled water. Tho outer 
coll B is tilled with dilute sulphurio acid (30 p.c.), 
then the inner cell. (Tho porous cell should Iw 
soaked in dilute sulphurio acid for about half 
an hour before being used.) As soon as all the 
conneotions are made, the Bunsen burner is 
placed in position, but not lighted, and the 
current is passed. A current of about 6 amperes 
should bo used ; tbo escaping hydrogen thereby 
produces a flame of about 3 mm. in sire. As 
soon as all the air has been driven out, which 
usually occupies about 10 minutes, the issuing 
hydrogen is ignited and tho Bunsen burner 
lighted. If after about 15 minutes no bro>vn 
.ring makes its appearance, the reagents may be 
considered free from arsenic. At the end of 
30 minutes tho capillary tube is sealed off, 
and the open end also fused together. The 
mirror is then compared with tlio standard 
mirrors as above described. 

Preparation^ of standard mirrors. Pure re- 
sublimed arsoniouB oxide is ground in an agate 
mortar and dried at 100*. Then 0-1 gram is 
carefully weighed and washed into a Mitre 
flask, the flask being filled to tho mark with dis- 
tilled water. Each 1 o.o. of this solution con- 
tains 0*0001 arsenious oxide ; 100 o.o. of this 
solution are diluted to 1 litre. This second 
solution contains 0*00001 gram of arsenious acid 
in each 1 o.o., or 0*01 mg. Standard tub^ 
containing 0*004, 0*006, 0*008, 0*010, &o., mg. 
can then be prepared. 

When foodstuffs are being examined for 


arsenic, Thorpe considers it advi»able to take a 
portion of the foodstuff — arsenic freehand 
mix it with the known quantity of arsenic before 
proceeding to electrolyse it. The standard 
mirrors are thus prepare under the same con- 
ditions as those under which the suspected food- 
stuff is tested. 

8. R. Trotman (J. Soc. Cliem. Ind. 23, 177) 
recommends the adoption of a mrchmont 
membrano in place of the porous Pukal cell, 
as he considers this decreases the resistance, 
Atul thus makes tho apparatus more sensitive. 
It IS, how'over, not so convenient to use. 

Sand and J. E. Hackford (Chem. Soc. Trans. 
85, 1018) use the parchment membrane, but 
they also employ a heavy lead cathode and a 
load anode. 'J'hoir apnaratus is thereby much 
cheap<‘r than that used by Thorpe, and is said 
to bo equally accurate. 

Metallic Separations. 

A largo number of separations of metals by 
elcrirulytic methods have been worked out, 
but in many cases a purely chemical procedure 
or a combination of electrolytic and chemical 
methods is easier. There arc, how'ever, oases 
in which satisfactory and rapid electrolytic 
separations can bo carried out. A few of tho 
more important are given below. 

Copper from nickel. By employing a 
rotating anodo with an auxiliary electrode, 
and maintaining tho cathode potential at 
0-7-0-76 volt, copper can bo deposited from 
solutions containing sulphuric acid. The solu- 
tion is then made alkaline with ammonia, when 
tho nickel can bo tloiiositcd. If the cathode 
potential is not regulated, small quantities of 
tlie nickel arc deposited along w ith the copper. 

Exnor (J. Amcr. Chem. Soe. 25, 896) finds 
that by cmplovmg a solution containing nitric 
acid and anunouiuin nitrate (volume of solution 
125 0 . 0 . ; UNO*, 0.25 c.c. ; 3 gram NH 4 NOa) 
and using a rotating anode, it is possible to 
deposit as much as 0’25 gram copper in 15- 
20 minutes; tho nickel, which may be«of equal 
weight, remains in solution, and can be after- 
wards deposited. 

Copper from lead. Since lead is deposited from 
solutions oonteining nitric acid as peroxide on 
the auoilo, whilst copper is deposited as metal at 
the cathode, it might be supposed that there 
would be no difiioulty in depositing both metals 
concurrent ly. It must, how ever, be remembered 
that unless there is a considerable concentration 
of nitric acid, a portion of the lead will be de- 
posited as metal at tho anode. On the other 
hand, in presence of copper, the tendency to 
reduction of the lead and its appearance at the 
cathode is decreased ; that is to say, in presence 
of copper a lower concentration of nitric acid 
is required. It has, therefore, been found 
possible to separate the two metals. 1’he 
volume of solution employed was 85 o.c., and 
contained 1 o.o. HNO, ( I : 4). With a rotating 
anode and a ourront of 2 amperes, the whole ot 
the lead was deposited in 5 minutes. The 
current was then increased to 10 amperes, when 
the last traces of copper were removed. The 
washing and drying of the anode deposit requires 
care, since the peroxide when deposited from 
weak acid solutions does not adhere so well as 
from stronger solutions (Sand). 
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Capper and arsenie. McCay finds the 
following conditions give a satisfactory deposit 
of copper in presence of arsenic. The arsenic 
remaining in the solution cannot, however, be 
estimated electrol^iiically, udless present in very 
small quantities. 

To the solution 20 c.c. ammonium hydroxide 
(sp. gr. 0*91) and 2*5 gram ammonium nitrate are 
added, the volume of solution being 125 c.o. 
The solution is then electrolysed at a temperature 
of 60*-60*, with 0*5 ampt*re per 100 sq. deem, 
of electrode surface. As much as 0*22 gram 
of copper will be deposited in 3 hours. VVith 
a rotating anode about 16 minutes are 
required. In this solution the arsenic should 
be present as arsenate. Copper and arsenic 
may also bo separated olcctrolytioaUy from 
solutions containing potassium cyanide. If 
acid, the solution is neutralised, and then 
sufficient TOtassium cyanide added to just 
rcdissolve the precipitate first produced. With 
a current 0*25^ *27 ampere, the whole of the 
copper is deposited in about three hours. 

Antimony from tin. Tin can be quantita- 
tively deposited from solutions containing 
excess of ammonium sulphide. It cannot, 
however, bo deposited from solutions contain- 
ing excess of scraium sulphide. Antimony, on 
the other hand, can be deposited from solutions 
containing excess of sodium sulphide. It is 
therefore possible to separate antimonv from 
tin by adding excess of sodium sulphide to a 
solution containing the two metals. If the 
solution is acid, it is first made slightly alkaline 
with sodium hydroxide before the sodium 
sulphide is added. It is, however, better to 
first precipitate the two metals as sulphides, and 
then dissolve them in a concentrated solution of 
sodium sulphide. The tin should be in the 
stannic state. The solution is electrolysed at a 
temperature of 50®-60* with a current of from 
0*2 to 0*9 ampere per sq. dcm. of electrode 
surface. In from 2 to 4 hours the whole of the 
antimoiw is deposited. It is, however, almost 
always dontaminated with small quantities of tin. 

In order to deposit the tin, the sodium 
sulphide mu'^t be decomposed. This ig done by 
adding about 25 grams of ammonium sulphate, 
.and Imiling until no more hydrogen sulphide is 
evolved. The tm is now deposited by electro- 
lysing with a current density of from 0*3 to 0*5 
amperes. 

•The best method of separating antimony 
and tin is that of Sand, by means of graded 
potential and a rapidly rotating anode (Chem. 
Soo. Trans, xciii. (2) 1908, 1572). From solu- 
tions containing strong sulphuric acid (1:1) 
antimony is deposited at an auxiliary potential 
of 0*65 volt when the temperature is kept above 
1<X)*, and a small quantity of hydrazine sulphate 
is added. Tin, on the other hand, under 
similar conditions, is not deposited below 0*8 
volt. The method of procedure when dealing 
with alloys of antimony and tin is as follows : — 

The alloy is dissolved in a mixture of 
40 0 . 0 . oono. sulphuric acid, 5 o.c. water, and 
2 0 . 0 . nitric acid (1 : 42) ; on heating to 180*-200*’ 
solution rapidly takes place. It is necessary 
to remove the nitrio acid because it causes the 
formation of antimonio acid, which is only 
slowly reduced to the metallic state electro- 
Ijtioally. In order to decompose the nitric 


acid (nitrosulphonio aeid). a current of 5 ami>erea 
is passed, and the liquid heated to 250^-270*. 
After the ourrent has been pa&sed for 5 to 10 
minutes at the high temperature, it is stopped. 
The solution is cooled to 100*, and 0*6 gram of 
hydrazine sulphate added. (N.6. — The amount 
of hydrazine sulphate added should bo equal to 
the weight of metal t.ikeu.) 

The temperature is then raised to 300*. It 
is again cooled to 100*, when from 30 to 40 o.c. 
of water and another 0*6 gram of hydrazine 
sulphate are added. 

The anode * is then rotated to ensure mixing 
of the solution, the temperature of which rises 
to about 120*. The analysis is now begun, the 
auxiliary potential having first been adjusted 
to 0*53-0*65 volt. The current will vary 
betw'cen 3-4 amperes, and, at the end of the 
electrolysis, will (frop to 0*4-0*5 volt. Time of 
electrolysis from 20 to 30 minutes. 

The tin is determined as follows : The 
solution after the antimony has been deposited 
is mixed with about 4 grama of oxalic acid, and 
is neutralised with strong ammonia. In order 
to prevent loss by spurtung the electrodes are 
placed in position, the rotating stem being 
passed through a hole drilled in a clock glass. 
The ammonia is poiireii on the clock glass and 
runs down the stem of the electrode into the 
solution, the anode or inner electrode being at 
the same time rotated. Considerable ebullition 
ensues, but none of the liquid is spurted out. 
Exact neutralisation is ascertained by the use of 
methyl orange as indicator. Litmus cannot bo 
employed, since its colloidal nature hinders the 
deposition of the tin. After neutralisation, 
\0*6-0'15 c.o. of sulphiirio acid are added mfor 
I every gram of oxalic acid previously added. 

I The solution is clectrolysod at a temperature 
of 70* with a current of 3-4 amperes. Time of 
deposit, 60-80 minutes. 

' Silver and copper. (Smith and Frankcl, 
Amer. Chem. J. 12, 104.) To a neutral solution 
of the silver and copper salt, add 2-3 grams of 
pure potassium cyanide. Electrolyse at a tem- 
perature of 05* with a current of 0*03-0*05 
ampere, and maintain the potential at 1*1-1 *6 
volt. The silver will bo completely deposited 
in from 4 to 5 hours. After the silver has been 
weighed, the electrode is replaced, the current 
and voltage increased, when the copper will be 
deposited. 

Silver may also be separated from copper in 
ammoniacal solutions by using an auxiliary elec- 
trode, and 'keeping the potential below 0*5 volt. 

Iron from other metals. Iron can readily bo 
separated from aluminium, vanadium, glucinum, 
uranium, thorium, and many other metals with 
I which it may bo alloyed by dissolving in sul- 
jphurio acid, filtering from any residue, nearly 
neutralising with ammonia, and electrolysing 
with a mercury cathode. 

Cadmium from zinc. These metab can l>o 
separated by means of grade<l potential. The 
solution is made up by adding first 2 o.c. of 
cone, sulphuric acid, then 3*33 grams of sodium 
hydroxide, and 1 o.c. of glacial acetic acid. The 
auxiliary electrode is kept at a potential of 1*15 
-1*20 volts, and the solution electrolysed at a 
temperature of 30*. The whole of thd^ cadmium 

* .\fter the metal hai dlsHolved, the subsequent 
' operations are carried out with the electrodes in 
, position. 
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will be deposited in 11-14 minutes. The 
tential is afterwards raised, when the zinc can 
deposited in about 30 minutes. 

Bibliography. — Electroanalysis, by Edgar 
Smith (P. Blakiston’s Son & Co., Philadelphia) ; 
Practical Methods of Electrochemistry, ny F. 
MoU wo Perkin (Longmans, Green, & Co., London); 
L^lcktroanalytisohe Schnellmethoden, by A. 
Fischer (Ferdinand Enke, Stuttgart) ; Quantita- 
tive Analyse durch Elektrolyso, by A. (jlassen 
(Julius Springer, Berlin); Analyse dea M6iaux 
par Electrolyse, by A. Holland ct L. Bertiaua 
(H. Dtinod efc E. Pinat, Paris) ; Developments 
of Electroanalyttis, Fresonius, Zeitach. Anorg 
Chem. 1913, 81, 4. F. M. P. 

ANAMIRTA COCCULUS or A. PANICULATA 
(Colobr.). The former ia the superseded name, 
and the latter the true name, of the Indian | 
Menispermaceous bane, whoso dried fruits 
(Grains of Paradise) are supplied under the name 
of Cocculus indicus {v. Cocculus inuu-ls). 

ANAMIRTIN v. Pk hotoxin. 

ANANAS, OIL or ESSENCE OF. A solution 
of ethyl butyrate in 8 to 10 times its weight of 
alcohol. It possesses the odour of the pine- 
apple {Ananas sativus (Seliult.)), and is employed 
in confectionery and perfumery ; also to imitate 
the flavour of rum (Hofmann, Annalen, 81, 87). 

ANANDONIS GREEN. Hydrated chromtuin 
sesqmoxide (v. Cuiiomium). 

ANASPALIN. Trade name for a form of 
wool-fat. 

ANATASE or Odahedrite, One of the tri- 
morphous forms of titanium dioxide (TiOg) met 
with as orystallised minerals ; the others being 
rutde and brookite. It is found as small, 
isolated crystals of a steel-blue or honey- 
yellow colour, in schistose rooks, particularly in 
the Alps ; and as microscopic crystals is of common 
oooiirrence in sedimentary rocks. L. J. IS. 

ANCHIETA BARK. ''Fho root bark of An- 
rhietea aalutaris (A. St. llil.), one of the Violacea% 
a bushy shrub growing at llio do Janeiro. It 
contains anchiettne, a substance crystallising iii 
straw-coloured nee^es, having a nauseous taste. 
Used for syphilis and quinsy (Peckolt, Arch. 
Pharm. [2] 97, 271). 

ANCHUSIN {Alkan?iin) v. Alkankbt. 

ANGYLITE. A hydrated basic carbonate of 
ceiium, lanthanum, and didymiiim, and stron- 
tium 4Co(OH)CO,'3SrOOs’3IlsO, found as siiiall, 
yellow, orthorhombic pyramids with curved faces 
,in syenite-pegmatite at Narsarsuk in the Juliano- 
haat) district, south Greenland ; pp.gr. 3*93. 

An allied mineral, with the formula | 

4(Ce,La,Di)g(C0«),*6SrC0,*(Ce,La,Di)a08, 

has been found as orthorhombic grains form- 
ing, with oelestito, monazite, felspar, &c., 
a constituent of crystallme limestone at Amba- 
toarinina in Madagascar. This has been named 
ambatoarinito (A. Lacroix, 1010). L. J. S. 

ANDA-ASSU, OIL OF, An oil obtained from 
the seeds of Joanneaia Princeps (Veil.), belonging 
to the Euphorbiaoea*, growing in Brazil. It is 
clear, slightly yellowish, odourless, with a taste 
at first nauseating and then sweet. It solidifies 
at 8^ its 8p.gr. at 18^ is 0’917G (Pharm. J. [3J 
12, 380). 

ANDALUSITE. One of the three modifica- 
tions of orystallised aluminium silicate AlgSiOs, 
and belonging to the orthorhombic system ; the 


other modifications being the minerals kyanite 
and fibrolite. Andalusite occurs in crystalline 
schists and metamorphio rooks, the variety 
chiastolite being specially abundant in the baked 
clay -slates surrounding intrasive igneous masses. 
It is also found as small crystals and grains in 
some granites, due probably to fragments of 
the surrounding slates having been incorporated 
in the igneous magma. Grains of anaalusito 
aro found in tlie sands and sedimentary rocks 
derived from those primary rocks. The pleo- 
' chioism, from olivc-grcen to rose-red, is a 
charactori.stic feature of the mineral under the 
microscope. D 3*18, 11 7^. Large, rough opaque 
crystals arc well known from Lisens-Alp in the 
Tyrol. Glcar transparent pebbles of a rich 
brown colour are found in tho Rio Jequitinhonha 
in Minas Gci aes, Brazil ; this material when out 
as a gom-stono displays the strong pleochroism. 
The variety known as chiastolito ^ows in cross- 
scclions of the prismatic crystals a dark cross 
of oarbonaccouB material enclosed in the lighter 
coloured andalusite ; such material is cut as a 
I gem-stone or chiiriii. Largo crystals of chiastolite 
have been found in considerable numbers at Bim- 
bowric, near Olary in South Australia. L. J. S. 

ANDAQUIES WAX v. Waxes. 

ANDE5INE. A soda-limo felspar belonging 
to tho group of plagioclaso-fclspars (v. Felspar). 

L. J. S. 

ANDESITE. A group of volcanic rocks of 
intermediate composition, containing on an 
average 00 p.c. of silica, and corresponding to 
tlic plutonie diorites. U'hoy aro usually dark- 
oolourod, ci>iupaot rocks, sometimes with a 
])orphyritic structure or a vesicular texture ; and 
uro composed osscntially of plagioclase-felspar 
with a ferromagnesian mineral, and sometimes 
a glassy base. According to tho ferromagnesium 
minoral present, the varieties bomblende- 
! andesite, biotite-aiidesit-e, and pyroxene-ande- 
site aro distinguislied. When quartz is present 
tho rock grades into tho dacites. Sp.gr. 2 *6-2 *8. 
They are of wide distribution. Tne Andes of 
South America and tho C’ordilleras of Central and 
North America are built up largely of andesites ; 
and hero, as well as in Hungaiy, ore-deposits, 
particularly those of gold and silver, frequently 
occur in connection with them. In the British 
Isles they are abundant in tho Midland Valley 
of Scotland, tho Cheviot Hills, tho Lake District, 
and in North Wales, and in these districts are 
quarried for road-stones. On the Continent 
they arc also used for building stone and mill- 
stones. L. J. S. 

ANDORITE. Sulphantimonite of silver and 
load AgPbSbsSe, crystallising in the ortho- 
rhombic system. The mineral was indepen- 
dently described in 1892 from Fels6banya in 
Hungary, and Oruro in Bolivia, under the names 
andorito, sundtite, and webnerite. It is dark 
steel-grey with metallio lustre, and a shining 
black streak ; no cleavage ; sp.gr. 5*35 ; H 3^. 
Analyses show 10-11*7 p.c. of silver (according 
to the formula Ag = 12*42 p.c.), there being 
small amounts of copper also present. At 
Oruro, in the San Job6 and Itos Atocha mines, 
it occurs rather plentifully as well-formed 
crystals and as a massive silver ore (Prior and 
Spencer, Minoralog. Mag. 1897, xi, 286 ; Spencer, 
ibid. 1907. xiv, 316). L J. S. 

ANDROGRAPHIS PANICULATA (Nees) or 
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Karsfai, An Indian plant; is used as a toni<^ 
and is similar to quassia in its action. 

ANDROPOGON OILS v. Oils, Essintial. 

ANDROSIN V. Glucosidxs. 

ANESIN (Aneaon). An aqueous solution of 
acetonechloroform, bavins marked anspsthetic 
and hypnotio properties (Apoth. Zeit. 1897, 12, 
608) (v. Acetonechloroform). 

ANETHOL v. Oils, Essential. 

ANGELICA OIL v. Oils, Essential. 

ANGELINE CioH,303N (surinamine, geoffro- 
yine, andirino, rhatanine) (Hiller-Bombion, 
Arch. Pharm. 1892, 230, 613 ; Goldschmidt, 
Monatsh. 1913, 33, 1379 ; 34, G59), m.p. above 
233° (indeHnitc). Identical with n-mcthyld- 
tjrrosine [a]p'+19*76®. Synthesised by Fischer 
and Lipschitz (Bcr. 1016, 48, 3G0). 

ANGICO RESIN. A Brazilian gum obtained 
from Piptadenia rigida (Bcnth.) lAcacia Angtcd ] ; 
soluble in water and proof spirit. Used in chest 
complaints (Symos, Pharm. J. [3] 13, 213). 
Angico wood is that of another Brazilian legu- 
minous plant, Knteroldbium elUpttcum (Bcnth). 

ANGlONEUROSIN. Syn. for nitroglycerin 
as used in pharmacology. 

ANGLESITE. Native load sulphate (PbSO^), 
forming brilliant, colourless, orthorhombic crys- 
tals, isomorphous with barytes (BaS04) and 
celestite (S1SO4). It occurs in the upper 
oxidised zones of veins of lead ore, havmg 
resulted by the alteration of galena (PbS). It 
is less common than cerussite (PbOOs), with 
which it has sometimes been mined as an ore of 
lead. Good crystals have been found at many 
localities, perhaps most abundantly at Broken 
Hill, in New South Wales. The mineral takes 
its name from the Isle of Anglesey, where 
crystals were found by W. Withering, in 1783, 
in the Parys copper- mine. L J. S. 

ANGOSTURA BARK or ANGUSTURA 
BARK V. OuSFARTA BARK. 

ANHALAMINE, ANHALINE, ANHALONI- 
DINE, ANHALONINE, v. Mezcalinb. 

ANHALONIUM « (CACTUS) ALKALOIDS. 
Seven dilTcrcnt ha os have been isolated from 
various species of cactus and have been invest!- 
gated chiefly bv Hoff tor. They arc derivatives 
of iS-phcnyletfiylamine. Anhaline is /i-p- 
hydroxyphenyldimethylethylaminc, 

HO C3H4 CH, CH3 N(CH-)3 

identical with hordenine. Mezcaline is i3-3'4’6- 
trihydroxyphenylethylainine. Anhalamine, an- 
halonidine and' pclloiiTie are meth}latcd 3*4*6- 
trihydroxyphenylethylamines, but anhaUmine 
and lophopnonne each contain two of their three 
oxygen atoms in a different kind of linking 
(E. Spath, Monatsh. Chem. 1919, 40, 129). 

ANHYDRITE. A mineral consisting of 
calcium sulphate CaS04, so named to distinguish 
it from the more common hydrated calcium 
sulphate, gypsum. From a pure aqueous solu- 
tion calcium sulphate crystallises as gypsum, 
but when the solution is highly charged with 
salts (sodium, potassium, and calcium chlorides, 
and magnesium sulphate) it separates as 
anhydrite. Anhydrite crystallises in the ortho- 
rhombic system, but in its crystallographic 
characters it shows little analogy with the 
orthorhombic barium and strontium sulphates, 
barytes, and celestite, with which it would be 


expected to be isomorphous An important 
character is the cleavage in throe directions 
parallel to the axial planes of symmetry ; the 
mineral, therefore, breaks up into cubes like 
rock-salt. Well-formed crystals are not coiu- 
mon ; they have been found in the salt- deposits 
of Germany and Austria, and in dolomite-rock 
in the Simplon tunnel, in Switzerland. Usually, 
the mineral occurs as compact, granular masses 
of a white, grey, reddish, or bluish colour, and 
resembling marble in appearance. Sp.gr. 2*9- 
3 0 ; hardness 3-3^, being considerably higher 
than gypsum. It is of frequent occurrence as 
layers interbodded in deposits of gypsum and 
rock-salt. The * anhydrite region ’ forming the 
base of the Prussian salt- deposits consists of 
alternating beds of anhydrite and rock-salt. 
Bands of anhydrite also occur throughout the 
salt- deposits, and are known to the miners as 
‘year-rings.’ In contact with water anhydrite 
becomes altered into gypsum with an inorcaso 
in volume of 60 p.c. On this account galleries 
in the salt-mines when driven through beds of 
anhydrite gradually become closed up. JCx ten- 
sive bods of the mineral occur in the gynsum 
deposits of Nova IScotia. In the red rocks of 
Permian and Triassio ago of the North of 
England anhydrite is not uncommon. For 
example, it forms a bed 7 foot in thickness in 
the Cocklakes gypsum mine at (‘umwliinton 
in Cumberland ; and it is recorded from Dur- 
ham, Westmoreland, Yorkshire, yiaifordsliire, 
Leicestershire, Nottinghamshire, Derbyshire, and 
Cheshire. For details of British occurrences, see 
Special Reports on the Mineral Besources of 
Great Britain, vol. iii, Gypsum and Anhydrite, 
Mem. Gool. Survey, London, 1916 ;2ndedit., 1918. 

Anhydrite has as yet boon put to few practical 
uses. It has been employca in agriculture as 
a ‘ land plaster.’ By exposure to the weather 
it becomes converted into gypsum, and can 
then be used for the manufacture of plasters. 
A bluish-violet, compact variety known as 
* vulpinite,’ from Vulpino in Lombardy, has 
been used as an ornamental stone. The sug- 
gestion to use gypsum as a source of sulphur 
would apply also to anhydrite. L. J. S. 

ANIL. The name of the American species 
of the indigo plant, Indigofera anil (Linn.). 

History. — First observed by Unverdorben in 
1826 among the products of the destructive 
distillation of indigo. Detected by Runge in coal 
tar in 1834, and by Fritzsche in 1840, among 
the products obtained by distdlmg indigo witn 
alkali hydroxides. Prepared by Zinin m 1840, 
by the reduction of Mitschorlich’s nitrobenzene 
with hydrogen sulphide. Unverdorben called his 
product kryatallin ; Runge, kyanol ; Fritzsche, 
aniltn ; Zinin, henzidam. 

In 1843 Hofmann showed that nitrobenzene 
could be reduced by a metal such as zinc in tho 
rosence of a dilute acid, and also that krystallin, 
yanol, anilm, and benzidam were identical with 
each other. Shortly afterwards Bechamp stated 
that nitrobenzene could be reduced by ferrous 
acetate in the presence of water, but that the 
oxalate, sulphate, Ac., had no effect. 

In the year 1856 Perkin’s discovery of mauve 
gave rise to a commercial demand for aniline, 
and the manufacture was commenced by Messrs. 
Simpson A Maule. 



ANIUNE. 

Preparaiion. — Benzene* then only obtained first in a copper still, later in an iron cylinder, 
in smaB quantities and with much difficulty, as The aniline was freed from water, rectifi^, and 
treatment of tar scarcely existed, was intro- was then ready for use. The selling price was 
duc^ into glass balloons (known as * bolt about a guinea a pound. 

heads ’) of 1 gallon capacity, and the calculated Somewhat latw cast-iron cylindcra of con- 
quantity of nitric acid, mixed with about an siderable size were used for the reduction, acetic 
equal volume of sulphuric acid, was gradually acid being still used and neutralised with soda or 
audod, the mixture swung round and well lime at the end of the reaction, and the aniline 
agitaM, and tlion allowed to stand. It was was in some factories distilled of! over a naked 
usual to have about twenty balloons in a row, fire, in others steam was blown into the mixture, 
and to add acid in turn until the reaction w'as and the aniline and water condensed and 


conutletc. separated. Acetic acid continued to be used 

The nitrobenzene was separated, washed, and ' until about 1866. Since that time the apparatus 

reduced wiLii iron bnrint/s And Acef ic A.>id. Af J 



Fio. 1, — AumiWE Oil Plant. 

A, Aniline pan. F, Feed hopper for borings. I., Gutter. Q, Gold-wator inlet. 

B, AgitaUng blades. G, Charging dish. iM, Receiving pan. R, Reoeiver 

C, Side lining plates H, Vapour pipe to coiide.iser N, Pipe from N B tank S, Steam pump. 

D, Bottom do. J, Piire-steam pipe. O, Condenser T, Settling tubes 

E, Wood plug for hopper K, Anilino-stearo do. P, Overflow U, Air pressure egg. 


has undergone little change, the treatment con- 
sisting in reduction mainly bv the use of iron 
and water, hydroohlorio acid being employed to 
start the reaction. 

The aniline machine shown in Fig. 1 is the 
type that gives the best results.* A careful 
comparison between this design and the hori- 
Eontu machine has proved unmistakably that 
the vertical machine is more economical and 
better in every respect. This is particularly 
the ease with regard to repairs and maintenance. 
The machine is of oast-iron, 1} inches thick, with 
driving gear, agitating shaft, and blades, as 

, ^ * Sec Chem. Trade J. 1006, 38, 69. The writer is 
mdebtei to Messrs Davis Bros, for permUslou to repro* 
dace the two figures. 


shown in the sket^ h. An important feature is 
the renewable east-iron lining plates at the 
sides and bottom, which protect the machine 
from the friction caused by the revolving mass 
of iron borings. It is 6 feet 6 inches deep, and 
4 feet 6 inches in diameter, having a total capa- 
city of 650 gallons. Steam is admitted through 
the vertical shaft, which is hollow, and passes 
through the extremities of the horizontal 
agitatmg blades. Twenty-one of these machines 
are required to produce 150 tons of anilme oil 
per month.* A charge of 1000 lbs. of nitrobenzene 
18 run into the receiving pan above the machines 

» Larger machines, on the same prindide, In which 
several tons of ultrobeiizens can be redueod, are usea 
by some manulacturen. 
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To fltart the reaction, 1 cwt. of clean east-iron | 
borings, 10 gallons of hydrochloric acid, and 
6 gallons of water are run in through the funnel- 
shaped hopper, and simultaneously ste-am is 
turned on and the nitrobenzene run in a thin 
stream into the dish on the top of the machine. 
The wooden plug in the hopper is driven in tight, 
and the space between it and the hopper is kept 
full of iron borings. By dexterously manipulat- 
ing the wood plug, the borings can be added 
without allowing any vapour to escape. This 
simple method of * feeding * the iron borings 
has proved bettor than many of the mechanical 
feeding devices that have been tried. Distilla- 
tion proceeds, and the distillate passes through 


the condense** and runs back into the dish, 
together with the nitrobenzene which is carried 
over. 'J'ho iron borings and nitrobenzene are 
added only in suflicient quantities to maintain 
a constant level in the dish. If the reaction 
procoods too \iolently, loss is caused by the 
formation of benzene. When the level of the 
liquid in the dish begins to lower, the supply of 
nitrohonzene and iron borings is increased. This 
process is continued until the whole charge of 
nitrobenzene is run in, which takes about 10 
hours. The total weight of iron borings re- 
quired is 9 cwt. A sample caught as it runs 
from the condenser should then be quite free 
from nitrobenzene, and t ''.o machine w ill contain 



Fia. 2. — Vacuum Still tor Anilinr Oil. 


A, Vacuum still. 

B, lotemal hollow stay. 

C. Steam tubes. 

D, Do. do. 

E. Steam inlet. 

F, Do. outlet. 

G. Vapour pipe to condenser. 

H. Pressure gauge. 


J, Condenser 

K, Cold-water inlet 
T., Overflow for water 

31, Receiver for distilled oil 

N, Do. do. do 

O, Conneotion from vacuum pump. 

P, Do, do do. 

Q, Inlet from condenser 


11, Inlet from condenser. 

S, Air* ad mission tap. 

T, Do, do 

U, Run-oil tap for distilled oil. 

V, Do. do. do. 

W, Connection from vacuum pump 


only aniline oil, watci, and oxide of iron. The I allowed to settle for 4S hour<*. The distillation 
supply of steam is then increased, so as to ' of the oil and water from the machine takes 
distu over the aniline oil and water,* and the ‘ about 7 hours, and during the last hour pure 
distillate is diverted into the tank licneath I steam ls again used, so that when the ojioration 
the condenser. The steam used for this dig- 1 is finished, tho condensed water loft in the 
tillation is not pure steam, but is generated from ' machine will bo free from aniline, and can be 
the aniline water mentioned below, in a separate ! used for flushing out the oxide of iron into the 
boiler. The aniline water is that which separates ’ gutter which runs to tho settling tanks outside, 
from the oil in the separating tubes, and con- The oxide, after tho water is drained off, is 
tains about 2 p.o. of aniline oil in solution. The dried and ground, and disposed of for the 
aniline and water in the tank below the con- purifioation of coal gas from sulphur. Large 
denser are pumped into the settling tubes, and quantities are also now bein^ used in tho manu- 

ifaoture of cheap black paints, and the con- 
! sumption in this direction is increasing. The 
I aniline oil which has settled to the bottom of 
tho settling tubes is run off into the air-pressure 


* In some works this distillation is not done, bat 
the contents of the reduction apparatus are passed im- 
mediately through a Alter press, the filtrate then runnimz 
directly or being pumped mto the settling tanks. 
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egg below, and blown into the oruic anilino oil 
store tanks, roadv for the iinnl purification by 
distillation in the vacuum still. The upper 
layer of water loft in the settling tubes, and 
which contains about 2 p.c. of anilino in solution, 
is, as already explained, used for feeding the 
aniline steam boiler. The average yield of 
crude anilino oil from each machine, with a 
charge of 1000 lbs. of nitrobenzene, is 766 lbs. 
Tho yield of pure aniline oil from nitrobenzene 
is given further on. 

The final purification of tho crude aniline oil 
is done in a vacuum still. The sketch (Fig. 2) 
shows one of those stills of recent design. The 
body of tho still is wrought-iron, 15 feet long, 
and 7 feet 6 inches in diameter, having a total 
capacity of 4000 gallons, and capable of dis- 
tilling 36,000 lbs. m one charge, 'fho steam is 
supplied from a boiler having a working pressure 
of 100 lbs. per sq. inch, at which pressure 
the steam posscssos a temperature of 170*. 
The internal steam tubes arc wrought-iron, 
2 inches in diameter. In place of the usual 
straight tubes which used to be expanded into 
both end plates, bent tubes are employed, 
which enter and return to the same end of the 
still. This prevents tho * tearing * of the tubes 
owing to expansion and contraction, and the 
* breathing * of the end plates, 'i’he ‘ column * 
is of cast iron, 18 feet high and 9 inches in 
diameter. 'Fho condensing coils consist of three 
vertical flat copper coils, 2 inches in diameter, 
arranged side by side in a wrought-iron tank, 
tho di: tillato entering all the three coils simultane- 
ously from the still head by means of branch 
pipes. Tho total lengtli of copper yiipo in the 
condenser is 432 feet, 'i'hc two receivers nermit 
continuous working, so that when tho nrst is 
full, as indicated by tho gauge-glass tube, it is 
shut o0, and the second brought into use. The 
contents of the first can then be drawn off while 
the second is being filled, and the vacuum is 
thus maintaiiK'd throughout. 

Tho still IS cliarged with 36,000 lbs. of crude 
aniline oil from tho store lank, and steam is 
turned on. T’he first fraction, about 7 p.c. of 
the distillate, consists of aniline oil and water, 
which is added to tho crude oil and water in the 
separating tubes. Tho next fraction is ‘light 
aniline,* and consists of aniline oil with a small 
(piantity of beiizeno. If the reduction of the 
nitrobenzene has been carefully performed, this 
fraction is only about 4 p.c. of the distillate. 
'It 18 collected and redistilled, giving pure 
aniline and benzene, the latter being returned to 
the nitrobonzeno department, to bo ronitrified. 
The next fraction is pure aniline oil of market- 
able quality, clear and water-white. Tho tail 
end, called ‘ last runnings,’ forms about 5 p.c. 
of tho distillate, and, on redistillation, yields 
80 p.o. of pure marketable aniline oU. The 
total yield of pure anilino oil obtained from 
nitrobenzene is 71 i p.o. As the pure benzene 
yields 164^ p.c. of nitrobenzene, and tho latter 
7 If p.c. of pure anilino oil, the total yield of 
pure aniline oil from pure bon/.ene is 110*86 p.c. 
Compared with theory, there is little room for 
improvement. 

The process of reduction and rectification as 
desoribed applies also to toluidine, and modifica- 
tions of the process are also in use for the pro- 
duction of xylidine and alphanaphthylamine, 


and of the reduction portion for the manufacture 
of metaphenylene- and metatolylene-diamine 
from the respeotive dinitro- compounds. 

Catalytic Reduction of Nitrobenzene.— Tha is 
effected by passing a mixture of nitrobenzene 
vapour and hydrogen (or other reducing gases) 
over a catalyst heated to a suitable temperature 
(usually 200‘’-300*’). The catalysts which have 
been proposed are copper (Eng. Pats. 13149, 
16334, 1914 ; 6692, 6409, 1916; U.S. Pat. 
1207802 ; D. R. PP. 139467, 282668 ; Fr. Pat. 
312616), nickel (Eng. Pats. 16936, 22523, 1913 ; 
D. R. P. 282492; Fr. Pats. 468033, and 1st 
addition), iron oxides (Fr. Pat. 462006), iron 
(D. R. P. 281100), and sUver or gold (D. R. P. 
263396). 

Many patents have been takbn out for the 
electrolytic reduction of nitrobenzene, but it is 
doubtful whether this process is used on the 
large scale. 

Tho reduction of nitrobenzene may also be 
carried out by boiling it with sodium aisulphide 
solution (D. R. P. 144809), and an 80 p.o. yield 
of anilino is said to be obtained by heating 
chlorobenzene with ammonia and a little copper 
sulphate (Eng. Pat. 3966, 1908 ; D. R. P. 
204961 ; Fr. Pat. 397486). 

Valuation of Commercial Aniline Oil. 

Anilino oil, as it occurs in commerce, miw 
contain as impurities water, traces of insoluble 
hydrocarbons and of orthotoluidino, sometimes 
traces of hydrogen sulphide, and, if carelessly 
made, of nitrobenzene, benzene, and ammonia. 
Besides these, which should be carefully tested 
for, there is possibly a certain amount of amino- 
thiophen, which has no deleterious action for 
most, if not all, of the purposes for which anilino 
is used, and which, moreover, for the present at 
least, cannot readily be got rid of. 

Tho method of testing usually adopted is to 
determine tho boiling-point of the sample. For 
this purooso 100 c.c. are introduced into a small 
boiling flask with side tube, and distilled through 
a short condenser into a graduated 100 o.c. 
cylinder. Readings of the thermometer are 
taken as each 10 c.c. of the cylinder fills, and the 
last when 96 c.c. are filled. An alternative 
method is to take readings of the cylinder at each 
fifth of a degree rise of the thermometer. It is 
also usual to note the temperature when the first 
drop has fallen from the condenser. The ther- 
mometer readings should be corrected for 
barometer and immersion of mercurial column 
in the vapour of the liquid, and of course for the 
errors peculiar to the thermometer in use. 

A few fragments of platinum wire, fire-brick, 
or wrought iron, should be placed on the bottom 
of the flask, and great care used to adjust tho 
size of the flame and rate of boiling. The flask 
also should be held by the neck in a good clip 
over the naked flame, gauze being apt to cause 
currents of heated gas to flow up round the neck 
of the flask and superheat the vapour. 

The specific gravity of the sample may also 
be taken (pure anilme has a specin^o gravity of 
1*0266-1*0267 at 15**), althougn this Indication 
is not of great moment if the boiling-points 
are good. 

The following is an example of the determina- 
tion of the boinng-point (Walter, Chem. Zeit. 
1910, 34, 702) 
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Temperature. 

182-4* 

182*6® 

182*8® 

183*0® 


P.C. over. 

3 

4 

6*6 

11 


Temperature. 

183-2® 

183-4® 

183-6® 

183-8® 


P.c. over. 
20 

97 

98 

99 


If, in carrying out the boiling teat, the 
temperature rises considerably at the end, the 
presence of toluidine may be suspected. This 
can be detected when a considerable quantity 
of oommeroial pure aniline is made into acet- 
anilide. On recrystallising this and working 
up the mother liquors, a small quantity of im- 
pure acetyl compound of low melting-point will 
always be found in the most soluble portion, or 
first mother liquors. 

Pure aniline molts at —6-2®, and boils at 
80®-8r/20 mm. and 184-4®/760 mm. 

Aniline may be tested for insoluble oils 
by dissolving 10 o.o. in 40 c.c. of hydrochloric 
acid and 50 o.o. of water. The solution should 
be quite clear. 

Nitrobenzene shows ilbolf with the insoluble 
hydrocarbons. A very delicate test for it is to 
shake the sample of aniline violently for a few 
minutes, and then to notice the colour of the 
froth. The merest trace of nitrobenzene colours 
it a very distinct yellow. 

The presence of water may be detected by 
distilling the sample (100 c.o.) as for a boiling- 

J oint determination, and collecting the first 
0 O.C. in a narrow graduated cylinder of 16 c.c. 
capacity, shaking with 1 o.o. of saturated 
sodium chloride solution, and reading off the 
volume of the latter. The method will not 
show the presence of less than 0‘3 p.c. of water, 
consequently, 0-3 c.c. must always be added to 
the amount of salt solution observed. It is not 
usual for aniline, sold as pure, to contain more 
than 0-5 p.c. of water. 

Toluidine liquid should boil at 197®->198®, 
show a 8p.gr. of about 1-000, and contain 
30*40 p.c. para-, the rest ortho- toluidine. 

OrtDotoiuidine. The sp.gr. of commercial 
orthotoluidine should be about r0037 ; b.p. 
about 197°-198° ; should not solidify on 
cooling to —4®. The pure substance boils at 
199*7®, and does not solidify at —20®. Its 
density at 15®, compared with water at 15®, is 
1-0031. 

Paratoluidine. Whvn pure, this melts at 
45® and boUs at 200-4®y760 mm. and 86°-87®/10 
mm. Its density is 1-046. Lunge (Chem. 
Ind. 1886, 8, 74) has published a tame showing 
the specific gravities of mixtures of o- and 
p-toluidine. 

For the estimation of small amounts of p- 
toluidine in o-toluidine, Schoen's method is 
perhaps the best. A standard oil is prepared, 
contaming 8 p.c. of p-toluidine and 92 p.o. of 
o-toluidine, 1 c.o. of which is dissolved with 
2 C.C. of pure hydrochloric acid in 50 o.o. of 
water, and oxidised cold by adding 1 c.o. of a 
saturated solution of potassium dichromate. 
After standing for two hours, the product is 
filtered, the precipitate being washed with water, 
and the filtrate and washings made up to 100 o.o. 
The toluidine to be tested is treated in the same 
manner, and compared colorimetrically with 
the almve solution. J. 0. C. 

ANILINE BLACK v, Dyuho. 

ANILINE BLUE v, Tbifbbntlmsthanb 

OOLOUBINO KATTBBS, 


aniline brown V. Azo. coloubimo 

MATTBBS. 

ANILINE SALT. The commercial name of 
aniline hydrochloride C«H(‘NHs,HGl. 

It is prepared in large quantities, for the use 
of calico-printers, who employ it in the produc- 
tion of aniline black. The process consists in 
mixing the calculated quantities of pure aniline 
and hydrochloric acid in lead-lined or nickel- 
lined tanks, and allowing the salt to crystallise, 
freeing it from mother liquors in a centrifugal 
machine, and drying at a low temperature, 
hydrochloric acid used should bo of good quality, 
free from iron and even from traces of copper, 
or the salt will rapidly blacken. 

The mother liquors may be neutralised with 
lime or soda, and the aniline recovered, or they 
may be boiled down and used in making magenta 
by the nitrobenzene process, &o. 

* Aniline salt " occurs in commerce in large 
white, nacreous and much-contorted plates. 

The great desiderata for the calico-printer 
are that the salt should be made from pure 
aniline and should bo dry and normal, contain- 
ing 93 parts of aniline to 36-5 parts of hydro- 
chloric acid ; it should bo free from sand and 
grit, which injure the printing machines. 

J. C. C. 

ANILINE YELLOW v. Azo- ooloubino 

MATTERS. 

ANIMAL OILS and FATS v. Oils and kats. 

ANIME and ANIMI v. OLXo-BpsiNS. 

ANISEED. (Anw, Fr., Cer.) The fruit of the 
Pimpmella Anisum (Linn.), cultivated in Malta, 
Spain, and Germany. Used for the preparation 
01 anise oil and coraials. Alcohol extracts 36-24 
p.c. of this spice (Biechele, Pharm. J. [3] 10, 
878). 

ANISE CAMPHOR v. Camphors. 

ANISE OIL. The essential oil of aniseed, 
obtained by distilling it with water. According 
to Landolph (Compt. rend. 81, 97 ; 82, 22^, it 
contains 90 p.o. of anethole, boiling at 22*6®. 
Anethole, according to Perkin (Chem. Soc. 
Trans. 32, 068), is p-all^lanieolo CelI«(OMe)CH : 
CH-CH, ; he obtained it by heating p-methoxy- 
phenylcrotonio acid. 

Anise oil is sometimes adulterated with 
fennel oil ; this can be detected by heating the 
oil, when the fennel odour becomes perceptible. 

Star anise oil has a similar colour and 
taste, but it does not solidify at 2® (u. Oii^, 
Essential). 

ANISIDINE. NH.-CsH4-OMe. Orthanm- 
dine. Obtained by the reduction of orthonitrani- 
sole with tin and hydrochloric acid or iron and 
hydrochloric acid (Mcistcr, Lucius, and Briining, 
D. B. F. 7217 of Dec. 3, 1878), is a colourless 
oil, which freezes at 2*6°, boils at 226*6® at 734 
mm. pressure (Mulhaiiscr, Annalen, 207, 239) ; 
at 226® at 760 mm. (Perl^, Chem. Soo. Trans. 
69, 1210), and has a sp.gr. I'lOS ^ 26®. Can 
also be prepared by^ heating a mixture of o- 
aminophenol, potassium methyl sulphate, and 
potassium h^^ebroxide solution under pressure. 
When diazotised and treated with jB-naphthol- 
disulphonio acid (R-acid), it yields antaoU-red 
(u. Azo- COLOUBINO MATTERS). A mixture of 
orthanisidine (2 mols.) and paraphenylenedia- 
mine ^1 mol.) is converted, on oxidation with 
potassium dichromate, into a reddish colouring 
matter formerly employed under the name 
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mfranUole (Kalle & Co., D. R. P, 24229 of 
Oct. 27, 1882 ; expired March, 1885). A nisi- 
dine is used for making chrome fast yellow 
G-G. azoeosin G and azocochineal. 

Paranlsldine, obtained from paranitranisole 
by reduction with tin and hydrochloric acid, 
ciystallises in r>nMins which melt at 55'5°-56‘5^ 
(liossen, Annulen, 175, 324) and boil at 246°- 
246° (Salkowski, Her. 7, 1009) ; 243° at 760 mm. 
(Perkin, Chem. Hoc. Trans. 69, 1210) ; p-anisi- 
dine, o-sulphonic acid, prepared by boiling the 
hydrogen sulphate of p-anisidine, when diazo- 
tised and coupled with jS-nanhthol, yields an azo- 
oompound forming rod lakes with baryta, 
alumina, &c. (Aktiongcsellschaft fur Anilin- 
Fabrikation, 1). 11. P. 14665). 

Chloranisidine, when diazotised and coupled 
with i3-naphthol, yields a rod compound in- 
soluble in water (Julius, Ludwigshafen and 
Jahrmaht, U.S. Pat. 695812) ; p- and ra-nitio- 
anisidine, when diazotised and coupled with 
iS^naphthol, yield red and pink dyestulTs (Imray, 
Eng. Pat. 26756 ; J. Hoc. Ohem. Ind. 1898, 1039 ; 
and Froyss, J. Hoc. Chcni. Xnd. 1901, 356) ; 
o-iodo-p-anisidino, when diazotised and tn‘att‘(i 
with naphtiiol sulphonio acid, yichls a red dyes 
similar to that obtained from p-anisidinc 
(Revordin, Her. 29, 907). 

Anisidine condenses with orthoforniic ester, 
and the resulting compound is used as an 
anaesthetic (Ooldchsmidt, Eng. Pat. 9792 j J. 
Soo. Chom. Tnd. 1899, 606). 

ANISOCHILUS CARNOSUS (Wall). An 
Indian plant belonging to tho Labiatic and 
containing a volatile oil. Used in quinsy. 

ANISOLE. Anisoil; Methyl phenyl ether 
OaHaOCHg. 

PrejHiration . — Anisole can be obtained by dis- 
tilling aiiisio acid or o-methoxy benzoic acid with 
baryta, or by heating potassium phonate with 
methyl iodide at 120° (Cahours, Ann. Chim. Phys. 
[3) 2, 274 ; 10, 353 ; 27, 439), It is prepared 
by passing a current of mctliyl chloride over dry 
sodium pTienate heated at 100°-200° (Vincent, 
Hull. Hoc. chim. 40, 106), and by heating phenol 
with methyl alcohol and potassium bisulphato 
at 160°- 160° (Act. Ges. fiir Anil.-Fabrik. ; 
B. R. P. 23775). It has been synthesised by 
fusing sodium benzene sulphonate with sodium 
niethoxido (Moureu, J. Pharm. Chim. 8, v. 211). 

Properties, — It is a colourless ethereal liquid, 
which boils at 155°-155'5° at 762*3 mm. (Schiff, 
'Annalen, 220, 105) at 153*9° (corr.) (Perkin, 
Chom. Soo. Trans. 09, 1240) ; melts at —37*8° 
(Von Schneider, Zeit. Phys. Chem. 19, 997) 
and has a specifio gravity 0 09L at 16° (v. 
Oils, Essential). 

ANISOMELES MALABARICA (R. Br.). A 
much-esteemed Indian plant belonging to the 
Labiat e ; an infusion of the leaves is used in 
intermittozA fevers, and tho essential oil is 
applied extemallv in rheumatism. 

ANISOTHEOBROMINE. Trade name for an 
addition product of theobromine sodium and 
sodium anisate. 

ANKERITE. A member of the group of 
rhombohodral carbonates containing calcium, 
magnesium, and iron, with sometimes a little 
manganese. The formula is like that of dolomite 
with the magnesium partly replaced by iron; 
in normal ankerite it is CaCOg*^Ig^Fe^OOa. The 


angle between adjacent faces of the rhombo- 
hedral cleavage is 73° 48'. D 2*96-3*1 ; H 
?*-*• . The mineral forms white, greyish, or 
brownish cleavage rhombs, cleavage masses, or 
granular masses. It occurs in some abundance 
with chalybite (FeCO,) in the iron mines of 
Eisenerz in Htyria, Londonderry in Nova Scotia, 
and in northern New York. The white, thin 
platy seams often seen in coal consist usually of 
ankerite. L. J. H. 

ANKOOL, AKOLA, DHERA, BARKf The 
root bark of Alangium Lamarckii (Thw,), one of 
tho Comaceie, us^ in leprosy and skm-diseases 
(Bymock, Pharm. J. [3] 9, 1017). 

ANNATTO. This is derived from the fruit 
of the Bixa orellana (Linn.), % shrub found 
native in Central America, and cultivated in 
Brazil, Guiana, Mexico, the Antilles, and India. 

To prepare the dyestuff, the seeds and pulp 
are removed from the mature fruit, macerated 
with water, and the mixture is left to ferment. 
The product is strained through a sieve, and the 
colouring matter which settles out is collected, 
partially evaporated by heat, then placed in 
boxes, and finally dried in the sun. 

Annatto comes into the market in the form 
of cakes, and among the different varieties 
Cayenne annatto is the most esteemed, and is 
considered to be the richest in colouring matter. 
It should contain from 10 to 12 p.o. of the pure 
dye, and not more than 5 p.o. of ash, whereas 
the amount of colouring matter in the Bengal 
product is frequently lower than 6 p.o. 

In 1848 Bumontal devised a new method for 
the preparation of annatto, in which fermenta- 
tion is avoided, and the pulp is simply washed 
out from the ca^tsules and off the seeds. This 
product known as htxin is said to be five to 
six times more valuable than ordinary annatto 
(Crookes, Byeing and Calico-Printing). 

Tho colouring matters of this dyestuff were 
first investigated by Chevrcul (Logons do 
Chimio appliqu^e h la Tcinture), who isolated 
two substances, one yellow, which was called 
orrellin, soluble in water, and a second, hixin, 
whioh is red and ve^ sparingly soluble. 

Bixin^ the useful colouring matter, was 
subsequently examined by numerous chemists, 
who were only successful in prepar^ it as an 
amorphous powder, and its isolation in a crystal- 
line condition was first achieved by Etti (Ber. 
7,446; 11, 864). 

Etti digested 1*5 kilos of purified annatto 
with a solution of 150 grams of calcined soda 
ash in 2*5 kilos of 80 p.o. alcohol on tho water- 
bath at 80°. The mixture was filtered and the 
residue pressed between warm plates, and again 
extracted with 1*6 kilos of warm 60 p.c. alcimol. 

The alcoholic filtrate was diluted with half 
its volume of water, concentrated, sodium 
carbonate solution added, and the crystalline 
precipitate of sodium bixin was collected after 
several days, and pressed. The product purified 
by solution in 60 p.c. alcohol at 70°-80° and 
reprecipitation with sodium carbonate was finally 
made into a oream with alcohol, and this, when 
neutralised with hydroohlorio acid, yielded 
crystalline bixin. 

A simpler method has been more recently 
devised by Zwlck (Ber. 30, 1972). Well-dried 
annktto is extracted for twenty-four hours with 
boiling chloroform, the extract evaporated, and 
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the rMidue thoroughly exhansted with Imroin. 
The product is crystallised from chloroform, 
and after washing with ligroin is repeatedly 
rccrystallised from the former solvent. 

iixin 0|gH,405 (Etti, l.c. ; Marchlewski 
and Matejko, Chem. Zentr. 1906 [ii.] 1266) con- 
sists of brown-ied or deep-red rhombic crystals, 
which, when slowly heated, melt at 191*6^, and 
when rapidly heated at lOS**. It is spari^ly 
soluble in the usual solvents, and of these it is 
most readily dissolved by chloroform or alcohol. 
Concentrate sulphuric acid dissolves bixin 
with a cornflower- blue colouration, and this 
reaction is ^vcn by minute traces of the sub- 
stance (cf, &ocin and Nycanthin). 

Monosodium bixin CggHggOsNa+^HgO is 
best prepared* by dissolving 10 grams of bixin 
in a solution of 1*2 grams of socQum carbonate 
in 300 c.c. of 12 p.o. ucohol at 70^ (Etti, Zwick). 
It is deposited on cooling in dark-red iridescent 
crystals, and can be obtained in the anhydrous 
condition by recrystallisation* from 70 p.c. 
alcohol (Marchlewslu and Matejko). 

Disodium bixin 02<,HggO6Na]-f-2HgO is ob- 
tained \/hen 20 grams of bixin is dissolved in a 
solution of 10 grams sodium carbonate in 600 c.c. 
of boiling 12 p.o. alcohol. It consists of a dark- 
red amoxphous powder (Etti). Mono'j^iaasium 
bixin CggHggOgit-f H22O and dipotaasium bixin 
CggHggOgKg-j-^HgO have also been prepared. 

Bixin contains one metboxyl group. Dis- 
tilled with zinc-dust, bixin yields, according to 
Etti, mdaxylcne^ mctafthylxj/lenef and a hydro- 
carbon C14H14, b.p. 270®-280°. 

According to Zwiok, bixin is readily reduced 
by sodium amalgam, and a compound ^ 'J3H.40O7 
is thus produced. Marchlewski and Matejko, 
on the other hand, studied the action of /.inc- 
dust and acetic acid, and obtained in this 
manner an orange-coloured crystalline substance 
which possessed a strong metallic lustre. When 
slowly nea ted it melts at 200 5°, but if the opera- 
tion IS carried out rapidly, at 208®-210°. This 
compound is evidently of an unstable nature, 
for whereas when freshly prepared it gives 
0=76'4, H=7*7 p.o., on standing for some days 
in the air it becomes colourless and then gives 
C=b8'6, H~6*8 p.o. At 100° this change occurs 
more rapidly. 

More recently there has been much con- 
troversy as to the correct formula for bixin. 

Van Hasselt (Chem. Weekblari, 1909, 6, 480) 
contends that pure bixin, which melts at 189°, 
is CgsH340^ rather than Og^Hg^Og, os proposed 
by Etti (l.c.). If heated at 190° in a current of 
hydrogen, 1 gram mol. of bixin yields 1 gram 
mol. of m- xylene, and no other volatile product, 
though it is not to be considered that a m-xylene 
nucleus exists as such in the bixin molecule. 
No palmitic acid could be obtained from bixin 
as Zwick suggests. Whereas both Etti and 
Zwick descried mono- and dipotas.sium salts 
of bixin, the latter is not in reality a compound 
of bixin, but of a new substance termed norhixin 
OK'CigHgoOg'OK, produced by a substitution 
a methyl of the methoxy group present in the 
former by potassium (Rm. trav. chim. 1911, 
30, 1). Norbixin CgsHggOg consists of a light 
red-coloured crystalline powder which decom- 
at about 240°, and is distinguished from 
by its insolubiUty in chloroform. 
Potassium bixinate with methyl sulphate 


gives bixin methyl ether B(OMe)g, or ^aoHggOg, 
plates, m.p. 166° (1909), and the same compound 
18 obtained when a solution of bixin in methyl 
alcohol is treated with potassium hydroxide and 
methyl sulphate (1911). On treatment with 
pota^um hydroxide, bixin methyl ether is con- 
verted into norbixin. Bixin ethyl ether OgiHgyOg. 
violet crystals, molts at 138°, and by methylation 
forms norbixin methyl ethyl ether OMe'B’OEt, 
m.p. 149°. 

Potassium norbixin, obtained from bixin 
and alcoholic potash, gives with ethyl sulphate 
norbixin diethyl ether CjKHsoOs(OKt)g, m.p. 121°, 
together with norbixin ethyl ether 

C.gH,o 03 (OEt)(OH), 

m.p. 176°. 

The relationship between norbixin, bixin, 
and bixin methyl ether is shown os follows : — 

OH-ROH OHROMe OMeROMe 

According to Hasselt, iso-bixin methyl ether, 
m.p. 149°, IS produced when norbixin ethyl 
ether is methylated, and it is thus evident that 
the two hydroxyls of norbixin are not symmetri- 
cally situated. lao-bixin OH'R'OMe, melts at 
178°, and may be obtained by the partial 
hydrolysis of bixin methyl ether, and this, by 
ethylation with ethyl sulphate, gives norbixin 
diethyl ether, m.p. 121°, tlie methyl being thus 
replaced by an ethyl group. Jso-bixm is dis- 
tinguished from bixm by the greater stability 
of its methyl group in presence of potassium 
hydroxide solution. 

The product of the reduction of bixin ob- 
tained oy Marchlewski and Matejko, and 
referred to above, is considered by van Hasselt 
to consist of dihydrobixin Ca^HseO^. He has 
also described dikydrohixin methyl ether C30H33O5, 
m.p. 174°; dihydro-iao-bixin C39H3eOe, m.p. 
190° ; and dihydro-norhixtn C2rtH84^B» which 
decomposes at 235°. 

By the action of bromine, bixin yields bixin 
decabromidt Cg^HjfOsBrio, whereas bixin methyl 
ether yields the analogous compound 

GsoHseOsBr iq, 

and both those substances arc colourless amor- 
phous powders. Attempts to benzoylate or 
aceWlato bixin were unsuccessful. 

On the other hand, Heiduschka and Riffarb 
(Arch. Pharm. 1911, 240, 43) consider that the 
old formula 02„H940 5 for bixin is preferable to 
that of C|BH940fi, advocated by van Hasselt. 
Bixin, by the action of bromine in the presence 
of chloroform, gives the compound gH 34O gBr 10, 
4HBr, melting at 143°, and this by heating at 
100° is converted into the decabromide 
OsgHggOgBrio, which can be obtained ciystal- 
line from alcohol, but is unstable. By the 
action of chlorine on bixin and norbixin respec- 
tively, the amorphous compounds OgOlio* 

4HC1 and C|7H920gClio» 4HC1 can be prepared. 

Van Hasselt (Rec. trav. chim. 1914, 33, 192), 
however, maintains that his formula for bixin 
OjyHtgOg is correct, and states that the dis- 
crepancy shown by the results of his own work 
ana that of Heiduschka and Riffart arises from 
the fact that bixin is readily susceptible to 
oxidation with the formation of amorphous 
products. The bixin of these latter authors 
was not completely pure, and it is quite oorreot 
that specimens which are purified by their 
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method give figurcB in harmony with the older 
formula 0|gHs405. Again, the analytical num* 
bera uiven by Marchlewski and Matojko for 
hydroDixin are explainable if bixin is given the 
formula OguUggOc* 

A now formula C-jHgjOg’OMc for bixin was 
now suggested by Herzig, Faltis, and Mizzan 
(Monatso. 1014, 35, 097), who state that it is 
difficult to correctly analyse bixin unless special 
precautions are adopted. Dihydrobixirit the 
product of the action of zinc- dust and acetic 
acid on bixin, melts at 178®-179°, whereas the 
methvl ether obtained by moans of diazomethano | 
and oixin, or methyl sulphate and potassium 
bixin, melts at 158°. 

Though, as Hassclt states, bixin at 100°- 200° 
yields m-xylene, tho reaction is hardly of a 
quantitative nature, in that the crude oil, 
wough containing this hydrocarbon, possesses 
no constant boiling-point. Rinkes fChem. 
Weekblad) suggests that the formula of bixin 
is Ca7Hyg04, though Ilcrzig and Faltis (Her. 
1017, 60, 027) in reply, reiterate that the expres- 
sion 0 261180^^4 is bo regarded as correct, and 
that the real difficulty lies in tho combustion 
of this colouring ma(l(‘r. lloiduschka and 
Panzer (Bor. 1017, 50, 510) point out, however, 
as tho result of further investigation, that the 
main difficultv is in tho punlieation of the 
substance. The most satisfactory products arc 
those obtained by moans of acetone and ethyl 
acetate, which, when analysed, give figures 
agreeing with tho formula C26H3(,04. 

When ozonised, methyl bixin forms an 
ozonide, and this by distillation, and partly by 
the action of calcium carbonate, gives among 
other products, mdhyh ^-acetyl acrylate^ and a 
crystalline compound m.p. 86°, which 

yields an oxime, m.p. 106°, and may bo the 
methyl ester of a ketonio acid. Methylbixin 
thus appears to contain the linkage 

6'M«CH:0H00Me 

(Rinkes and Hasslot, Chem. Weekblad, 1916, 13, 
244, and 14, 888). 

Sodium hynosulphite reduces hhein to a- 
hydrebixin, red needles, melting about 200°, 
nor bixin to a-hydronorb%x\n, violet crystals, and 
methylbixin to a-hydromet?iylbtxin, violet needles, 
m.p. 100°-102°. 

On the other hand, with titanium sesqui- 
oxide, bixin gives $-hydrobixin, norbixin 
*hydromrhxxin, and methylbixin ^-hydromtihyl- 
bixin, the latter of which melts at 170°. By the 
action of zino-dust both a- and ;3-hydrobixin8 
are converted into the same y-hydrobixirif yellow 
crystals, m.p. 207® (van Hassclt, ibid. 1910, 13, 
429). 

In a furtliT communicatiun Heidusohka 
and Panzer (Ber. 1017, 60, 1626) again maintain 
the probability of the formula 025Hao04 f(*r 
bixin. 

Dyeing Properties. — ^Annatto is still em- 
ployed to a fair extent for colouring oils and 
butter, but is almost extinct as a dyestuff m 
this country. As the orange-red colour which 
it yields is extremely fugitive to light, it has 
at no time been very extensively used. On 
the other hand, it resists the action of soap and 
dilute acids very well. 

In order to dye cotton, the annatto is first 


dissolved in a boiling solution of carbonate of 
soda, and the goods are then entered and left 
in the bath for a quarter of an hour. They are 
subsequently presi^ out, and washed in slightly 
acidulated water or alum solution. 

For silk, the bath is made up with equal 
parts of annatto and sodium carbonate ; soap 
is also usually added, and the dyeing is continued 
at 60° for about an hour, according to the shade 
required. The colour produced can be rendered 
somewhat more yellow bjy' passing the fabric 
through a weak solution of tartaric acid. 

Wool is dyed at 80°-100° without any 
addition to the bath. A. G. P. 

ANNEALING. {Lerecuitt’Er, ; dasAnlasaen, 
Gor.) A process which is applied princi- 
pally to glass and metals for the purpose of 
rendering them softer or less brittle. The 
process itself always consists in the application 
of heat for a period of time, which may varv 
from a few minutes to many hours, and which 
may bo followed by very slow cooling ; tho 
object of the process is to permit the material 
to attain approximate equilibrium in regard 
to its internal structure. This state of normal 
internal equilibrium may be disturbed either 
by the effects of rapid cooling or by the applica- 
tion of mechanical deformation. The former 
IS most frequently met with in glass, and in 
largo metal castings, while the latter is found in 
' wrought ’ metal of all kinds. 

In the case of substances which are poor 
conductors of beat, such os glass, and also in 
masses of metal which are so large that thermal 
conductivity cannot produce reasonable uni- 
formity of temperature, relatively rapid cooling 
sets up severe stresses, owing to the fact that 
tho outer or most rapidly cooled layers solidify 
or become hard and rigid first ; subsequently 
tho internal portions of the mass endeavour to 
contract in cooling, but find themselves con- 
stramed by their attachment to a relatively 
rigid external envelope ; tho tendency to 
thermal contraction is therefore overcome by 
severe tensional stresses. A body in this con- 
dition, while it may present the phenomenal 
strength of a * Rupert’s drop,’ is liable to sudden 
fracture, particularly if the surface is cut or 
broken. The annealing of glass has been 
studied with great care (Twyman, Journ. Soc. 
Glass Technology, vol. i. 1, pp. 61-74), and it has 
been shown that glass behaves as a true fluid 
whose change of viscosity with temperature 
follows an exponential law, so that the viscosi^ 
is halved for each rise of temperature of 8® (5. 
If, then, a piece of glass has been so cooled as 
to be heavily stressed internally, these stresses 
will be released if the temperature is raised to 
such a point that the viscosity becomes low 
enough for appreciable flow to take place in a 
few seconds. The temperature required for 
this purpose may be defined as ‘ the annealing 
temperature,’ and although it is not a definite 
critical temperature, tho rapidity with which 
the viscosity or ‘ stiffness ’ of the glass changes 
with temperature makes it possible to approxi- 
mate to a definite ‘ annealii^ temperature ’ for 
each kind of glass. Experimentally this may 
be done by heating an intemally-stramed speci- 
men of the glass in an electric tube-furace while 
keeping it under observation by means of a 
beam of plane-polarised light passing through 
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the glass while in the fiirnaoe-tube. When thus 
examined under * crossed Nicols ' the presence 
of internal stress makes itself apparent by a 
more or less well-defined cross, or at least by 
light and dark shading. This appearance 
remains practically unchanged (unless the heating 
is very slow), until the annealing temperature is 
reached, when the markings suddenly disappear. 
Such glass can then be fully annealed by heating 
to this temperature, followed by cooling in such 
a manner that no fresh internal stresses are set 
up. This usually implies very slow cooling 
until the glass is stiff enough to bo free from 
further risk in this respect. It should be 
noted, however, that slow dlftoling in itself is of 
no special advantage; all that is required is 
the maintenance of the greatest possible unifor- 
mity of temperature throughout the mass so 
that all parts of it sliall cool as nearly as may 
be simultaneously. In bodies like glass, which 
are poor conductors of heat, this can only be 
attained by extremely slow cooling, except 
where very thin pieces are concerned. In the 
case of metals, which are good conductors of 
heat, extremely slow cooling is not necessary 
in order to avoid the development of severe 
internal stresses, and as very slow cooling is 
undesirable in most metals because of the 
tendency to produce coarse and weak micro- 
structures, it 18 never employed intentionally. 
Annealing is, in fact, generally applied to metals 
for other jiurposes. 

Metals in the cast or other ‘ normal * con- 
dition consist of aggregates of minute crystals 
of approximately equal dimensions in all direc- 
tions ; when metal is mechanically deformed, 
as by hammering, rolling, or other working 
process carried on in the cold, these minute 
crystals are elongated in the same general sense 
as the moss of which they form part, and this 
deformation of the crystals is accoinpamod by 
the well-known hardening of the metal under 
cold work. This is due in part to the internal 
rearrangement which each crystal undergoes, 
and in part to the partial and local destruction 
of the crystalline arrangement itself, accom- 
panied by the formation of a hard amorphous 
^ phase’ (Ewing and llosenhain, Phil. Trans. 
1899, ser. A. exui. 363-376; Boilby, Phil. 
Mag. 1894). When the metal is subsequently 
annealed, i.e. heated to a suitable temperature, 
the metal ‘ recrystallises,’ the crystals rearrange 
themselves, and the original condition is tm* 
proximately restored. In some metals the mole- 
oular mobility is suck that recrystallisation takes 
place slowly even at the ordinary temperature 
(lead : Ewing and Rosenhain, Phil. Trans. 
1990, cxcv. 279-301 ; brass : Cohen, Rev. 
general des Sciences, April 30, 1910) ; but in 
the greater number of cases a high tempera- 
ture is required. In the great majority of pure 
metals, and m some alloys, the rate of subse- 
quent cooling IS immaterial so far as the softening 
effect is concerned ; but in certain metals and 
in a large number of alloys either allotropio 
or other changes take pl^ during gradual 
cooling, and these transformations are more or 
less u^bited by rapid cooling ; in such metals 
the rate of cooling through the * critical tempera 
tures ’ at which these changes occur is of material 
importance. The most striking example is | 
found in carbon steels containing upwards of ! 


} p.c. of carbon, which are moderately soft i^ 
cooled slowly down to a temperature of 660*’, 
but become exceedingly bard if suddenly cooled 
from a temperature ^ove 700®. In the case of 
hardened tool steel, the process of annealing 
consists in raising the steel to such a temperature 
(above 700®) that the changes which were 
I suppressed when the steel was hardened by 
; quenching are allowed to take place during the 
I heating and cooling process. 

In modern * hi^ speed tool steels * the 
I presence of a considerable percentage of tungsten 
(16-20 p.o.) or of molybdenum, has the effect of 
raising the annealing or softening temperaturo 
, veiy considerably. Prolonged exposure to a 
, temperature near 900® C. is required to bring 
about full softening, and tools made of these 
steels retain their cutting edge at a dull red 
heat (near 700® C.), while a carbon steel becomes 
useless at a much lower temperature (near 
j 400® C.). It is this property which makes it 
I possible to use * high speed ’ tools for working 
at rates which generate far more heat than 
carbon steel tools could withstand. 

A special form of annealing known as 
* normalising ’ is now frequently applied to mild 
steel with highly beneficial rcHults. The pro- 
cess consists in lioating Iho steel to a temperature 
just above the hignest critical point (from 
830° C. to 900° C., according to the carbon 
content), keeping it there just long enough to 
ensure that the wliolo mass has attained the 
desired temperature, and then allowing the steel 
to cool rapidly, usually by taking it out of the 
furnace and cooling it in the air. This treat- 
ment results in the refining of the structure of 
the steel (see Mbtallooraimiy) with a very con- 
siderable concomitant improvement in the 
physical properties, more especially as shown 
by the notched- bar impact test. 

In many metals the annealing process is 
liable to be complicated by the effects of 
chemical actiona between the metal and its 
solid or gaseous surroundings, as well as by the 
effects oF the growth of the constituent crystals 
of the metal; at high temperatures these 
crystals tend to increase m size, and the resulting 
coarsening of the grain of the metal leads to 
a deterioration in incchaiiical properties. 
Annealing at an unduly high temperature or 
for too long a*time thus becomes * over-heating,* 
and is injurious to almost all metals and alloys, 
notably to steel and brass. W. R. 

AnODYNIMS. Identical with antipyrine 

(3.V.). 

ANOOOlf. Trade name for the mercury 
salt of 2’6-diiodqphenol-4-Bulphonio acid. 

ANONA MURICATA (Linn.). A decoction 
of the root is used as an antidote for fish-poison- 
ing, and the bark serves as an astringent. The 
leaves are useful in softening abscesses, and from 
the seeds a wine can be prepared which is said 
to be beneficial in oases of diarrhoea (Chem. 
Zeit. 10, 433 ; J. Soo. Chem. Tnd. 6, 332). 

ANORTHITE v, Filspab. 

ANOZOL. Trade name for a preparation 
I of iodoform deodorised by 10-20 p.c. of thymol. 

ANTACEDIN. Calcium saceharatt. 

ANTALGINE. Trade name for saUoyl- 
aldehyde-a-methylphenyl hydrazone. Used for 
neuralgia and rheumatism. 

ANTHEMOL v. Camphobs. 
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ANTHIOME. Trado name for a Hoiution of work led (irafc (Sitzber. k. Akad. d. Wiss. 
potassium persulphate. Employed as a photo* Wien, 1906, 975; 1909, 1033 ; and 1911, 765) 
graphic reagent. ! to attempt to obtain similar results on a large 

ANTHOCYANINS. Many brilliant natural { scale, but although he succeeded in procuring 
effects are due to the colouring matters of this ' crystalline compounds in a number of cases, 
group. They have been the subject of investiga- his chemical results have been largely disproved 
tion for many years past, but it is only since by the later work of Willstatter and his colla- 
the work of Willstatter and Everest (Annalen, borators. 

1913, 401, 189) that chemical knowledge con- A considerable amount of investigation has 
cerning them has been placed upon a satis* been carried out upon the relationship existing 
factory basis. between the anthocyan pigments and the yellow 

Marquart (Die Farbcii der Bliiten, Bonn, sap colouring matters — flavones and flavonols. 
1836) first introduced the term anthocyan^ using ’ Hope (Trans. Roy. Soc. Ed. 1836) develojjcd 
it for the blue pigments present in flowers ; _ ideas concerning this matter ; Morot {l.c.), as 
gradually, however, the term became extended ' also Eilhol {l.c ), Houched upon it, whereas 
to include all red, purple, and blue flower, ‘ Frcmy and Cloez {l.c.) criticised the drawing of 
Ijcrry, or loaf sap-pigments, whilst the terms ! conclusions as to such relationships whilst so 
imlhocyanin and anthocyanidin were intro- . little was known concerning the pigments 
ducod by Willstiittcr and Everest to designate involved. Martens {l.c.) suggested that the 
the glucosido and non-glucoside anthocyan | yellow and red sap-pigments have their origin 
pigments respcetivclv. j in a faintly yellow- coloured substance produced 
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In like mnnncr he obtained anthocyanins 
when gliicosides of the flavonols were need. 
The evidence thus obtained by synthesis, and 
the structure proposed by Everest" were in com- 
plete agreement with the results of analytical 
work, carried out independently and concur- 
rently, by Willstiitter and his collaborators in 
the extension of their work on the anthooyan 
pigments, and they, after repeating the work of 
Everest, confirmed it (Sitzber. a./ K. Akad. 
Wise. Berlin, 1914, 769), and in this way obtained 
synthetio cyanidin chloride and proved it to 
be identical with Willstattor and Everest's 
cyanidin chloride, obtained from the cornflower. 
In connection with the production of anthocyans 
from flavone derivatives, the following papers 
should also be noted, viz. Stein, J. pr. Ohem. 
1862 and 1863; Hlasiwetz und Pflaundler, 
Sitzber. Wiener Akad. Wiss. mat.-natw. Klasse. 
1904; Watson, Chem. Soc. Trans. 1014, 105, 
389; Combes, Compt. rend, 1013, 157, 1002, 
and 1464. 

A further interesting synthesis of an antho- 
cyanidin (polargonidin) has since been carried 
out by WilLstatter and Zcchmeistcr (Sitzber. 
d. k. Preuss. Akad. d. Wiss. Berlin, 1914, 886), 
who made uso of a totally different series of 
reactions which may be represented thus : — 


ca 

I 



H 

Pelargonldln chloride. 


In this way the structure of all the antho- 
cyan pigments thus far investigated has been 
established. It is interesting to note that all 
are derivatives related to flavonols, and in this 
connection Everest {l.c.) has pointed out that 
as flavones are also mot with in plants, and 
that they yield red pigments on reduction, there 
is every reason to expect that anthocyans 
related to them may be brought to light as the 
result of further research. 

It would seem that these pigments are 
formed in Nature from flavonol derivatives 
first produced in the plants. Direct chemical 
evidence of this has been obtained by Everest 
(Roy. Soc. Prop. 1918, B. 90, 261). ‘ He has 
isolated the anthocyan ' pigment violanin^ a 
glucoside of dclphinidin. 
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from the purple-black viola (Sutton's) * Black 
Knight,' and has shown that, unless gossypetin 
is present, which appears unlikely, this pigment 
is accompanied in those flowers by a glucoside 
of myricetin : 



myr.cetin being the flavonol which would yield 
delphinidin by reduction. 

Some interesting substitution derivatives of 
the anthocyan senes have been prepared by 
Watson (Chem. Soc, Trans. 1914, 397 ; 1916, 
1477), as the result of treating flavone and 
flavonol derivatives with various Gngnard 
reagents. The following are typical examples 
of such compounds ; — 
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In 1913, in oonnootion with thoir investiga- 
tion of tho cornflower pigment, Willsiatter and 
Everest (l.€.) showed tliat ullanthocyan pigments 
ooGiirred in plants as gluoosidos (named by them 
Anihocijanins), and this generalisation has been 
supported and confirmed by all more recent 
worlc. In some few instances, however, c.g. in 
tho black grape, a small percentage of sugar-free 
pigment (named anthocyanidin) has been found 
to aooompany tho glucoside. 

Those authors introduced an important 
reaction whereby it is possible to determine 
whether a given anthocyan pigment is a glucoside 
or not. When a solution of the pigment in 
dilute aqueous acid (preferably ca. 0*6 p.c, 
HCl) is shaken with amyl aloohol (free from 
pvridine), tho pigment, if a di-glucoside remains 
almost quantitatively in the aqueous layer, but if 
it is a mono-glucoside (rhamno-glucosides behave 
in this test very similarly to mono-gluoosides), 
then an appreciable percentage of the pigment 
(m. 10 p.c.) passes to the amyl alcohol, out this 
can be removed by shaking tho alcohol layer 
repeatedly with fresh acid. If the pigment is a 
non-glucosido it passes quantitatively into tho 
amyl alcohol, and shaking with fresh aqueous 
acid does not withdraw it. 

The Aniitocyanidins. 

All the antliocyanins hitherto investigated 
are derivatives of three anthocyanidins, viz. 
Pdargmidin, Cyantdin, and Delphinidin, or 
of methyl ethers of these compounds. 

Pelargonldil}, which was first isolated in the 
form of its diglucoside, pelargonium from the 
Pelargonium xmiale (Meteor), may be obtained 
by the hydrolysis of that or any other of its 


gluoosidei isolated by WiUst&tter and hif 
collaborators; such compounds occur in the 
following flowers, either alone or mixed with 
other anthocyan pigments, viz. purple<red 
summer aster, Calltstephus chineime (Nees), syn 
Aster ehtnensis (Linn.); the scarlet Salvia, 
Salvta coectnea (Linn.), and 8. splendens (Sello.) ; 
the rose-coloured cornflower ; scarlet'ied 
gladiolas; and Zinnia elegans (Jacq. ). The 
colouring matter is most readily isolated as the 
crystalline chloride. 

Pelargonldln chloride CtsHnOiCl, or 3 : 5 : 7- 
trihydroxy - 2 - p - hydioxyphenyl -1:4- 
benzo-pyranol anhydrocnloride, has the structure 
represented by : 



and crystallises with one molecule of wat3r, this 
being removed only by drying in high vacuum at 
lor,^^ C. 

By the action of hydrochloric acid a related 
product is formed, the constitution of which 
is not settled. Pclargonidin chloride has been 
observed to yield three different crystalline 
forms : (i.) red tablets ; (ii.) red-brown four- 
sided prisms ; and (iii.) yellow-brown swallow- 
tail twin crystals (cf. Willstatter and Bolton, 
Annalon, 1915, 408, 42 ; and 1916, 412, 133) ; 
it is difficultly soluble in cold dilute acids, more 
soluble in warm ; in alcohol it is very easily 
soluble. An acid solution of the chloride gives a 
blue colouration on addition of sodium carbonate 
solution, but ferric chloride does not produce 
any colour reaction. Unlike any other known 
pigment of this series, it shows two absorption 
bands, one in the yellow-blue portion of the 
spectrum, the other in the violet, the latter 
lieing the one not observed in other oases. The 
conmound does not melt below 360® C. 

When decomposed by heating with con- 
centrated caustic potash, or by fusion with 
potash, the decomposition products are mainly 
phloroglucinol and p-oxy- benzoic acid, but a 
small quantity of protooatechuic acid is also 
formed. 

Pelargonldln ^-base CuHi^Oe, colourless 
prisms, not melting below 350® 0., is formed 
when the chloride is heated with water (pre- 
ferably by addition of a trace of sodium bi- 
carbonate), the product extracted with ether, 
and crystallised from water. It is very easily 
soluble in alcohol, ether, and hot water ; acidi- 
fication of an aqueous solution with HCl causes 
tho deposition o! the chloride. 

Pelargonidin chloride dyes wool (tin mordant) 
purplo-rod, and tannined cotton bluish-red; 
it does not dye unmordanted wool. 

Cyanidin, first isolated by Willstatter and 
Everest (l.c.) from the blue cornflower pigment 
(cyanin), may be obtained by hydrolysis of 
this or any other of its naturalfy occurring 

f lucosides, or from its methyl ether, peonidin, 
y demethylation. Glucoside-pigments derived 
from cyanidin have been isolated from, or 
detected in, the flowers of blue, and deep purple. 
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eomflowe^ rota ganiea, peonj, ohi^nthemum, 
dahli* (dero red), aeter, poppy. Zinnia degant, 
gladu>lM (hybrid), gaiOardta hieolor, hdtnium 
avinmnak, tvJipa gesneriana, tropixciium majtu, 
and in the fraita, or berries, of the sweet cherry, 
sloe^ cranberry, red currant, raspberry, and 
mountain ash. In some cases they are aocom- 
panied by derivatiTes of other anthocyanidins 
(tee various papers by Willstiitter and his 
collaborators). 

Cjanldln chloride OiiHnOeCl, 3:0:7'tri- 
hydroiT-2-m : p : dih^droxyphenyl-l : 4-bonzo- 
pyranol-anhydrochlonde ; 

yOn 

'f-O\0H 
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crystallises readily from 20 p.c. HCl, when its 
pure gluoosides are hydrolysed by boiling with 
this reagent for three minutes, the crystals, 
long reo-brown needles with metallic lustre, 
contain IH^O, which is very diflfioult to remove, 
complete drying being only obtained at 105^ C. 
in high vacuum. The anhydrous salt does not 
melt oelow 300° C. ; if dried at 50° 0. it melts 
at once if dipped into a bath at 220° C., but does 
not melt if put m at 200° C., and the temperature 
then gradually raised. It is %ery soluble in 
meth3d, or ethyl alcohol ; fairly soluble in dilute 
sulphuric acia : ditlicultly soluble in HCl. 
Neutral alcoholio or aqueous solutions lose 
their colour on standing owing to pseudo- base 
formation, acids reproduce colour, slowly if cold, 
rapidly if warm. The absolution spectrum 
shows one broad band with iU-dofined edges. 

Cyanldin colour base, separates in crystalline 
condition when a hot concentrated solution of the 
chloride in alcohol is mixed with twice its 
volume of water (cf. WUlstatter and Nolan, 
Annalen, 1915, 408, 13). It is fairly soluble 
in alcohol or pyridine. 

Cyanidin pseudo base CisHitOf, crystallises 
with one mol. H,0 when a dilute solution of the 
chloride in alcohol is mixed with twice its volume 
of water, warmed gently, then, after it has 
become colourless, evaporated in vacuo, extracted 
with ether, and the product crystallised from 
water. Readily soluble In water, alcohol, 
Eusetone, or glacial acetic acid, it is insoluble in 
benzol ; wiw soda it gives a yellow colouration, 
with HCl cyanidin chloride is formed and 
crystallises out. When decomposed by means 
of fused alkali protocatechuio acid and phloro- 
gluoinol are produced. 

Cyanidin chlorides dyes wool (tin mordant) 
blue-violet, cotton (tannined) violet, and unmor- 
danted wool fine rose (WUlstatter and Mallison). 

Delphinidin, first obtained by WUlstatter 
and Mieg (Annalen, 1915, 408, 61) from the 
pigment of purple wUd delphinium (delphinin), 
may also be obtained by hydrolysis of violanin, 
the only other glucoside of delphinidin itself 
that has as yet l^n isolated, or by demethyla- 
tion of its mono- or di-methyl ethers, several of 
which occur, as gluoosides, in a variety of 
flowers and fraita. 


Delphinidin ehloride OiBHnO,Cl, 3:0:7- 
tiihydroxy-2-m : m : p : trihydroxj^henyl-l ; 4- 



prepared by boiling the above-named glucosides 
with 20 p.o. HCl for two minutes, rarely sepa- 
rates pure from the hy^lysis as it is affected 
by concentrated hot HOI. Four distinct crystal- 
line hydrates have been described by WUlstiltter 
and Weil (Annalen, 1916, 412, 178), viz. with 
IHgO, IJHbO, 2H,0. and 4 HbO. W. and W.’s 
* first hydrate ’ (2H|0) separates from cold, 
aqueous alcoholic hydrochloric acid solutions 
(prepared by addition of 7-20 p.o. HCl to an 
alcoholic solution of the colour) when the alcohol 
is allowed to evaporate slowly ; it forms 
aggregates of prismatic tablets ; their * second 
hydrate* (IH^O) separates from cold, 3-5 p.o. 
hydrochloric acid as thin, sharply-cut, deep- 
violet, rhombic ‘ tablets ; their ‘ third hydrate * 
(4 HbO) is deposited from 6 p.c. hydrochloric 
acid in the form of fine red-brown prisms and 
needles; their ‘fourth hydrate^ (1 }HbO) 
separates from hydroohlorio acid containing 
more than 20 p.o. HCl, and is readily prepared 
by adding concentrated HCl to a solution of the 
colour in water, or dilute HCl, when an amor- 
phous precipitate is first produced, but this 
slowly crystallises. All the above hydrates 
lose their water of crystallisation in a vacuum 
desiccator at room temperature. Of these 
hydrates the third and fourth appear most 
readUy obtainable. 

The chloride is easily soluble in methyl, or 
ethyl alcohol, and in water — ^the aqueous solution 
soon d^osits violet flakes of the colour base — 
it is difficultly soluble in dilute sulphuric acid ; 
ether extracts a portion of the colour from an 
aqueous solution, but shaking the ether extract 
with aqueous acid completely removes the 
colour. Addition of soda to an acid solution 
yields a fine blue colour ; ferric chloride added 
to an alcoholic solution gives a pure blue, to 
an aqueous solution a violet colouration. When 
the chloride was treated with caustic potasli 
(75 p.o.) at 250° C., WUlstatter and Mieg ob- 
tained phloroglucinol, pyrogallol, and a small 
amount of gallic acid. The absorption spectrum 
consists of one band (yellow-green), which is 
fairly well defined. 

Delphinidin sulphate, long prisms, from hot 
dilute sulphuric acid. loiSie, brown prisms, 
or leaflets, obtained by boiling the chloride with 
concentrated hydriodic acid and phenol. Pt- 
crate, fine red-brown needles and prisms, diffi- 
cultly soluble in water. Colour hose, amorphous 
violet precipitation deposited from neutral 
aqueous solutions of the chloride on standing. 
Pseudo hcLse OisHjbOh, obtained by wanning a 
dilute solution of the chloride^ with a trace of 
primary sodium phosphate, extracting with 
ether and lecrystalusing the product from water 
or ether; colourless prisms, no melting-point; 
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easily soluble in alcohol, acetone, ethyl acetate, 
or fflacial acetic acid, less soluble in ether, 
insoluble in benzol ; aqueous soda dissolyes it 
with a yellow colour, aqueosts hydrochloric acid 
converts it into the chloride. 

Delphinidin chloride dyes mordanted wool 
(tin) blue, with violet tinge, tannined cotton 
blue-violet, and unmordantM wool violet. 

Methyl Eftier of Cyanidin. 

Peonldln, obtained by Willstatter and Nolan 
(Annalen, 1915, 408, 156) from the pigment of 
the deep violet-red peony, has been proved by 
them to be a mono-methyl ether of cyanidin. 

Peonldln chloride CtaHisOeCl forms a crystal- 
line hydrate with IHgO, long red-brown needles, 
fairly soluble in cold water, very soluble in hot : 
very soluble in alcohol; very difficultly soluble in 
cola, easily soluble in hot 1 p.c. HCl, rccrystal 
Using well from this medium. With boiling 
liydriodic acid it yields cyanidin iodide ; an 
acid solution yields a blue colour on addition of 
soda ; ferric chloride gives no charaeteristio 
colour reaction From the ferric chloride test, 
together with the alkaline decomposition, which 
yielded evidence of a methyl ether of the 
phenolic acid, but no methyl ‘ether of phloro- 
glucinol, and fufther, as the result of Zeisel 
estimations, Willstatter and Nolan suggest the 
formula) : 

/OMe 


HO 



.OH 


rO-""’ 


'^OH 


as probable for peonidin chloride. 

Peonldln sulphate, brown-red needles, from 
7 p.c. aqueous sulphuric acid. 

Methyi. Ethers of Delphinidin. 

(a) Mono-meihyl Ethers, 
Ampelopsidln, isolated as the chloride* 
CnHijO-CJl, by Willstatter and Zollinger (Anna- 
len, 1916, 412, 216) from the pigment of the 
ampelopsis {see below), crystaniscs in prisms 
containing water of crystallisation, the amount 
of which has not yet been definitely settled, 
and probably has the structure ; 


Cl 

i?0\ 


xOH 


^OH 

'OH 


rn- 

H 


Its investigation is not yet complete. 

MyitlllMin has been obtained from the 


Dements myrtiUin or etUhein (see below) by 
mllst&tter and Zollinger (Annaien, 1915, 408t 
83 ; and 1916, 412, 205) in the form of the 
ciystalline chloride Ci«H,s07Cl, clusters of deep 
brown prisms, or red- brown prismatic tablet^ 
containing 1JH,0. Upon evidence obtained 
from alkaline decomposition, and consideration 
of the ferric chloride reaction, W. and Z. con- 
sider that the chloride has one of the following 
structures, viz. : 

Cl 



I ^OMe 

Petunldin, prepared by Willstatter and 
Burdick (Annalen, 1916, 412, 217) from the 
pigment of the cultivated petunia {see below), 
forms a crystalline chloride Ci»HijO,Cl, yellow- 
brown prisms, or rhombic leaflets, containing 
2H|0; it is closely related to, but somewhat 
different from, myrtillidin, and W. and B. con- 
sider that petunidin is represented by one, and 
myrtillidin by the other of the two structural 
formulae set out above under myrtillidin, but 
at present a decision between them is not 
possible. 

Anihocyanidin from Vitis Eiparia Pigment, 
This product is probably one of the other 
possible mono-methyl ethers of delphinidin, but 
the work on it as yet is very incomplete. 

(b) Di-methyl Ethers. 

Malvldln, This compound has been isolated 
from the pigment of the wild mallow {see below) 
by Willstatter and Mieg (Annalen, 1915, 408, 
122), who obtained it in the form of its crystal- 
line chloride C17H15O7CI, deep-brown needles 
or prisms, often in rosettes, containing 2H,0, 
of which the last IHaO can only be removed at 
105° C., in high vacuum. It does not melt 
below 300° C. Easily soluble in methyl or 
ethyl alcohol, but the solution in methyl alcohol 
soon deposits a crystalline precipitate ; fairly 
soluble in amyl alcohol, it is difficultly soluble in 
dilute sulphuric acid. It gives no ferric chloride 
reaction, from which, and the fact that they 
obtained evidence from alkaline decomposition, 
that one MeO group was in each of the benzene 
nuclei, W. and M. have put forward the 
structural formiflio : 


Cl 
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Oenldin has been prepared by Willstatter 
and Zollinger (Annalen, 1015, 408, 83 ; and 
1916, 412, 195) from the pigment of the black 
grape, or red wine. It appears to exist in 
black grapes, with the glucoside oenin. 

Oenldin chloride C 17 H 15 O 7 CI crystallises in 
deep brown prisms or needles, with bronze 
reflex, containing of which the last 

half molecule is not removed until heated to 
135° C. in high vacuum. It is readily soluble 
in water, in methyl or ethyl alcohol, in dilute 
HCl or dilute sulphuric acid ,* an acid solution 
becomes violet on addition of soda, but blue 
with caustic soda. From the products of 
alkaline decomposition (which showed that no 
MeO group was present in the portion of the 
molecule which yielded phlorogluoinol, but at 
least one was in the other phenyl group), and 
the absence of a ferric chloride reaction, Will- 
statter and Zollinger have proposed the following 
formulae for this compound, viz. : 



Picrate, fine deep red prisms, very difficultly 
soluble in water. 

All the above-mentioned mono- or di-methyl 
ethers of delphinidin yield delphinidin iodide 
when boiled with concentrated hydriodic acid. 

TiiE Gluoosioes (Antiiooyamns). 

The glucoside members of this group are the 
pigments producing the reds, pj^mes, and blues 
whioh form so noticeable a part of the colourings 
of flowers, fruit, and autumn leaves. In many 
instances one pigment may produce all these 
shades, the colour being dependent on the con- 
dition of the cell sap ; Sius cyanin, as its potas- 
sium salt, is the blue of the blue cornflower ; 
as the colour base, it is the purple of the deep 
purple kinds of the same plant, whereas the 
same pigment in combination with plant acids 
gives the red colour to Boaa gaUica, 


Yellow sap pigments, flavone derivatives, 
being but very famtly coloured unless present 
as mkali salts, rarely play any great part in 
the colouration of flowers, except in the produc- 
tion of pale yellows, as in the primrose, or 
together with anthocyanins, where these are 
not strong, of pale peach-colour effects ; on the 
other hand, me strongly yellow, or orange, 
carotinoids produce — beyond the colourations 
for which they are solely responsible — orange 
and brown shades when present together with 
anthocyans. 

Ou^g to the varying sap conditions which 
occur, and their effect on tne pigments, it is 
not easy, and is often impossible, to obtain, by 
means of mere observation, any accurate estima- 
tion of the quantity of an anthooyan pigment 
resent in a flower; moreover the shaaes pro- 
need by different anthocyanins often resemble 
one another so closely as to make discrimination 
between them impossible (c/. Willst&tter and 
Malllson Annalen, 408, 147). 

Methods of Isolation, 

Willstatter and Mallison (l.c.) summarise 
the various methods used for the isolation of 
antho^anin pigments thus 

I. Precipitation and crystallisation of the 
chloride, e,g, ptlargonin. 

II. Special purification of the pigment 
followed oy crystallisation of the chloriao, e.g. 

\a) Gyanin (i). from blue cornflower, by 
purification of the alkali salt by precipitation 
with alcohol from aqueous solution, followed by 
conversion to the chloride and fractional puri- 
fication from alcohol by ether ; 

(ii.) from rose, or peony, by long standing 
with a mixture of glacial acetic acid, method 
alcohol, and HCl, whereby impurities are 
hydrolysed or acetylated. 

( 6 ) Myrtillin, by r^eated purification from 
aqueous solution by HUl. 

(c) Velphinin (i.) by purification of violet 
colour base from ^ute alcohol, soluble by addi- 
tion of concentrated alcohol ; 

(ii.) by gently warming with HCl, whereby 
impurities are hydrolysed, but not the delphinin. 

HI. Precipitation of the pigment as crystal- 
line picrate, followed by conversion of the pure 
picrate to chloride, e.g. Oenin, myrtiUin, idaein, 

I. Derivatives of Pelargonidin, 

Pelargonin, a diglucoside of pelargonidin, 
the pigment of the scarlet pelargonium zonale, 
was so named by Willstatter ahid Bolton (Anna- 
leii, 1915, 408, 42), to whom we owe our chemical 
knowledge of this pigment. Cf. earlier workers, 
Griffiths (I.C.), Molisch (l.c.), and Grafe 
Willstatter and Bolton have also shown that' 
this colouring matter occurs in the pink corn- 
flower, and the cactus dahlia (ibid, p. 149). 

Pelargonin' chloride C 27 H 31 O 15 CI c^stalUses 
in long red needles, containing dH^O, all of 
which is lost in veuiuum desiccator at room 
temperature. When anhydrous it softens at 
175*^ 0., melts at 180® 0. (decomposed). Not 
very soluble in water, methyl, or ethyl alcohol, 
its alcoholic solutions show characteristic 
greenish-yellow fluorescence. It is optically 
active. W. and B. give [ajj,® — 291®, Wei 4 =* 
--180® ; the salt shows an absorption spectrum 
consisting of one broad band. 
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Bam chloride dahlia flowers ; it is a diglucosida of ovaoidin. 

TT n fih *(0. H o V12H O WiUstatter and Everest (Annalen, 1913, 401, 

(0 ,;H,oO, 6) 1211,0, it in a iure condition, aa the 

dem violet miorosoopio needles, obtained by crystalline chloride, from the bine oomflower; 
boifine the normal olJon^ with 96 p.0. alcohol however, more readUy prepared from Bom 

for a few minutes. Acetate jaWico (W. end Nolan, Annalen, 1916, 408, 1), 

(C,7 H,oO i 5),*(C,7 H,oO u'CjH^O,), or the deep red dahlia ( W. and MaUison, Annalen, 

fine red needles from a solution of the base (see chloride C,7}^iOi6^« 

below) in warm glacial acetic acid. Pelargonin r®d-brown rhombic leafieto containing 2} mola 
base C,;H,oOt5, amorphous, difficultly soluble of water can only be completely dned a^05« p. 
in water or alcohol, obtained by the action of vacaum. Air-dned it is very difficult 


1910, 412, 113), as yet only obtained crystaUine ^nsompie m penzoi. in / p.c suipnuno acia « 
as picrate, is the pigment of the scarlet Salvia “ soluble, but the sidphate separa^ out 
spleens, in whicli it occurs to the extent of solution. Soda added to an acid solu- 

ca. 6 p.o. The chloride (not crystalline) when tion gives a pure blue ; feme cUonde gives a 
completely hydrolysed, yields pelargonidin fine blue m alcohol, violet m water. It shows 
chloride (L 36 p-oj. glucoS (<«. 30 p.c"), and 


mally in diatribution ^tweon amyl alcohol and ^9^®'“ give, for white light, [a]— 288° (±10°). 
aqueous acid, and it appears possible that P^crale^ red needles, very soluble m 


It behavSs abnor- is opticaUy active. WiUstetter and 


the glucose is present in a dehydrated form potassium salt, the blue pigment of the 

OdHroO,. Careful hydrolysis with HCl appears cornflower, wm obtained crystallme but not 
to remove the malonic acid, yielding a new pig- NaCl, by Willstatter and Everest, 


to remove tno malonic acia, yiciamg a now pig- ‘Vr 

menb Salviv, chloride, probably C,7H,70„cf (a after punfication by dialysis It is very soluble 
diglucosideof pelargonidin— 2J1 0) which shows water, insoluble m alcohol; its blue aqueous 
the same abnormal distribution as' the previous solutions become colourless on standing owing 
compound ; this was obtained in a crystalline formation oi pseudo- base, whereas m 20 p.c. 
fomfition by W. and B. Further gentle hydro- Na^ solution the coldur is stable for months, 
lysis then yields a true diglu coside of pelargonidin Mckocyanin, wolated by W illstatter and 

which was named fSfafwmnc/dorideO,;Ha Weil (Annalen, 1910, 412, 231), is one of the 

this body shows normal distribution for a pigments of the poppy (Papot^cr 
diglucoside anthocyanin, whilst by further and a diglucoside of cyamdin. Its isolation is 
careful hydrolysis it yields a mono-glucoside of difficult, and mvolvcs a separation from a 
pelargonin ancl glucose (1 mol.), whilst finally second pigment which has not y^ been mvesti- 
the monoglucosido yields pelargonidin and gated. The chlonde 027^3 jOi $01, cryst^hses 
glucose. W. and B. have not completed their ^ needles contammg 3H3O, 2 mofc. ^mg 
investigation of these tiigments, and the names readily removed, the third only at 105 C. m 
they have used are stated to be tentative. vacuum. Very cosily soluble m water, 

^lUstephln, a mono-glucoside of pelargonin, dilute HCl, fairly soluble in methyl, difficultly 
IS present together with asteiin (a cyanidin soluble in ethyl alcohol, msolublo in acetone, but 
gluooside) in purple-red asters {CaUistephus soluble m a mixture of acetone and water ; its 
chinc?ww(Nee8),syn.A«<erchnien5w(Linn.),from reactions dosely resemble those of cyanm 
which it was isolated by Willstatter and Burdick chloride. Ferrocyanide, fine red-brown needles, 
(Annalen, 1910, 412, 149). It was separated prep^ bv i^dmg podium ferroOTomde to a 
from afltnrin hv friuitinnal nrecinitatinn from solution of the chlonde in veiv dilute llCl ; 


from astorin by fractional precipitation 
alcohol by ether, and rocrystallised from aq 
alcoholic hydrochloric acid. Chloride 
C.iHa.OioCl, 


on from 
aqueous 


fairly soluble in water, sparingly soluble in 
alcoLl. 


n TT n n Mekocyanin chloride, when carefully hydro- 

*1 ai 10 I „ o, XT rs lysed, first yields a mono-glucoside (identical 

fine oroMe-red nee^es containing 2-21 H.O; Chryeahthemin) and 1 mol. glucose, then 

by further hydrolysis oyanidin aid a further 
“>,S04 • , Acid solutions become r^- . molecule of glucose. 

viaIaf. wifk alb-alifii • ir /fittau nA txii«ma AhlAi^AA > « « • « « • 


violet with alkalis ; it gives no ferric chloride 

reaction ; unlike pelargomn it does not show | jg pigment bf the sweet cherry (Prunde avium 
fluor^nce in alcoholic solution. | (i,mn.y)f and has been isolated by WUlstetter 

(Atmal®?. 1916, 412, k) from the 


Keracyanln, a rhamno-glucoside of cyanidin, 
is the pigment of the sweet cherrv (Prunua avium 
(Linn.)), and has been isolated by Willstatter 


.... — r — ana zioinnger (Annalen, laio, aiz, 104) irom tne 

nlf’ ^ I skins of tIatWt; the puiifioation ik tedious, 

Bolton (Annalen, I'Jlb, 412, 133) by ^rtiaj | and not final in form. Tfo cMur»ae0„H„O„Cl 
hydrolysis of pelargonin with cold concentrated i 


h .j_ 1 -• * 1 • -i.! IJ i 1. J ' WAIU. uwu 111 lunu. xuo wiM/r 411)0 \/37JUL3iv/i5\^i 

y tolysis of pelargonin with cold concentrated | poouis in two forms, fine needles otmtauning 
HClj^ony pelargomdin produced bemg removed 4110 ^nd short brown-yellow prisms contain- 
by ol »Myl alcohol, and i^e oUonde , jnJ’gjj n. The salt is eaedy soluble in methyl 

^rtaU^ed frim warm 2 p.c. HCl. CUortde alcohol, fairly soluble in ethj? alcohol, difficult^ 
PyH„0,„Cl, scarlet-red nreiUes, probably con- soluble O Ol-O-l p.o. HG, but easily solubfe 

S HCir to 

alcohoUo solutions show strong fluotescenoe. Pninleymln, isolated by WiUst&ttor and Zol- 

CyairiUp the pigment of blue or purple corn- ' of oyaniain, closely resembling meko4yanin ; 
floweifa also ocours in Bosa gaUica, and deep red its investigation is not yet complete. Chloride^ 
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not obtained crystaUine, but as small spherical 
particles; yields, on hydrolysis, oyanidin chloride, 
rhamnose, and a hezose (not yet identified), in 
approximately molecular proportions. 

Aiterin, one of the pigments of the purple- 
red aster (c/. Oallistephin), has been isolated by 
Willstatter and Burdick (i.c.), it is a mono- 
gluooside of oyanidin. The chloride iH, i O i iCl, 
red-brown prisms, containing l^H^O, closely 
resembles chrysanthemin chloride in its reac- 
tions, but differs greatly from it in solubilities 
in dilute acids. 

Chrysanthemin, isolated by Willstatter and 
Bolton (Annalon, 1916, 412, 136), a mono- 
gluooside of cyanidin, is the pigment of the deep 
red chrysanthemum {Chryaanihemum indicum 
(Linn.)). The chloride CaiH^iOnGl, red-violet 
leaflets containing l^HiO, resembles Ida^in 
chloride in many respects. Picraie, thin red 
prisms, difficultly soluble in water, sinters at 
155° C., melts at 166° 0. (decomp.). 

Idmln, the pigment of the cranberry ( Vacci- 
nium vitia idoea (Linn.)), has been isolated by 
Willstatter and Mallison (Annalen, 1916, 408, 
15) ; it is a mono-galactoside of oyanidin. The 
chloride C.iH,iOiiCl, brown-red prisms con- 
taining 2 IH 2 O, melts at 210° C. (frothing). 
Easily sofuble in water or alcohol, almost 
insoluble in dilute HCl ; ferric chloride gives a 
blue colour in alcohol, a idolet in water. It is 
optically active, W. and M, give : [a]^—— 219° 
(±16°). Picrale, red needles, more soluble in 
hot than in cold water. Sulphate, brown rhombic 
crystals from 7 p.o. sulphuric acid. 

Peonin, a d^lucoside of peonidin, the pig- 
ment of the deep violet-red peony, has been 
isolated by Willstatter and Nolan (Annalen, 
1916, 408, 136). The chloride Ca«H8,0,*Cl, 
red-brown needles containing 61^0, m.p. 
165° 0. ; for complete drying 100° 0. in high 
vacuum is necessary. Very easily soluble in 
water, easily soluble in alcohol, insoluble in 
acetone ; it resembles oyanin in many reactions, 
but ferric chloride gives no characteristic 
reaction. It is optically active. W. and N. give, 
for white light, [a]= — 191° (±6°). Picrate, 
red-brown needles, from water. 

3. Derivativea of Delphinidin. 

Delphinin, the pigment of the purple wild 
delphinium {Delphinium comolida (Linn.)), has 
been isolated by Willstatter and Mieg (Annalen, 
1916, 408, 61), and is a complex derivative of 
delphinidiia. UnUke all other known anthocyan 
pigments, it docs not appear to form a pseudo- 
base when its neutral aqueous solution is allowed 
to stand, or is warmed. Although the free 
colour base can be isolated by fractional pre- 
cipitation with alcohol, the compound is best 
isolated as the chloride jiCl, which 

appears to crystallise with 12 mols. of water, 
of which, however, only 10 can be removed 
even by ^ying in high vacuum at 130° 0. It 
forms aeep-rea prismatic tablets or prisms, and 
dried as above sinters at 160°-160° 0., then 
melts at- 200*-203® 0. (decomp, and swelling). 
Easily soluble in meliyl alcohol, difficultly 
soluble in ethjjrl alcohol, in dilate HCl (over 
0*5 p.o.}, or in dilute sulphuric acid; water 
xapioly produces the colour case; ferric chloride 
gives a blue colouration in aqueous or alcoholic 
solution ; sodium carbonate, to an add solution. 


gives a fine blue. The salt is optically active, 
W. and M. give [a]o= - 1364^ (±160°) ; [a]ei 4 =* 
—2273° (±150°) ; its absorption sneotrum 
consists of one bn^ band. When hydrolysed 
it yields delphinidin chloride (1 mol.), glucose 
(2 mols.), and n-oxy-benzoio acid (2 mols.). 
Colour base, produced by the action of water 
on the chloride, and recrystallised from dilute 
alcohol by slow increase in the concentration of 
the alcohol, forms rosettes of violet needles. 
Pkrate, red- brown flocculent precipitate, very 
difficultly soluble in water. 

Violanin, isolated by Willstatter and Weil 
(Annalen, 1916, 412, 178) from the blue-black 
pansy, and by Everest (Roy. Soc. Proo. 1918, 
B, 90, 251) from the purple- black viola, is a 
rhamno-glucosido of delphinidin. The chloride, 
probably C 87 H 8 iOieCl, forms deep red hexagonal 
or tetrahedral plates or tablets containing about 
16 p.o. of water. Its solubility in aqueous HCl 
decreases up to ca. 12 p.c. IICI, but increases 
again after ca. 20 p.o. HCl is reached ; it is almost 
insoluble in dilute sulphuric acid ; with soda an 
acid solution gives a blue colour ; ferric chloride 
gives pure blue in alcohol, or in water. Hydro- 
lysis yields delphinidin chloride, glucose, and 
rhamnose in approximately molecular propor- 
tions. Picrate, cnerry-red needles, fairly soluble 
in water. 

Ampelopsin, the pigment of the berries of 
Ampehpsia quinqicefolia (Michx.), Vitia hedc- 
racea (Ehrh.), has been isolated by WUlstatter 
and Zollinger (l.c.) ; it is a mono-glucoside of 
ampolopsicuD. The chloride C.,H„ OitCl crys- 
tallises in prisms containing 41120 ; easily 
soluble in methyl or ethyl alcohol ; sodium 
carbonate gives violet, caustic soda a blue 
colouration when added to an acid solution ; 
ferric chlorido only produces a weak reaction. 

Myrtillin, the pigment of the bilberry 
{Vaccinium myrtillua (Linn.)), has received at- 
tention from earlier workers —cf. Andree (Arch. 
Pharm. 1879, 13, 90), Heiso (f.c.), and others — 
but its isolation is duo to Willstatter and Zollin- 
ger (Annalon, 1915, 408, 83 ; and 1916, 412, 206). 
It is a mono-glucosido of 'myrtillidin. Tho 
chloride 023H23(3i8Cl, forms rod brown tablets 
containing iHgO, which is only k st completely 
in high vacuum at 106° C. It is ^ery soluble 
in water, or methyl alcohol, but less soluble in 
ethyl alcohol. Ferric chloride gives a blue in 
alcohol, violet in water ; sodium carbonate 
produces bluc-violct, caustic soda blue when 
added to an acid solution. Its absorption 
spectrum shows one band with ill-defined edges. 
Picrate, red needles, difficultly soluble in water. 

Althein, the pigment of the black hollyhock 
{Althaea rosea (Cav.)), has been isolated and 
described by Willstatter and Martin (Annalen, 
1916, 408, 100; cf. Polyt. Zentralblt. I860, 
1540 ; Gian, l.c. ; and Grafe, l.c.). The chloride 
CsgHgsOiaCl vhich crystallises in brown- red 
prisms containing 4 H 2 O, is easily soluble in water, 
^ute HCl, dilute sulphuric acid, or in methyl 
or ethyl alcohol, but almost insoluble in glacial 
acetic acid; ferric chloride gives a violet-blue 
colour in alcohol, and violet in water ; sodium 
earbonate produces a blue colour when added 
to an acid solution. It is optically active. W. 
and M. give [alaj,— — to5°; [o0]=— 546°; 

picrale is ciystalline and 

difficultly soluble. 
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Petunln, the colouring matter of the purple- 
blue petunia * Karlsruher Rathaus/ was isolated 
bv Willstatter and Burdick (Annalen, 1916, 412, 
217) ; it is a diglucoside of petunidin. The 
chloride C|AHts0,701 crystallises in prisms con- 
taining 2a ^0, which sinter at 166° C. and melt 
at 1^° C. It is difficultly soluble in dilute 
UCl, fairly soluble in dilute sulphuric acid, 
easily soluble in methyl, but less so in ethyl 
alcohol ; ferric chloride gives a poor blue colour 
in alcohol, or m water ; sodium carbonate turns 
an acid solution blue. 

The anthocyanin from the skins of the berries 
of Vitie riparia is a mono-glucoside of a delphi- 
nidin mono-methyl other, but, though obtained 
in a finely crystalline condition by WUlstatter 
and Zollinger (l.c.), it haus not yet been com- 
pletely investigated. 

Malvin, isolated by Willstatter and Mieg 
(Annalen, 1015, 408, 122) from the fiowers of the 
wild mallow {Malm ailvestris (Linn.)), is a diglu- 
coside of malvidin. The chloride Ca9UssOt7Cl 
forms long red prisms, or bundles of needles, 
containing 8H2O, all of which is lost at room 
temperature in vacuum desiccator. Difficultlv 
soluole in dilute HGl, or dilute sulphuric acid, 
it is easily soluble in methyl alcohol, but less so 
in ethyl alcohol. It gives no ferric chloride 
reaction ; sodium carbonate turns an acid 
solution blue. Ficrale, red needles, fairly soluble 
in water. 

Oenln, the pigment of black grapes, and of 
red wine, has been the subject of many investiga- 
tions from the time of Berzelius (1837), but 
Willstatter and Zollinger (Annalen, 1910, 412, 
198) fitst isolated and described this substance, 
which is a mono-glucosido of oonidin. The 
cAkirufeOs.HssOiiCl, deep rod prisms containing 
4 or 6HsO, is easily soluble in water, fairly 
soluble in dilute HCl, easily soluble in dilute sul- 
phuric acid, fairly soluble in ethyl, and more so 
m methyl alcohol. With ferric chloride it gives 
no colouration : with sodium carbonate an acid 
solution becomes blue. It is optically active, and 
W. and Z. give ra]ea7=-642° (i60°) ; and 
ro]o=»—421° (±30°); its absorption spectrum 
shows one band. Picrate, bundles of oarmine- 
red needles, difficultly soluble in cold water, 
easilv soluble in hot. 

The coloifr reaction with alum, described by 
Willstatter and collaborators for many of the 
pigments of this series, is duo to traces of iron 
in the reagent (A. E. Everest, Proc. Roy. Soc. 
1918, B. 90, 260). 

Dybino Properties of the Anthooyans. 

The anthocyanins and anthooyanidins are 
capable of dyeing not only on morcUmted wool, 
but also on tannined cotton, and indeed some 
are described by Willstatter as capable of dyeing 
unmordanted wool. 

The shades obtained vary from rose to 
violet and blue, and are fast to light, but very 
unstable to most reagents, and, owing to pseudo- 
base formation, even to water. 

TAe substances prepared by Watson, and 
mentioned above, resemble the natural antho- 
ovans in tinctorial properties, though some of 
them show very much greater fastness, and in 
this respect approach the requirements of 
technical practice. 


Everest and Hall (private communication) 
have confirmed the fact that the affinity of the 
anthooyans for tin-mordanted wool is connected 
with the phenolic OH groups pri'sent in them. 
They have also shown that their affinity for 
tannined cotton is independent of these groups, 
but dependent upon the presence of the pyiylium 
ring. Thus the co r.y ound : 


Cl 



which is the parent of all the anthocyanidins, 
has no affinity for tin-mordanted wool^ but 
readily dyes tannined cotton. On the other 
hand the compound from which the above 
substance is formed by closing the pyrylium 
nng 



has no dyeing properties. 

Further observations have also shown that 
the compounds whic‘h Watson described as 
dyeing tin-mordanted wool also fall into line in 
respect of tannined cotton, which they dye very 
readily. 

It IS not at all impossible that a new series 
of technically useful colours for tannined cotton 
may result from further research in this field. 

For fuller details the original papers, or 
The Natural Organic Colouring Matters, Perkin 
and Everest (Series of Monographs, Longmans), 
should bo consulted. A. E. E. 

ANTHOKIRRIN. The yellow crystalline 
matter of the flowers of the yellow toadflax 
{Linaria vulgaris). Formerly used as a dyeing 
material, but the colour is not permanent. 

ANTHOKYAN, The expressed juice of the 
sweet or purple violet {Viola odorato), gently 
heated to 89*, then skimmed, cooled, anil 
filtered. A little rectified spirit is then added, 
and the following day the whole is again filtered. 
Used to make syrup of violets, and to colour and 
flavour liqueurs. 

ANTHOPHACIN. A term given by Mobius 
(C3iem. Zentr. 1901, i. 190) to the brown colouring 
matter of flowers. 

ANTHRACENE Ci 4 H . q. Discovered by Dumas 
and Laurent in the highest boiling portion of 
coal tar, and termed by them paranaphihalene 
(Annalen, 6, 10) ; further examined by Laurent, 
who re-named it arUhracene (Annalen, 34, 287) ; 
first obtained pure, and its composition deter- 
mined, by Fritzsche (Annalen, 109, 249), and 
more eicactly studied by Anderson (Annalen, 
122, 294 ; Chem. Soc. Trans. 15, 44). 

Occurrence . — ^Anthracene is one of the pro- 
ducts of the destructive distillation of coal, and 
is found in the tar; the average yield of the 
pure hydrocarbon is about 0*3 p.c. of the tar 
obtains. 

A new source of anthracene has been an- 
nounced (Dingl. poly. J. 246, 429) in the tar 
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obtained when the residue, left after the iUumi- The residue contains from 46-60 p.c. of the 
listing oils have been distilled from Baku petro- hydrocarbon, but inasmuch os it is not re^y 
leum, is allowcid to fall on pumice in red-hot iron reduced to powder, and nnleu ^ finely divided 
reto^ 1000 kilos of naphtha residue under is only slowly attacked by oxi^sing agente, it 
these conditions yield 600 o.m. of gas, used to is sublimed by passing steam, heated at 220 - 
heat the retorts, and 300 kilos, of tar, containing 240®, over the melted product, and condensing 
about 0*2 p.c. of pure anthracene. The supply the vapours in a chamber by jets of water, 
of the naphtha residue is, however, too limited The anthracene thus obtained is in leafy masses, 
to render anthracene from this source a serious containing from 60^-60 p.o. of the hydrocarbon, 
competitor with that from coal tar. ^he chiei impurities consisting oi carbazole 

According to Elliott (Amer. Chem. J. 6, (10-12 p.c.), phenanthrene, pyrene, chrysene, 
248), the tar obtained in the manufacture of aad o^ber hydrocarbons, together with small 
gas by the destructive distillation of light quantities of phenols of high boiling-point, and 
petroleum naphtha boiling below 160® contains acridine ; it can readily bo ground to a paste, 
2-63-2-90 p.c. of anthracene. A remarkable and is now sufl&ciently pure for conversion into 
production of anthracene, during the distillation anthraquinono by oxidation. If, however, 
of the higher-boiling portions of crude phenol, dicJiloranthraceno is required, further purifica- 
has been observed by Kohler (Bcr. 18, 859). tion « necessary ; this can bo effected by 
Anthracene is obtained by the distillation distil^tion with caustic potash, whereby im- 
of rhein with zinc-dust (Oesterle and Tesza, purities such as carbazole and bodies of a 
Arch. Pharm. 1908, 432), but this production phenolic character are retained, and anthracene, 
is of no commercial value. together with phenanthrene, distils over with 

Pre'paration (Auerbach, Das Anthracen und no greater loss than occurs if the 60 p.c. nroduot 
seine Derivate; Kopp, J. 1878, 1187 ; Perkin, is distilled alone; caustic soda cannot be sub- 
Joum. Soc. Arts. 27, 672 ; Lunge, Coal Tar and stitutod for the potash, since it produces no 
Ammonia). — ^Anthracene is obtained from the purification of any consequence. Instead of 
‘green grease* which forms the last portion of distilling washed anthracene, (100 parts) with 
the ‘ heavy oil * or ‘ dead oil * of the tar distiller ; caustic potash, Perkin employs a mixture of 
this at first is greenish-yellow in colour, but Montreal potash (30 parts), which usually 
turns more brown by the action of the air, and contains potassium hydroxide in considerable 
becomes semi-solid on standing, owing to the quantities, and caustic lime (6 parts). Unless 
separation of solid substances. It contains, lime is used, the residue in the retorts forms a 
amongst other substances, naphthalene, methyl hard cake, which can be removed only with 
naphdialene, anthracene, methyl anthracene, difficulty. Hydrogen is evolved during the 
phenanthrene, chrysene, carbazol, and acridine, distillation. The distillate is freed from phon- 
together with hydrides of anthracene and anthrene by washing with coal-tar naphtha, and 
phenanthrene and other high-boiling liquids, the residue is a very pure anthracene. This 
When no further separation occurs, the mass is production of phenanthrene, oven from anthra- 
subjected to filtration, either in a centrifugal cene which has been freed from this impurity by 
machine or a filter press, first in the cold and extraction with solvents previous to distillation 
finally at 40® (Gessert, Dingl. poly. J. 196, 643) ; with caustic potash, is noteworthy and points to 
or is filtered though strong linen bags, and the probable existence of molecular compounds 
afterwards submitted to hydraulic pressure in a of phenanthrene with other of the impurities of 
press so arranged that the plates can be heated the washed anthracene, which are destroyed 
with steam and the ce^o hot-pressed. A during the distillation with caustic potash. This 
notable quantity of anthracene remains dis- process of Perkin has been subjected to con- 
solved in the expressed oil, and especially in siderable criticism. According to Auerbach, a 
the portions separated when the temperature is loss of anthracene to the extent of 10 p.o. occurs, 
raised, and is recovered by redistilling and and this, added to the cost of fuel employed, 
working up the product as just described. The renders it the most costly method of purification 
hard yellowish-green cake obtained, containing yet devised. The great advantage of the 
25-40 p.c. of pure anthracene, is ground to a method, however, is that it brings anthracenes 
fine powder in mills and heated with coal-tar of different origins to a similar condition of 
naphtha (b.p. 80®-100®), solvent naphtha (b.p. purity ; even pitch anthracene — obtained by 
120®-190®), creosote oil, or petroleum spirit the distillation of gas-tar pitch in iron retorts 
(b.p. 70®-i0(f!.), in large iron vessels provided withtheaidofsuper-hoatedr steam, and generally 
wiui stirrers. Petroleum spirit is to be pre- unsuitable for purification owing to the difficulty 
ferred (Perkin), since it dissolves less anthracene of removing higher hydrocarbons associated 
whilst the impurities are sufficiently soluble with it — works |>erfectly well after it has been 
in it to be removed if the quantity of solvent subjected to this process. 

employed is 2-3 times as great as that of the Many modifications in the method of puri- 
antnraoene to be purified. Solvent naphtha, fying crude anthracene have been introduced, 
consisting essentially of xylenes, pseudo-cumene A method based on the far greater solubility 
and mesitylene, is extensively employed, as of the impurities in mixtures of aniline, pyridine, 
phenanthrene is much more soluble than anthra- or quinoline bases, has been patents by the 
oene in this solvent. It does not, however, Chemische Fabriks-Actiengesellsohaft in J^m- 
remove the oar Wole, which is usually present burg (D. R. P. 42063 of April 16, 1887). The 
to the extent of 1^18 p.c. When creosote crude anthracene is dissolved at 100® in 14-2 
oil is used, it must be free from naphthalene ; times its weight of a dehydrated and rectified 
the advantage of using creosote oil is that mixture of tar bases (pyridines) separated from 
it dissolves out the methyl anthracene, the the light oil obtained in tar distillation (compare 
anthracene being practically insoluble therein. D* R. P. 34947 and 36372), and the solution. 
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on coolings yields a orysialUne separation of 
anthracene almost free from carbazolo and its 
homologuei. The patentees state that a 33 p.o. 
anthnk<^e dissolved in 1*75 times its weight 
of pyridine bases yields on crystallisation an 
82*6 p.o. anthraocno, whilst when dissolved 
in twice its weight of a mixture of equal parts 
of pyridine bases and benzene, it yields an 
^ p.o. anthracene, and in twice its weight of a 
mixture of equal parts of benzene and aniline a 
76 p.o. anthracene. The recovery of the an- 
thracene contained in the mother liquors offers 
no special difficulty. 

Remy and Erhart (D. R. P. 38417 of Jan. 19, 
1886) have proposed o^stallisation from oleio 
acid as a moans of purification of crude anthra- 
cene. Tho difficulty of recovering the anthra- 
cene contained in the mother liquors would seem, 
however, to deprive this method of technical 
importance. 

Qraham (Chom. Nows, 33, 90, 168) has 
devised a method for recovering anthracene 
from the filtered oils used in its purification. 

Tlio Farbenfabriken vorm. Fricdr. Ba^er & 
Co. (D. R. P. 08174 ; Eng. Pat. 6639 ; J. Soc. 
Ohem. Ind. 1893, 439) employ liquid sulphur 
dioxide, which dissolves the impurities of crmlo 
anthracene, but very little anthracene itself. 
000 kilos, crude anthracene is mixed in a wrought 
iron agitator with 2400 kilos, liquid sulphur 
dioxide, first exhausting the air and then allowing 
the sulphur dioxide- to enter. Tho reaction 
having ceased, tho mass is force<l by its own 
vapour pressure into an iron steam-jacketed, 
filtering tower, whore anthracene of 70-80 p.o. 
remains behind. The mother liquor is distilled, 
tho sulphur dioxide bein^ collected and recon- 
densed oy means of an air-oom pressor. 

Another patent of tho same firm (D. R. P. 
78801 ; Eng. Pat. 7802 ; J. Soc. Chom. Ind. 
1896, 361) recommends the use of acetone or 
other fatty ketones as a purifying agent. 
660 kilos, crude anthracono is stirrocl in a stoam- 

i 'ookoted cylinder with 760 kilos, acetone for an 
lOur. After cooling the separated anthracene 
is filtered and washed with 376 kilos, aoctono. 
The second liquor is used over again, and the 
first is distilled to recover the acetone. From 
crude stuff containing 34 or 36 p.o. authraoeno, 
an artiole of 82 p.o. is easily made, and only a few 
Mr cent, anthracono remain in the residue after 
Stilling off the acetone. Tho acetone may be 
used in the form of * raw' acetone * or * acetone 
Oils.* 

Welton (Eng. Pet. 27669 ; D, R. P. 113291 ; 
J. Soo. Chom. liidL 1900, 139) purifies crude 
anthracene by means of liquid (anhydrous) 
ammonia, which dissolves out most of the 
impurities, but not tho anthracene itself. 

Luyten and Blumer (Eng. Pat. 14802 ; 
D. R. P. 141186 ; J. Soc. Chom. Ind. 1901, 796) 
state that when antliracone is purified by 
solvents such as naphtha, acetone, Ao., the 
present of tar oil in the crude anthracene is 
benefioial. 26 parts of drained crude anthra- 
cene are heated with 36 parts of naphtha until 
the tempeiature is near that of tne solvent. 
On coolings the anthracene crystallises out and 
is filtered and washed with a little of the solvent. 
It is dried by boating to fusion, and distilling 
^off the solvent ; 80 p.o. anthracene is obtained 
by this method. 


The Aktien Gesellsohaft fiir Theer und Enlol 
Industrie (D. R. P. 111369; Eng. Pat. 7868; 
J. Soo. Chem. IndL 1899, 760) heat crude 
anthracene to fusion, and allow it to cool until 
60 p.c. has cry&tallis^, when tho mother liquor 
is run off and again allowed to crystallise. The 
second crop can be raised to the value of the 
fi^t (46-50 p.c.) by another fusion. This 
product is again fused and treated with caustic 
potash lye (60 p.c.) in quantity sufficient to 
react with tho carbazole present. When the 
reaction is complete, the mabS separates into tivo 
layers, tho lower pari being potassium carbazole. 
The upper anthracene layer is run into its own 
volume of 90*8 benzol, which dissolves any 
phonanthrene. The anthracene is pressed or 
centrifuged, and again washed with tho same 
solvent, and is obtained as a pale-brown powder, 
ily this means 30 p.c. anthracene is raised to 
(K) p.c. (v. also Scholvien, Fr. Pat. 335013; 
J. Soc. Chem. Ind. 1904, 113). 

The Aktien GesclLschaft fur Anilinfabrik 
(D. R. P. 178764; J Soo. Chem. Ind. 1907, 
1193) add potassium hydroxide to the melted 
crude anthracono, which is then distilled in 
vacudt tho anthracene distilling over being 
passed into some solvent in which it is soluble 
at the temperature of tho reaction, and from 
which it crystallises on cooling. It is stated that 
05-96 p.c. of tho anthracene is recovered as a 
product containing 95-98 p.o. of pure 
anthracene. 

Wirih (Eng. Fat. 14462 ; J. Soo. Chem. Ind. 
1901, 464) separates tho carbazole by means of 
its easily soluble nitroso- compound. Qrude 
anthracene is mixed in a vessel provided with a 
.stirrer with light coal-tar oil and sodium nitrite. 
Dilute sulphurio acid is added gradually, and the 
sodium Bulphato which is formed is dissolved in 
water and separated from tho light-oil layer. 
Tho anthracono is filtered from the light coal- 
tar oil, washed with boiizoiie, and dried. It 
contains 75-96 p.c. anthracene, according to 
quality of the crude material. 

Catchpole (Eng. Pat. 16641 ; D. R. P. 
164608; J. Soc. Chora. Ind. 1903, 1190) places 
tho crude product in tho form of blocks or slabs 
on a peri orated or channelled surface in a 
chamber suitably heated to a temperature not 
exceeding 200*, whereby the impurities arc 
* sweated ’ out. A slight wasliing with acid 
and distillation complete the process, 

Vesety and Votocck (Eng. Pat. 27696 ; 
J. Soo. Chem. Ind. 1006, 191) n^nd that concen- 
trated sulphuric acid extracts the whole of the 
basic impurities of anthracene froA a solution 
of crude anthracene in a solvent immiscible 
with sulphuric acid. The most suitable solvents 
are mineral and coal-tar oils, but carbon disul- 
phide and chloroform may be used ; 100 parts 
of crude anthracene (36 p.o.) are dissolved in 
300 parts of solvent naphtha, 100 parts of 
concentrated sulphurio acid are added, and the 
mixture is heatra and at the same time vigo- 
rously agitated for a few minutes. The sulphuric 
acid having been drawn off, the solution is 
freed from acid by agitation with calcium 
carbonate, filtered, and Uien allowed to crystal- 
lise. By this process it is stated to be possible 
to obtain an 85-00 p.o. anthracene, perfectly 
free from carbazole. 

A troublesome impurity in anthraoene is 



ANTHRACENE. 


347 


a peculiar paraffin, '^hich has a hiah meltin|^- 

S mt, and is only sparingly solubw either m 
ht petroleum or coal-tar naphtha ; it is dis- 
Ivea to a certain esAent by these solvents 
when hot, but on cooling is almost entirely 
deposited stfain. A small quantity left in the 
anthracene ue^uently impedes succeeding opera- 
tions, and, owing to its stability, passes through 
most of the processes without change. 

SyrUhtaea , — ^From orthotolylkctone, by heat- 
ing with zinc-dust (Behr and Van Dorp, Bor. 7, 
17) ; from orthobromobenzylbromide, by the 
action of sodium (Jackson and White, Ber. 12, 
19ti5); from a mixture of benzene, acetylene 
tetrabromide, and aluminium chloride (Anschutz, 
Annalen, 235, 156); from benzene and alu- 
minium chloride under the influence of nickel 
carbonyl at 100° (Dewar and Jones, Chem. Soo. 
Trans. 1904, 213) ; and by treating pentachlor- 
ethane in benzene with aluminium chloride, 
when anthracene is formed through the inter- 
mediate formation of perch lore thy Icne (Mouney- 
rat, Bull. Soo. chim. 19, [3J 667). An interest- 
ing synthesis resulting in the production of 
methyl anthracene (m.p. 200°) is that of Kraemor 
and Spilker (Ber. 1890, 3174). By the inter- 
action of xylene and cinnamene, pheuyltolyl- 
pentane is formed, which when pa-ssod tlirough 
a red-hot tube forms methyl anthracene (m.p. 
207°), hydrogen and methane being evolved. 
This synthetical production of methyl anthracene 
is of importance in its relation to the present 
theories of the mode of formation of antliraceno 
in coal tar. 

The following syntheses in the anthracene 
group have been carried out in recent years. 
Mineral acids convert homopiporonyl and hoino- 
veratryl alcohols into derivatives of 2.3.C.7.- 
tctrahydroxy-9.10-dihydroanthraccno 


/\c 

HOCH 


= 2H2O -f 




the tetramethoxy compound being obtained in 
quantitative yield by the condensation of 
veratrole with formaldehyde in the presence of 
60 p.c. sulphuric acid (Robinson, Chem. Soc. 
Trans. 107, 267). Magnesium phenyl bromide 
reacts with ortho-phtht^dehydic acid in boiling 


anisole solution to produce ortho-a-benzhydryl- 
benzhydrol HOCH(C,H 5 )CeH 4 -C(C.H 6 )aOM, 
and this, when boiled with hydrobromic acid, 
is converted into 9.10-diphenylanthracene (Simo- 
nis and Remmert, Ber. 48, 406). Purpurin 
(1.2.4-tiihydroxyanthraquinone) may bo synthe- 
sised by condensing phthalio anhydride with hy- 
droxyquinol, whilst by usmg 4-hydroxy-phthafio 
anhydnde, hydroxyflavopurpurin . (1.2.4.6-tetra' 
hyd[roxyanthraqumone), identical with the oxi- 
dation product of flavopurpurin, is obtained 
(Dimrow and Pick, Annalen, 411, 316). 

Propertiea . — ^Anthracene crystallises in glis- 
teniitt white scales. It melts at 213°, and m)ils 
at 360° (Ullmann, Enzykl). When pure 
it shows ft bluish-violet fluoreaoenoe, but this 
ii concealed if small quantities of ^Uow im- 


purities fFritzaohe's ohrysogen) are present. 
Tellow-ooloured anthracene, on exposure to 
sunlight, is bleached, and b^omes fluorescent, 
but under these conditions the hydrocarbon 
undergoes conversion into paranthraoeno 
(Ci 4 Uio)i'~ft peculiar modification, which is 
much less soluble than anthracene, is unattached 
by bromine and nitric acid at 100°, and does 
not combme with picric acid ; it melts at 244°, 
and is thereby converted into ordinary anthra- 
cene (Fritzscho, J. pr. Chem. 101, 333 ; Graebe 
and Liebertnann, Annalen, Suppl. 7, 264 ; 
Schmidt, J. pr. Chem. (2] 9. 248). Aocoi^inff to 
Luther and Weigort (Ch. Ztrbl. 1904, ii. ll7 ; 
1905, i. 1162), anthracene in the solid state, as 
well as in solution, yields para-anthracene. The 
fluorescence of anthracene and certain of its 
derivatives has been referred by Liebermann to 
a particular molecular grouping (Ber. 13, 913). 
Meyer (Zeitsoh. physikal. Chem. 1897, 468) 
attributes fluorescence to the presence of what 
are known os fluorphoric groups, which must 
be situated between two heavy atomic groups, 
usually benzene nuclei. For a discussion of the 
cause of fluorescence in anthracene, see Steven- 
son (J. Fhysiol. Chem. 1911, 16, 846). The 
solubility of anthracene in 100 parts of various 
solvents has been determined by Versmann 
(Jahresbcricht. 1874, 423), Perkin (Journ. Soc. 
Arts, 27, 598 : v. Bccchi, Bor. 12, 1978), Findlay 
(Chem. See. Trans. 1902, 1221) with the following 
results : — 

Parts of anthracene 

Alcohol (absolute at 16° dissolves 0*070 (B.). 

„ . b.i). „ 0*830 (B.). 

„ sp.gr.=0*800 at 15° „ 0*591 (V.). 

„ =-0*826 „ „ 0*674 (V.). * 

„ „ ---0*830 „ 0*491 (V.). 

„ „ -0*835 „ „ 0*475 (V.). 

„ „ -0*840 „ „ 0*460 (V.). 

„ „ =0*860 „ „ 0*423 (V.). 

Ether . . „ „ 1*175 (V.). 

Chloroform . „ „ 1*736 (V.). 

Carbon disulphide „ „ 1*478 (V.). 

Acetic acid . „ ,, 0*444 (V.). 

Light petroleum „ „ 0*394 (V.). 

„ b.p. 70°-100° 

at 15° dissolves 0*116 (P.). 

Benzene . . „ 1*296 (F.). 

„ b.p. 80°-100° „ „ 0*976 (P.). 

Toluene . . at 16*5° ,, 0*920 (B.). 

„ . . at bp. ., 12*940 (B.). 

According to Hildebrand, Ellefson, and Beebe 
(J. Amer. Chem. Soc. 1917, 39, 2301), the 
solubilities of anthracene at 25°, in grams per 
100 grams of the solvents, are as follows : — 


Alcohol .... 0*328 

Benzene . . • .1*86 

Carbon disulphide . . .2*68 

Carbon tetrachloride . • 0*732 

£^ther „ . .1*42 

Hexane „ . . 0*37 


When introduced into an alcoholic solution 
of picric acid saturated at 30°-40°, anthracene 
forms a picrate Ci 4 Hio,C«H|(N 02 ) 80 , crystal- 
lising in glistening rod needle wnioh melt at 
138° ; it u decomposed into its constitaents by 
alcohol, wfttcr, and dilute alkalis, even in the 
cold. The formation of the picrate is best 
obtained by warming molecular quantities of 
anthracene and picric acid on the water-bath in 
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chloroform solution. On oxidation with po- 
tassium diohromate or manganese dioxide and 
sulphurio acid, anthracene is converted into 
aathiaquinone, whilst strong nitric acid oxidises 
it to anthraquinone and dinitroanthraqninone ; 
nitro- derivatives of anthracene can, however, 
be prepared by the action of strong nitric acid 
on the hydrocarbon, if care is taken to decompose 
any nitrous acid which may be formed during 
the reaction (Perkin, Chem. Soc. Proo. 1889, 13). 
Electrolytic oxidation in acetone yields anthra- 
quinone (Fontana and Perkin, Chem. Eentr. 
1904, ii. 708) ; the same product results by the 
electrolytic oxidation of a suspension of anthra- 
cene in a 2 p.o. solution of cerium sulphate in 
20 p.o. sulphuric acid at 80°-90® (Farb. vorm. 
Meister, Lucius, and Ilriining, D. R. P. 162063 ; 
(*hem. Zeiitr. 1904, ii. 71) ; or by the oxidation 
of anthracene by cerium oxide in sulphurio acid 
(Farb. M. L. & R. ; D. R. P. 168609 ; Chem. 
Zontr. 1906, i. 840) ; or by heating anthracene 
with charcoal at 160°-300° (Donnstedt and 
Hassler, D. R. P. 203848 ; Chem. Zentr. 1908. 
ii. 1760). 

Concentrated sulphurio acid converts anthra- 
cene into Bulphonio acids. Anthracene mono- 
Bulphonio acid is obtained by the direct sulphona- 
tion of anthracene with sulphuric acid of 63° or 
64*B., and about 60 p.o. of the anthracene 
employed is thus converted. If sulphurio acid 
of (t6°B. is used, two isomeric disulphonio acids 
are obtained, and those, on oxidation, yield two 
anthraquinonedisulphonio acids, which are 
isomeric with the two acids obtained by the 
direct sulphonation of anthraquinone. The 
/i-anthraoeno disulphonio aoid» after uxuLition 
with chromic or nitric acids, and subsequent 
fusion with alkali, yields alizarin ((j[.v.), and the 
monosulphonio acid similarly treated yields 
arUhrapurpurin (^.v.) (La Rocidtc Auonouiye dcs 
Matidros Colorantes ct Prodiiits Ohomiques do 
Rt. Denis, Eng. Pat. 1280 ; J. buc. Chooi. Ind. 
1894, 32). 

The same acids are obtained by beating 
anthracene with alkali bisulphate to i40”-160* 
(D. R. P. 7731 1 ). Anthraconc is readily attacked 
by chlorine and bromine, and yields with each 
cfomoiit a series of additive and substitution 
derivatives ; additive compounds, apparently, 
are the first products of the action, and these 
either decompose during the reaction or can be 
decomposed by boiling with alcoholic potash 
ipto the corresponding substitution derivatives, 
which also form aduitivo compounds by the 
further action of the halogens. The cliluranthra- 
cones are now prepared on a largo scale (Clayton 
Aniline Co., Eng. Pat. 8744 ; J. Soc. Chem. Ind. 
1906, 64). Dry chlorine reacts with anthracene 
in the presence of lead peroxide at a high 
temperature. Fifty parts by weight of anthracene 
and 10 parts of dry powdered load peroxide are 
treated with dry onloriiio at 220* until the 
weight has increased to 120 parts. The temoera- 
ture, however, may bo varied between 180* and 
260^ and the composition of the product varies 
with the temperature employed and the amount of 
chlorine absorbed. The product consists mainly 
of iS-tetraohlorantbraoene (m.p. 152*), which 
is r^ily soluble in benzene and crystallises out 
in yellow needles, and another part much less 
soluble in benzene and more highly chlorinated. 
This latter consists of tw'o products : hexachlor- 


anthracene (m.p. 277°), which crystallisea from 
nitrobenzene, and heptachloranthracene (m.p. 
232*), which is more syluble in benzene than 
the former. Oxidation converts these com- 
pounds into ohloranthraquinones, containing 
2 atoms of chlorine less than the original com- 
pound. Treatment with a mixture of nitric 
and sulphurio acids results in the formation of 
ohlornitroonthraquinones which yield dyestuffs 
on treatment with fuming sulphuric acid. The 
chloranthraquinones on treatment with fuming 
sulphuric acid in the presence or absence of boric 
acid, yield hydroxy- compounds ; e.g. 1 : 4 
dichloranthraquinono yields quinizarin (q'.v.) 
(Farb. vorm. F. Baciyer & Co., Fr. Pat. 385358 ; 
J. hoc. Chem. Ind. 1908, 657). Reducing agcnUi, 
such as sodium amalgam or phosphorus and 
hydrogen iodide, convert anthracene into the 
dihydridc (Graebe and Liobormann, lx, ; Lieber- 
mann and Topf., Annalen, 212, 6); hydrogen 
and nickel oxide at 260*-270* and 100~126 
attno.s. convert anthracene first into tetrahydro-, 
then decaiiydro-, and finally perhydroanthraoene 
(Ipatieff, Jokowleff, and Llakitin, Ber. 1908, 
906). 

KMirmUon. — Luck (Ber. 6, 1347); Meister, 
Lucius, and Bruning (Diugh poly. d. 224, 659) ; 
Nicol (Chem. Soc. Trans. 1876, 2, 553) ; Bassett 
(Chem. News, 73, 178; 79^ 157). The per- 
centage of anthracene m a sample of the com- 
mercial product is determined by oxidising it 
to anthraquinono with chromic acid, dissolving 
the product tn sulphuric acid, and precipitating 
with water, since the associated impurities are 
either destroyed during the oxidation or are 
converted into sulphonio acids soluble in water. 
The details of the process are as follows : 1 gram 
of anthracene is introduced with 45 o.o. of acetio 
acid into a fiask connected with a reversed 
condenser, and hoated to boiling ; a solution of 
15 grams of chromic acid in 10 o.o. of aoetio 
acief and 10 o.o. of water is then added, drop by 
drop, to the boiling solution during a period of 
2 hours; and the product is boiled for 2 
hours longer, allowed to stand for 12 hours, 
then poured into 400 c.c. of water, and, after 
standing for 3 hours longer, is filtered. The 
anthraquinone on the filter is washed with 
water, w'lth hot dilute alkali, and then with hot 
water ; afterwards it is placed in a small dish 
dried at 100*, and digested for 10 minutes with 
10 times its weight of pure concentrated sulphurio 
acid at 100*. The solution of anthraquinone 
in sulphuric acid is then allowed to remain tor 
12 hours m a uiuist atmosphere, mixed with 
200 0 . 0 . of water, and the precipitated anthra- 
quinone filtered off and washed first with water, 
^en with dilute alkali, ajid finally with water ; 
it is then dried at 100* in a dish, weighed, i^ted, 
and the ash deducted from the first weighing. 
The difference gives the weight of anthraquinone 
corresponding to the amount of anthracene 
present in the sample. 

/mpurilics.— Paraffin is usually present in 
crude anthracene, and is estimated bv treating 
the material with fuming nitric acid, keeping 
the mass cold. When tul the acid has been 
added, the mixture is kept at the ordina^ 
temperature until the anthracene has dissolved, 
and then heated until the paraffin has melted. 
The solution is filtered and the precipitate washed 
with fuming nitric acid until the filtrate dis- 
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solves in water without turbidity, and then with 
water until neutral. Finally, the paraffin is 
washed with alcohol, dissolved in warm e^er 
and the filtrates collected in a weighed porcd^ 
dish; the filtrates are evaporated and the 
paraffin dried at 10r>°-n0« for half an hrar 
fHeuslor and Herde, J. Soc. Chem. Ind. 18OT. ^ 
828). Kraemcr and Spilker (Muspratt-Bunte, i 
vii. 70) use the following method: 10 grams 
finely-powdered anthracene are shaken with 
100 O.C. ether for ten minutes and mixture then 
allowed to settle. 50 c.c. of the dear solution 
are then evaporated and the residue dnetl at 
100® for half an hour. After cooling, the residue 
is finely ground, 8 o.c. fuming sulphunc acid 
(20 p.o. SOs) added, well mixed, and the whole 
heated to 100° for three hours, with 
stirring. Contents of dish are then washed by 
means of 500 c.c. hot water into a beaker, 
filtered through a dry filter and the whole 
washed with cold water, until filtrate is free 
from sulphuric acid. Moisten filter with absolute 
alcohol and wash the paraffin into a weighed 
dish by means of ether, removing last traces of 
paraffin from the beaker m the same manner. 
Evaporate ether solutions and dry residue for 
half an hour at 105° ; and weigh as pure paraffin 
The detection of carbazole and phenanthrene 
in the purified product is carried out as fol- 

Sample, is extracted in cold 
with ethyl acetate, solution allowed to evaporate, 
and residue transferred by a few drops of same 
solvent to a watch-glass. On evaporation, 
carbazole is left behind ; when treated with a 
drop of nitrobenzene and phenanthraqumone, 
it yields characteristic small copper-coloured 

^^^^ henanthrenc . Sample is extracted with 
benzene, and the evaporation residue treated 
with a-dinitrophenanthraquinone in nitroben- 
zene. In this case mixed crystals are ob- 
tained having the form and colour of the 
brown needles of the phenanthrene com- 
ponnd, but containing a large quantity of 

*^*'^ANTHRACENE ACID BROWN. -CHROME 
BLACK, -RED, -YELLOW «. Azo- roLorRiwa 

^*^55nPHRACENE GREEN. Cceruleln and Cceru * 
U%n 8 . (v. Alizarin and allied colouring 
MATTERS; also Xanthine colouring matters). 
ANTHRACENE VIOLET. OalkU { v . Alizarin 

AND ALLIED COLOURING MATTERS ; alsO XaNTHINB 
colouring matters). 

ANTHRACHRYSONE V. Alizarin and allied 

COLOURING MATTERS. 

ANTHRACITE v . Purl. 

ANTHRACITE BLACK v. Azo- colouring 

MATTERS. 

JniTHRACOXENB v. Resins. 

ANTHRACYL CHROME GREEN v . Azo- 

COLOURIHQ MATTERS. 

ANTHRAFLAVIO ACID u. Alizarin and 

AIXIBD OOLOUBIMO HATTIM. 

AMTHRAGALLOI. v. Alkarth akd ai.lird 

COIAURIRO MATTRB8. 

AMTHBAQALLOL DIHETHYI. ETHBIlfl 

V . GBAT ROOT. 

ANTHRANIL, ANTHRANTLIC ACID (o- 
amindbentoie acid ) v . Aminobk.szoic acid and 


ANTHRANOL. ^-Hydroxyanihraeenc 






is prepared by tho reduction of anthraquinonc 
with hydriodio acid and phosphorus (Liobermann 
and Topf, Annalen, 212, 6 ; Ber. 1876, 1201), 
or with tin and acetic acid (Liobermann and 
Gimbel, Ber. 1887, 1854). Another method is 
to add copper or aluminium powder to anthra- 
quinone dissolved in concentrated sulphuric 
acid at 30*-40®, and pour tho product into water. 
The crude substance is recrystallised from 
glacial acetic acid containing a trace of aluminium 
and a little hydrochloric acid (Bacyer & Co. 
D. R. P. 201542: Chem. Zenlr 1008, ii. 1218, 
Bezdizk and Friodlandcr, Moqntsli. 30, 871). 
It is also obtained when 50 parts of finely 
divided anthraquinonc are mixed with 10 parts 
of iron and 1000 parts ferrous ehloride, and the 
mixture heated to 200° 0. or higher, until it 
dissolves m sodium hydroxide solution with a 
yellow colour. Tho product is then cooled 
and washed with water, the residue dissolved 
in sodium hydroxide solution, and filtered into 
hydrochloric acid (1). R. P. 240124). Anthranol 
has been synthesised by heating 1 part of 
o-benzylben/.oic acid with 2 parts of sulphuric 
acid at 100° (h'lscher and Schmidt, Ber. 1894, 
2789). It crystallises in eoloiirless net'dles, 
m.p. 165°, with decomposition. It dissolves in 
alkalis, and then behaves as its tautonieride 
anthrol (q.v.) ; f.q. it condenses with benzal- 
dehydo to form benzilidine anthrol (Haller and 
PadTova, Compt. rend. 141, 857 ; v. also Bad. 
Anil, und Soria Fab. J>. R. P. 172930; Phem. 
Zentr. 1900, ii. 834). By heating the alkaline 
solution of anthranol for some time, it becomes 
oxidised to anthraquinone ; hydroxylamine 
hydrochloride converts it into anthraquinonc - 
dioxime (Nietzki and Kehrmann, Ber. 1887, 
613). Anthranol yields a benzoyl derivative 
(m.p. 164°) with benzoyl chloride in pyridine 
(Padova, C’ompt. rend. 143, 121; Ann. Chim. 
Phys. [8] 10, 35.3), and a diiodido with iodine 
in benzene solution (lAicbermann, (llawc, and 
Lindonbaum, Ber. 1004, 3337) 

Kurt Meyer (Annalen, 1911, 379, 37) has 
obtained tho twc» dosmotropic forms of anthranol, 
namely, anthrono and anthranol ; 

aDo - 


The keto-form is prepared by reducing anthra- 
quinone with tin and hydrochloric acid, and 
subsequent precipitation with water. It melts 
at 154°, ana is almost completely insoluble in 
cold alkali solutions. On solution in boiling 
dilute sodium hydroxide, rapid cooling and 
precipitation with dilute well-cooled sulphuric 
acid, the yellow anthranol is obtained. It 
melts at about 152®, dissolves readily in most 
solvents, being converted into anthrone. Solu- 
tions of anthranol show r strong fluorescence, 
those of anthrone no fluorescence. Thiele's 
assumption that the high reactivity of phenols 
is due to a change to the keto-type seems to 

liA Lava 4'ltA aK/\wa nAiw t\t 
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oompoundfl the hydroxylio form is the more 
aotiTe isomeride. 

Bnmo afUhrone is obtained when bromine is 
added to a cold saturated solution of anthrone 
in CSf. It oiystallises in yellow needles, and 
melts at 148^. On boiling with aqueous acetone 
it yields oxanthione, which crystallises in 
colourless needles, melting at 167^. Solutions 
of ozan throne are colourless and do not fluoresce. 
On boiling with aqueous alkali it passes into the 
desmotropio form anthraquinol, which is also 
formed \^en anthraquinone is reduced by 7ine- 
dust and alkali. It crystallises in brown leaflets, 
which dissolve in solvents with a yellow colour 
and an intense green fluorescence. 

00 ^ 

Anthraquinol. Oxanthrone. 

By the oxidation of anthracene in glacial acetic 
acid solution with load peroxide (1 mol. C^ 4 H,y ; 
1 mol. PbOj) anthranol acetate is produced, but 
if in the proportions of 1 mol. Cj^Hjo ; 2 mols. 
PbO|, then oxan throne acetate results. The 
former melts at 127°, and is readily hydrolysed 
to anthranol, the latter melts at 108°-101)°. 
Again, by dissolving anthracene in glacial acetic 
acid, pouring into water and passmg chlorine, 
oxantfironc is obtained in about 76 p.o. yield 
(K. Meyer, f.c.). Oxanthrone is also obtained 
by the following method (D. R. P. 250076), 
3*4 parts of antliniccno arc dissolved in 200 
parts acetone, and then precipitated by the 
addition of 200 parts ice-cmd water. 6*4 parts 
of bromine arc added, with continual shaMng, 
all goes into solution, much cold water is added, 
and the oxanthrone is precipitated. It crystal- 
lises from toluene in long yellowish needles. 

Dianthranol C|sHi„(3a is formed, together 
with a little anthraquinone, when anthranol 
dissolved in benzene is exposed to sunlight for 
some weeks, or when the benzene solution is 
boiled for some hours. It is also obtained by 
oxidising anthranol with ferric chloride, in 
fflacial acetic acid solution, or (D. R. P. 223209) 
by heating 100 parts anthraquinone, 600 parts 
of water, 60 parts sodium hydroxide, and 60 
parts zinc-dust in an autoclave for six hours at 
160° C. The reaction mixture is then precipi- 
tated by the addition of acid, and recrystallised 
from methyl alcohol. On oxidation with potas- 
sium permanganate it yields dianthroneC^gHieCo, 
a yellow crystalline solid which blackens at 
300° C. Dianthranol crystallises m colourless 
tabular crystals (m.p. 260°) (Omdorff and Bliss, 
Amer. Chom. J. 1896, 463; Orndorff and 
Cameron, Amcr. Chem. J. 1895, 658). 

ANTHRANOLS of CHRYSOPHANIC ACID 
andEMOEiUf METHYL ETHER V. CuBYSABOBiir. 

ARTHRAPURPURIM v. Altzirtit akd alltxd 

OOLOUBIKO HATTERS. 

AMHHAqUlHOMl 

Obtained by the oxidation of anthracene with 
ohromio acid (Kopp, Jahresbericht. 1878, 1188 ; 
Laurent, Ann. Chim. Phys. [2] 60, 220 ; 72, 415 ; 
Annalen, 34, 387: Anderson, Annalen, 122, 
301 : Graebe and Liebermann, Annalen, Spl. 7, 
285) ; by the distillation of calcium l^nzoate 
(Kekul4 and !EVanohimont, Bcr. 1872, 908); 


bv the distillation of benzoic acid with 
phosphorus pentoxide ; by the distillation^ of 


or by heating it alone (CUmann, Annalen, 291, 
24 ; Behr and Dorp, Ber. 1874, 678 ; Lieber- 
mann, Ber. 1874, 806; Perkin, Chem. Soc. 
Trans. 1891, 1012); by the dry distillation of 
calcium phthalate (Panaotovits, Ber. 1884, 13). 
Heller (Zeitsch. aiigew. Chem. 1006, 19, 669) 
heats 1 part of phthalio anhvdride with 3*6 parts 
of benzene and 1*8 parts of aluminium chloride 
in a lead vessel at 70* until the evolution of 
hydrogen chloride ceases. After cooling, water 
is added and the exce.ss of benzene removed by 
steam distillation. The solution is made 
alkaline and boiled, and then on addition of 
acid benzoyl benzoic acid is precipitated. On 
heating this for one hour at 150*, anthraquinone 
is obtained (c/. Piccard, Ber. 1874, 1786 ; 
Friedel and Crafts, Ann. Chim. Phys. [6] 1, 623 ; 
Mailer, J. 1863, 393). Phenyl-o-tolylketono 
gives anthraquinone on heating with lei^ oxide 
or on oxidation with manganese dioxide and 
sulphuric acid (Behr and Dorp, Ber. 1873, 764 ; 
1874, 16 ; Thorner and Zincke, Ber. 1877, 1479). 

Industrial preparation . — Crude anthracene 
(66-60 p.c.) is slowly added to a hot solution 
of sodium dichromate in a large wood vat 
lined with lead. The solution is kept well 
stirred and heated with steam until all the 
anthracene has been added. The steam is 
then cut off and sulphuric acid is run into the 
mixture in the form of a fine spray ; the heat 

O erated by the reaction keeps the solution 
ing. The crude anthraquinone is then 
separated by filtration and dried. It is dis- 
solved in sulphuric acid without applying any 
heat, and, when solution is complete, transferred 
to a large vat lined with lead and boiled with 
water. The precipitated anthraquinone is at 


once separated by means of filter presses 
from the soluble compounds ; the pressed cakes 
are boiled with a solution of soda, and then 
again filtered, pressed, dried, and finally sub- 
limed (Levinstein, J. Soo. Chem. Ind. 1883, 
219 ; Kopp. f.c/). Poirrier and Rosenstiehl 
(Eng. Pat. 8431 ; J. Soo. Chem. Ind. 1887, 
696) oxidise anthracene in a closed lead-lined 
vessel by means of ferrio sulphate. The vessel 
is heated to 120°-160° during 72 hours, com- 
pressed air being injected into the vessel. By 
this means the anthracene is virtually oxidised 
by the air, the ferric sulphate acting as a carrier 
for oxygen. The Farbenfabrik vorm, Meister, 
Lucius und Briining, state that an almost 
quantitative yield of anthraquinone is obtained 
by the electrolytic oxidation of anthracene in 
20 p.o. sulphurio acid, in the presence of cerium 
sulphate (D. R. P. 162063 ; Eng. Pat. 19178, 
1902). Another process consists in the abso^- 
tion of nitrio oxides diluted with air, b^bzino 
oxide, copper oxide, or a similar oxide of low 
basicity. Anthracene is mixed with this, and 
a stream of air or oxygen is passed through the 
mixture at 250°-35(r, anthraquinone being 
produced (Ch. Fabr. Griinau, Landshoff und 
Meyer, D. B. PP. 207170, 216335; J. Soc. 
Chem. Ind. 1909, 360, 1310). On the use of 
oxides of nitrogen and nitric acid for oxidising 
anthracene, see D. R. PP. 234289, 254710, 
266623. Meister, Lucius, and Briining (D. R. P. 
292681) make a mixture of 100 parte 30 p. 0 . 
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aqueous anthracene paste, with 3000 parts 
water, 250 parts 25 p.o. ammonia, and 5 parts 
copper oxide. Oxy^n corresponding to 3 
moleoules per moleome of anthracene is forced 
in and the whole stured and heated for two 
hours at 170° C. Darmstadter (Chem. Zentr. 
1900, ii. 161 ; D. R. P. 109012) prepares anthra- 
quinone by the eleotrol^c oxidation of anthra- 
cene in a ohromic-acid bath. Various processes 
have been patented for purifying the crude 
anthraquinone thus produced. Bronner (J. 
Soo. Ohem. Ind. 1882, 499; 1883, 410; Eng. 
Pat. 759; B. R. P. 21681) dissolves out the 
impurities on a specially constructed circular 
shelf. The method depends on the continuous 
extraction of the impure product with an amount 
of solvent insufficient to keep in solution the 
whole of the anthraquinone and the easilv 
soluble impurities. Bayer & Co. (B. R. P. 
C8474; Eng. Pat. 5639; J. Soo. Chem. Tnd. 
1893, 439) dissolve out the impurities with 
liquid sulphur dioxide; Sadler & Co., Ltd. 
and Briedger (Eng. Pat. 17635 ; J. Soo. Chem. 
Ind. 1902, 1072) recrystallise the crude anthra- 
quinone from hot aniline. The chromium 
liquors may be recovered and used again, by a 
process of electrolytic oxidation in iron cells 
which arc lined with lead. Strips of lead, 
hanging in the cells, act as cathodes, and tho 
liquor is circulated through a scries of cells. 

Properties, — ^Anthraquinone, iu3 usually pre- 
pared, forms a felted mass of crystals of a pale- 
yellow or buff colour ; by sublimation it can be 
obtained in the form of lemon-yellow needles or 
golden-yellow prisms ; m.p. 285°-286° (oorr.) ; 
b.p. 379°-381® (corr.) (Recklinghausen, Bcr. 
1803, 1616); sp.gr. 1*438-1*419 (Schroeder, 
ibid. 1880, 1071 ; Phillipi, Monatsh. 1012, 33, 
373). Sparingly soluble in alcohol and ether, 
somewhat more soluble in hot benzene. Accord- 
ing to Hildebrand, Ellefson, and Beebe (J. 
Amer. Ohem. Soc. 1917, 39, 2301), tho solubilities 
of anthraquinone at 25°, in grams per 100 
grams of the solvents, are as follows : — 

Alcohol .... 0*437 

Ether 0104 

It is neutral in its reactions, and is insoluble 
in dilute acids or alkalis. Anthraquinone is 
very stable; it is not affected by hot hydro- 
chloric acid, or by boiling with caustic potash or 
calcium hydroxide solutions ; it dissolves in hot 
nitric acid (sp.gr. 1 *4), and is deposited in crystals 
on cooling or on dilution ; it dissolves unchanged 
in concentrated sulphuric acid at 100°, and is 
precipitated in fine crystals on pouring into 
water. Strongly heated with sukhuric acid, 
it is converted into mono- and di-sumhonio acids 
(v. Alizabin). Anthraquinone is of great com- 
mercial importance, as it is used in the prepara- 
tion of alizarin, quinizarin, purpurin, &c. (ti. 
Alizabin). Fusion with zinc or treatment with 
sodium methoxide converts it into anthracene 
Haller and Minguin, Compt. rend. 120, 1105) ; 
usion with caustic soda converts it into sodium 
benzoate (Graebe and Liebermann, Annalen, 
160, 129), and by distilling it over lime benzene 
is fonu^; reduction with zinc and caustic 
soda, or with sodium amalgam yields oxanthranol 
Cx 4 HioOg and dianthranol (Biels and Rhodius, 
Ber. 1909, 1076 ; Meyer, Ber. 1909, 143) ; zinc 
and amyl alcohol convert it into dianthrol 


(Meyer, Monatsh. 30, 165). Phosphorus penta- 
chloride and phosphorus oxychloride oonvert 
it into trichloranthracsne and other chlorinated 
products (Radulescu, Chem. Zentr. 1908, ii. 
1032). A delicate test for anthraquinone 
consists in reducing it with sodium amalgam in 
drv ether. On adding a drop of water, a red 
colouration is produced ; if alcohol is used 
instead of ether, addition of water gives a green 
colouration (Claus, Ber. 1877, 927). 

The following method serves to estimate 
anthraquinone in presence of anthracene, and 
not more than 10 p.o. of phenanthraquinone, 
with an error not exceeding 0*3 p.o. One part 
of the crude anthraquinone is wetted ^th 
alcohol, mixed with 2 parts of zinc-dust, and 
about ^ parts of hot 5 p.c. sodium hydroxide 
solution. The mixture is heated just below 
boiling-point for five minutes, and then rapidly 
filtered and washed once with water. Tho 
filter with the residue is heated with another 
equal portion of sodium hydroxide solution 
and filtered into tho same flask. The residue 
is again treated with sodium hydroxide solution, 
and if it imparts no red colour to this on boiling, 
is rejected. Otherwise tho liquid is filtered off, 
and tho residue treated with sodium hydroxide 
repeatcdlv until antliraquinone is shown to bo 
completely reduced to oxanthranol and removed, 
by the failure of the residue to impart a red 
colour to boiling sodium hydroxide solution. 
Tho united filtrates are cooled and reoxidisod 
by shaking until the red colour disappears. 
The anthraquinone is filtered off on asbestos, 
dried at 110°, and weighed. Tho following 
precautions arc necessary : Boiling with alkau 
must not bo unduly prolonged, or reduction 
may proceed so far that anthraquinone is not 
reconstituted on mere shaking with ' air, and 
filtration of the reduced solution must be rapid 
to prevent reoxidation on tho filter (Lewis, J. 
Ind. and Eng. Chem. 1918, 10, 425 ; Analyst, 
1918, 297). 

Condensation products. — With phenols ; 
Scharwin and Kusnezof, Ber. 1903, 2020 ; 1904, 
3616 ; Dcichler, B. R. P. 109344 ; Chem. Zentr. 
1900, ii. 360. With amines : Bayer A Co. 
D. R. PP. 86160, 107730, 136777, 136788, 148079; 
Chem. Zentr. 1902, ii. 1272 ; Chem. Soo. Abst. 
1904, i. 326. Aryl ethers, aryl- and alkyl- 
amino- derivatives : Bayer & Co. B. R. P, 
168631; Fr. Pats. 364717, 362140; J. Soc. 
Chem. Ind. 1905, 885, 1106 ; 1906, 762. Thio- 
cyanates : Bayer & Co. D. R. P. 206054 ; J. Soc. 
Chem. Ind. 1909, 239. Mercaptans i ibid. 469. 

A cooled solution of anthraquinone in con- 
centrated sulphuric acid, when treated with 
aluminium powder with constant stirring, yields 
anthraquinol and anthrone. 

1.2- and 1.4-anthraquinones have been pre- 
pared from a-anthrol and 1.2 -anthraquinone 
from i9-anthrol (v. Dienel, Ber. 1906, 926; 
Liebermann, Ber. 1906, 2089 ; Harlingor, Ber. 
1906, 3537 ; Lagodzinski, Ber. 1894, 1483 ; 
1895, 1422 ; 1906, 1717). 

ANTHRAQUINONE RED v. Atjzabin and 

ALLIED COLOT7B1NO MATTEBS. 

ANTHRAQUINONE SULPHONIO ACIDS v. 

Alizabin and Allied Colottbino Mattebs. 

ANTHRAR OBIN v. Chbysabobin. 

ANTHRARUFIN v. Auzabin and allied 
OOLODB nfO mattehs. 
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AITHRABOU A tndA naoM for o pro* 
ponittQik ti eool-tar with tho ooloiir ond oon- 
diUi ioo of <Jivo oil> 

AMTHROL 


C,H.< 


!A(OH) 


Two ioomerio aathiolB oro known, «- or 1- 
bydrozyanthrMono and or 2-hydroxy- 

m^Anthfol io prepared by fusing 1-anthraoene- 
subhonio acid with 8 parts of oaustio potash at 
2JMr, dissolving the mass in water, ana filtering 
off the yellow flocks whioh separate ont. The 
crade pmnot is reciyotallised from acetic acid 
and water. It forms yellow plates. m.p. 162°. 
tt'Anthrcl dissolves in the ordinary solvents with 
a bine fluorescence, and is more soluble than 
d-anthrol (Schmidt. Ber. 1904. 66; Dienel. 
Ber. 1006. 2862 ; v. also Linke, J. pr. Chem. [2] 
11. 227). It is used m the preparation of 
albnirin-indigo 6, which is obtained from 
dibromo-isaSn chloride and a-anthrol (D. R. P. 
237199). 

fi^AiUhrol is prepared by fusing 2-anthracene- 
sulphonie acid wiw potash and recTystallismg 
the crude product from acetone (Liebermann 
and Hermann. Ber. 1879. 689; Lmke. J. nr. 
Chem. [2] 11. 222). It can also be obtamod by 
reducing hydrosyanthraquinone with hydriodte 
acid a^ phosphorus (Lfebermann and Simon. 
Ber. 1881, 123). It forma yellow plates melting 
with decomporition at 200°. and is soluble in 
the common organic solvents with a violet 
fluorescence. By reduction with sodium in 
idoohoho solution, dihydroanthrol is obtained 
(Bambeiger and Hoffmann. Ber 1893, 3009), 
and by heating with acetamide at 280° aiUhramn 
is obtamed. Azo* dyestuffs have been obtiuned 
from fl-anthrol (Act. Gea. f. Anilinf. D, B. P. 
21178; Frdl. i. 638) It possesses a somewhat 
phanobo character, but more resembles the 
naphthols in that on heating with ammonia to 
200” C. it yields the eorresponding anthramine. 
If, however, it be rednoed to the dihydro- 
anthrol. this is the complete analogue of phenol, 
and does not condense with ammonia to the 

"‘'aRTIAR RE81N or UPAS ANTIAR. A 
green resin which exudes from the mpas tree 
Mfif torts toxtearia (Lesch.). order Mracesa). 
Light petroleum and benzene extract from it a 
snostanoe analogoni to caoutchouc, a fatty 
matter, and two resinotts substances ; alcohol 
extracts from the residue a very poisonous 
jrinooslde, onlidna (De Vrij and Ludwig. J. pr. 
Chem. 163. 263). 

AMTIARIN 0. UraiTAUS ; Glucobidss. 

ARTIAliraRlH. A trade name for a con- 
densatton product of saligenin and tannin. 

ANTI-CklLOR. Linen and cotton fibres and 
paper pulp are apt to letam some free ohlorme 
from ine hypochlorite used in bleaching, and 
as this causes the material to rot slowly, the 
mannfaetuzera use oertain teagenta known as 
*aati-ohkns' to remove the last traces of 
ohlorinsi. The first substances employed were 
the neutrel and acid sulphites of soda (sodium 
sutohlto and Usnlphite) ; these were snjperseded 
In iSn by sodium hyposulphite, wbicn is now 
very laiguy employed. Calmum sulphide, made 
by hotting milk of lime with sulphur ; stannous 


chloride in hydroelilorlo acid with anbaequent 
treatment with sodium earbonate to neutralise 
any free add; ainmcniia and sodium nitrite 
eieo b ee n recom mended. 

ANTIDIABEnilB. Trade name for a pre- 
paration said to be eomposed of saeoharin and 
man mte. 

AHTIDXN. Phenyl ether of glycerol 

AMTI-FURIN. A trade name for ecef- 
aniUde or phenylaedamidit 0 «H 5 ‘NH*C 0 *GH|. 
Discovered by Gerhardt m 1863. and mvestigated 
as an antipyretio by Kussmaul in 18w (v, 
AcaT AlOLI DB). 

ANTIFORHIN. Trade^name for the alkaline 
lionid prepared by addins oaustio soda to a 
solution of sodium hypodilorite. Used as a 
diflinfeotant. the active ingredient being the 
chlorine, of which 4 p.o. is liberated on treatment 
with hydroohlono acid. Solutions of sodium 
hypochlorite are prepared in Germany by the 
eleotrolysiB of 6 p.o. salt aolution. A current 
of 110 volta and 100 amperes furnishes nearly 
6000 litres daily of a diinnfeoting or bleaching 
solution containing 1 jP.o. of available chlonne. 

According to H. Will (Zeitsoh.' Ges. Brauw. 
1903. 866 ; J. Soo. Chom Ind. 1904. 126). it is 
one of the best disinfectants for brewery work 
It rapidly softens organic impurities and facili- 
tates thoir removal by scouring, in addition to 
its oxidising action, and it also cu^Ivea incrusta- 
tion. Its gormioidal power is high, and a 6 p.o. 
solution is BufHoient for most purposes. It is 
used cold, and may be safely appued to varnished 
surfaces with a brush, provided care is taken to 
prevent jmlonged contact. 

AMTlFUIlGIlf. Trade name for magnesium 
borate, employed as a fungicido. 

ANTlGttRMIN, Trade name for a prepara- 
tion of a copper salt of a phenol-carboxylic acid 
mixe d with lime. It is used as a fungicide. 

ANTIHYFO. A solution of potassium per- 
oarbonate. used for destroying sodium tbio 
sulphate in photographic n^atives and prints. 

ANTllRrROL, Syn. for ohaulmoogra oil ai 
used in pharm^. 

ANTILUBTIll. Potassium-ammonium anti- 
monyltartrate. 

ANTIMONIALS, ORGAHIC. 

Historical. The first oiganio derivative of 
antimony was lumthesisea by Lbwig and 
Schweitzer, who prepared triethylstiblne in 
1860 (Mitth. d. Zurch. Raturfonoh. Gesellschaft. 
1860. 46. 1 ; Annalen, 1860. 76. 316. 327). 

This synthesis was immediately extended by 
H. Landclt (Annalen. 1861. 78. 91), and further 
investigations of aliphatic antimonials were 
made by Hofman (1867) and by Buokton (1860). 
The first aromatic antimonials were prated 
about 30 years later by Miobaelis. who, in oolla. 
boration with Reese. Hasenb&umer and others, 
developed a general method for the synthesis 
of antimony aerivatives containing one. two, or 
three aoyl groups. 

In 1010 these researches were revised by 
Morgan and Mioklethwait (Chem. Soo. Trans. 
101 1. 90. 2203), who diowed that triphenylstibiiie 
on heating with antimony ohloride yiew both 
mono- ana diphsnylsttbine chlorides, and who 
determined die effect of the antimony oompte 
on the cvientatloa of a nitro «onp. Similar 
investlgatlona were made independently by 
P. May. who also studied the leduotlcm of the 
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nitrated arylaatlmony oomponndi and arrived 
at ooncoidant resolte (Ohem. Soo. Trane. 1912, 
101, 1038). 

The diaaco eyntheeis of aryl antimony com- 
pounds was first employed by the Chemisohe 
Fab^ von Hovden of Dresden, and this led to 
the synthesis of antimony atoxyl and antimony 
salvarsan (Fabr. Heyden. D. R. P. 204421) 

Syntheses of aliphatic ontimonials are few 
compared with those m the arecnio senes, and 
are attended by greater exjicnmental difficulties 
Syntheses are successful only when the more 
enefneiio reagents are employed, owing to the 
feebfor affimty of antimony for hydrocarbon 
radicals. 

Antimony analogues of certain of the thora- 
peutio organic arseniools have boon prepared, but 
although when tested therapeutioaUy they show 
trypanocidal power, and sometimes confer 
immunity to trypanosomes, yet so far nothing 
comparable with the specific action of aromatic 
arsemoala has been observed. Local irritation 
has been found to accompany subcutaneous 
mtroduotion, but possibly this disagreeable 
effect might be overcome by intravenous 
injection 

Stibaoetin, the antimonial analogue of 
arsacetin, has been tried successfully m rendering 
mice immune against vanous strains of trypano- 
somes, the immunising dose being one-tenth of 
the lethal proportion. Uhlenhuth has reported 
on the effect of this drug on the growth of 
experimental tumours in rata and mice (Medizi- 
nisohe Klimk, 1912, 37) Sulphoform (tnphenyl- 
BtiUne sulphide) has been employed medicinally 
aa a remeay in akin diseases. 

Synth ov Aliphatic Antimonials. 

I. Intumotloii of an Alkyl Halide with an 
Alloy ol Antimony. 

* Ethyl iodide, ohlonde or bromide reacts with 
an alloy of potassium and antimony (12 p.c. 
potassium), yielding triothylstiblne and tetra- 
ethylstibonium halide. These products are not 
aooompamed by any antimonial analogue of 
ethylcaoodyl. 

II. InteneUon of an Alkyl Halide with 
Antimony. 

Methyl iodide heated with antimony in a 
sealed tube at UO"* yields irtmeihyhttbtne dt- 
iodide Sb(CH|) (Buokton, Joura. Chem. Soc 
18M, 13, 120 ; Jalraber, 1860, 374) 

IIL Interaotlon of a HotalUo Alkyl with an 
Antimony Halide. 

Zino dimethyl reacts with antimony tri- 
chloride, giving tnmethylstibme (Hofmann, 
Jahiesber. 1867, 103, 367). 

The Gngnard reaction may also be employed. 
Antimony triohlonde treatki with Gngnard 
reagent (magnesium methyl iodide) jrives a 
6(w0 p. 0 . yteld of trimethylstibine (Hlbbert, 
Ber., 1000, 30, 160). 

Aliphatic A]rnMONiAi.s. 

TrimdhjfieHUne Sb(0Ha)j^ SynthesiBed by 
method I. (above), and ia ormnaruy prepared in 
the tanif manner. 

Oolonileu liquid, b.p. 80*6^ D r623/16* ; 
odour of onlopa. oolublom ether, sUghUy soluble 
in water or al^ol ; qpontaneoualylnflammable 
VoL. L— T. 


in air or chlormo (Landolt, Annalen, 1861, 78, 
91 i Jahreeber. 1861, 66^. 

The diehloride Sb(CIl|)|Gl., and the corre- 
sponding dtbromtde are produced by direct 
addition of the halogen. 

TeiramethyUiibontum iodide Sb(CH|) 4 T 
Formed by direct combination of tnmetnyl- 
stibine and methyl iodide Hexagonal plates, 
very soluble in water or alcohol, less so in ether ; 
bitter saline taste 

Teimmethylettbonium hydroxide, deliquescent 
crystallme mass obtained by treating the iodide 
with moist silver oxide ; resembles caustic 
potash ; its salts are crystalline and devoid of 
emetic action. 

Tnelhffistibine Sb(C,Ht),. Synthesised by 
method I (above), and ordinarily pr^ared m the 
same manner or by method Hi. (above) 
Goloorless liquid, b p 168 6/730 mm. JD 
1 3244/16°, odour of onions, soluble in ether or 
alcohol, insoluble m water , spontaneously 
inflammable (Lowig and Schweitzer, Annalen, 
1860, 76, 316 ; Hofmann, Annalen, 1867, 103, 
367 , Buckton, Quart. J. Chem. Soo , 1863, 
13, 116, 118). 

TeiraHkylsitbonium iodide S^C^HdilfliHiO. 
Hexagonal prisms, fairly soluble m water, more 
so in alcohol and less so in ether. 

Tetraeihyletibonium hydroxide, pr^ared from 
the iodide and moist silver oxide, is oily, mis- 
ciblo with water or alcohol, and forma crystalline 
but hygroscopic salts. 

Tnamyl stibine Sb( 04 Hii)|, prepared by 
method I. (above). Fuming liquid heavier than 
water, oxidising to triamylatibine oxide 
8b(C.H^»),0 

SVHTUBSBS OP AhOMATI^ AnTIHOHIALB. 

I. Interaction ol sodium with chlorobcnMne 
and antimony trichloride In benxene solution. 
The mixture heated for 24 hours yields tri- 
phenylstibme, tnphenylstibine dichlonde and 
diphenylstibine triohlonde. Triphenylstibme 
heated under pressure with antimony tn- 
chloride gipes phonybtibme diehloride and 
diphenylstibine ohlonde, the sodium conden- 
sation thus loading from tertiary to primary 
and secondary antimonials 

II. Grignard reaction. Antimony tnchlonde 
heated with magnesium aryl bromide or iodide 
gives tnarylstibme aa chief product, but the 
diaryl and monaryl antimony compounds may 
be obtawed from the tertiary stibine by heating 
with antimony tnchlonde (Morgan and Mickle- 
thwait, U , ef Pfeiffer, Ber 1904, 37, *4621) 

III. DIaiO- synthesis. This method was 
discovered by the Chemisohe Fabnk von 
Heyden, who in 1911 showed that the stibinio 
group could by this means be introduced mto 
aromatic nuclei Phenyistibinie aeid is pre- 
pared by diazotismg amlme, which is then 
treated with a ooofod solution of antimony 
triohlonde in aqueous sodium hydroxide. 
After some hours the mixture is almost neutral- 
ised with dilute sulphuno acid, and the phenyl- 
stibinio acid is precipitated from the filtem 
solution by hydtoohlono acid. As thus pre- 
paid, pbohylstlbinio acid differs appreciably 
»om epeobnoDs obtained vid phenylstibimo 
ohloride, showing decided tendency to form 
salts with ammom and sodium hydroxide, 

2 A 
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^•IlydroxyphenyUilibinie Acid , 

HO-CeH,SbO(OH), I 

and p-Aminovhi6:tiyltitd)m\c Actd {u-Sltbanilic i 
Acid) NH|‘OeH4‘8bO(OH)| are both prepared j 
by analoffous methods. The sodium salt of the ! 
latter is tno antimonial analogue of atoxyl {q v.), 
and has similar thorai>cutio properties. Acetyl- 
p-plionylonediainino is dia/otised and converted 
into acotyl-p-ammoplienylstibinic acid by treat* , 
inent with alkaline solution of antimony tri* 
chloiide. The uruduct is hydrolysed into ■ 
p-aininophcnylstibinic acid. 

The sodium salt of acetyl-p-aminophenyl- 
stibinio acid is ' Htibactdin,’ the antimony 
analogue of * aisacTtin.' 

Wnon acetyt-p-aminophenylstibinic acid is 
Hucoessivoly nitrated and hydrolysed with 
caustic alkali so as to n'jjlat'c the ucctylaniino- 
coniplex by hydn)xyl, the seal let alkali salt of 
‘A-nilroA-hydiojnfHtihinic avid separates. This 
salt is also produced by converting yi-chloro- 
anilLno into p-chlorophenylstilniuc acid (by the 
above diazo reaction). This chloio- compound 
IS nitialt'd to .‘bnitio-4-(*hIor<iphenyistibinic 
acid, whi(‘li on treatment with alkali exchiingCH 
its chlorine atom for a hydroxyl gioiip. 

^^Jlg ^SbOfOil)* 

OH 01 

o«.>. 

SbO(()H)a SbO(Oll), 

Aromatic Antimoniais. 



Phenyhtibine dtckloridc, OdHg'Sb’Clg, colour- 
less crystals, rn.p. 58" ; b.p. 2l)(r ; very soluble 
in alcohol, ethi'r, benzene, or light petroleum 
On warming, the odour, which is at first faint, 
becomes very pungent and irritating (ilasen- 
baunier, Her 18!)S, 31, 21)12) 

Phenyhtibinic chloiide OoHs SbCl^.is prepared 
by saturating an ethereal solution of phenyl- 
stibino chloride with chlorine, and is obtained 
as a hygroscopic cry.stalIino mass. It is hydro- 
lysed by water into phenylstihinic acid 
CsHfiSbOCOH), 

a wliite powder decomoosing above 2tK)" ; in- 
soluble in water ; soluble in aqueous alkalis and 
in glacial acetic acid. 

Viphenylatibine chlomU (CeHj)iSb*Cl, colour- 
less crystals, m.p. (»8" (Miciiaclis and Cunt her. 
Her. iflll, 44, 231 d ; Morgan and Mieklethwait, 
l.c , ; Hruthnorand Wiernik, Her. 1915, 48, 1749). 

Jhpjinnfliftibiuv trichloride. Colourless 
noodles with one molecule of water, lu.p. ISO". 
Formed as by-produot in Byntho.si8 I., Iwing 
extraetod with hot dilute hydrochlorio acid from 
the concentrated mother li(|Uors from this 
reaotiun. Treated successively with (a) alcohol 
and dilute ammonia, or with ( 5 ) aqueous sodium 
hydroxide and acetic acid, the trichloride yields 
DiphenyUlibtnic acid (CeH^liSbO'CH, a 
granular precipitate insoluble in ammonia or 
sodium carbonate, as produced by the first 
method, or in a form smuble in these reagents 
when obtained by the second method. 

Triphtnylsiimne (CeHslgSb. Colourless, tri- 


clinic plates, m.p. 48" ; b.p. 231 -232"/ 16- 18 mm., 
above 360®/760 mm. (with partial decomposi- 
tion); T) 1*4998/12"* (Ghira, Gazzetta, 1894, 
24 (i), 317). Synthesised by method L (above). 
The product of this reaction is suacessively 
extracted with alcoholic hydrochloric acid and 
light petroleum, the latter removing the required 
stibinc, which is then precipitated by chlorine 
in the form of its dichloride, this bemg reduced by 
hydrogen sulphide. The product is recrystal- 
Iisc<l from light petroleum (Michaelis and Kceso, 
AnnaliTi, 1885, 233, 46). An almost quantita- 
tive yield cun be obtained by employing the 
Grignard reaction (Morgan and Mieklethwait, 
Chem. Soc. Trans, 1911, 99, 2290). 

TnphenylsUbtne dichloride ((J4H5)3SbCl2. 
Formed as a by-product in Method I. (above). 
Colourless necdleH, m.p. 143". 

Triphenylatibine aalphide, ‘ Sulphoform,* 
(CellslsSbS. White needles, m.p. 119-120". 
Soluble in benzene, chloroform, or glacial acetic 
acid, less soluble in alcohol, slightly soluble in 
ether. It has been used successfully in the 
treatment of eczema and other skin diseases. 
It IS pre])an*d by the carefully regulated action 
of hydrogen sulphide on the alcoholic ammonia 
solution of the sfibine chloride (Kaufmann, 
Her. 1908, 41, 2701) 

Tbbvai.ent Antimony Derivatives. 

The members of this series of antimoniais 
contain the stibino-group,— Sb=Sb--, and were 
discovered in 1911 by the (-hernischo Fabrik von 
Hoyden, who suecoeded in reducing the aromatic 
stibinic acids. 

i^iibnadjeiizcne CeHj'Sb : Sb'CftHs. Pale 
yellow powder, insoluble in water, soluble in 
glacial acctio acid and chloroform, Phenvl- 
Htibinic acid in caustic soda solution is cautiously 
reduced with sodium hydrosulphite, and the 
rc.su Itiiig crude product extracted with a mixture 
of alcohol and benzene containing copper" 
powder. The liJtcred solution contains the 
piiriliud product. 

3 : W ~ Ihaminostibincdjenzene 

NH/Cell^-iSb : Sb C.H4-NH3 

Yellow powder, insoluble in water, soluble in 
glacial acetic acid, soluble with pronounced de- 
composition in mineral acids. Prepared by 
treating a dilute alkaline solution of m-amino- 
phonylstibinoiis cliloride - hydrochloride with 
a filtered solution of sodium hydrosulphite 
magnesium chloride and sodium hydroxide. 

3 : 3'-Diam>no-4 ; -dik^roxystibinobenzme 

NH, NH, 

HO<^^^Sb : Sb(^~^OH 

the antimonial analogue of Salvarsan base is 
prepared by reducing 3-nitro-4-hydroxyphenyl- 
stibinio acid with alkaline sodium hydrosulphite. 
Tlie red colour of the sodium salt of this acid 
disappears, and the stibinic compound separates 
as a redflish- brown precipitate, soluble in aqueous 
alkalis or acids. It is easily acylated, and it 
condenses with aldehydes. It can be diazotised 
and yields a colouration with ferric chloride. 
When oxidised with alkaline hydrogen peroxide 
it is converted into colourless 3-amino-4-%droxy- 
phenylstihinic acid (D. R. P. 208451). 
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Misobliameous Oboanic Dxbivatives of 
Antimony. 

Trieamphorylslibinie chloride 



This is the main pr(«iuc't of the oon<hMiHatn>n 
of the sodium derivative of camphor with 
antimony trichloride. It is soluble in benzene, 
from which it is obtaino<i in colourless crystals, 
melting with decomposition at 244° ; it is 
resolved by water into the unstable tricxtmphoryl- 
eiibinic and (CioHi|0)sSb{OH)|, decomposed by 
dilute aqueous sodium hydroxide, and by boiling 
water (Moraan, Mickfethwait and "Whitby, 
(Ihem Soo. Trans. 1910, 97, 3r)). 

PhpnylcyclopentamdhyhncMibine (I ) is pre- 
pared by the Orignard method from phenyl- 
stibine dichloride and the magnesium compound 
of ac-dibromopentano, and is a colourless, 
viscous, unpleasant smelling oil, b.p. 169-171°/ 
18-20 mm. (in COj) ; oxidises on exposure to 
air. 

I. 


CITa-CfL. 

>Sb (\Il5 
-CH/ 

II. 


V ^.3 

cli. 


When aS-dibromobutane is employed in this 
condensation phenykycioli irampthylenesltbtnc 
(II.) is obtained as a colouiless oil of unpleasant 
odour, b.p. 166-168°/20-22 mm,, yielding 
crystalline dichloride and dibromide ((Jruttner, 
Wiernik and Krause, Ber. 191C, 48, 1473 ; 1916, 
49, 437). 

Bibliography. — Organic Compounds of 

Arsenic and Antimony (Morgan, London, 1918). 

G. T. M. 

ANTIMONIN. Trad<* name for antimony 
cabiurn lactate, used as a tannin-fixing mordant. 

ANTIMONITE. Native antimony sulphide 
(w. Antimony). 

ANTIMONY. {Antiitioine, Fr. ; Anhmon, 
Ger.) Nlibium. Hym. Sb. At.wt. 120'2. 

Occurrence. — Antimony occurs native in 
small quantities, occasionally in rhorabohcdral 
crystals, at Andreasberg in the Hartz, Brzibrain 
in Bohemia, Sala in Sweden, Allemont m France, 
in the United S^tes, New South Wales, ancl 
Quebec. It occurs in large masses in Sarawak, 
Borneo. 

Combined with oxygen as the sesquioxide 
Sb|0(, it occurs m antimony bloom, white anti- 
mony, or valentinite, and in senarmontite, being 
found in workable quantities in the Algerian 
province of Constantino. In antimony ochre 
or cervarUite, and in stibiconite and volgerite, it 
occurs as antimonite of antimony Sb 204 . 

Combined with sulphur, it occurs as Mnite, 
aniimonite, or grey antimony ore Sb,Ss. In 
union wiUi sulphur and oxygen together, it 
forms red antimony, antimony blende or ker- 
mesite Sb, 0 , 2 Sb 2 Ss. 

With arsenic, antimony is found in alle- 
montite or arsenical antimony. With silv&r. 


I With sulphur and metals, antimony forms f 
I number of wlpharUimonites, among which mai 
be mentioned zinkenUe^ famesoniic, boulangerite 
and feather ore, containing ant.imony, sulphur 
and lead ; miargyrite, pyrargynte, and stephan 
ite, containing silver ; betthteritc, eon taming 
iron, and antimonial copper glance. Antimony 
13 found in certain ferruginous Avaters. 

The antimony minerals of eoinmorcial iin 
portaneo as ores are stibmte, and the deeoinpo 
sition products which are usually associate! 
with it and sometimes entirely replace it, viz 
kermesite, uilenitnite, senarmontUe, ami cervant 
ite. 

Antimony ores occur in workable quantitici 
in Mexico, California, North and South America 
Canada, Australia, Japan, Borneo, Capo o 
Good Hojic, New Zealand, Asia Minor, Austria 
Hungary, France, Russia, Siberia, Serbia 
Algiers, Italy, Spain, Portugal, (’orsiea, am 
Sardinia. Small deposits of antimony sulphidi 
have been discovered m Cornwall, (’iiinberland 
and Scotland. 

Antimony ortAs occur in the south of Hu 
peh and part of Sze-chuen nrovineo and in tin 
provinces of Hu-nan Kwoi-chow, Kwang-si, am 
Vun-nan. Roughly speaking, this vast anti 
mony belt comprises the entire western half o 
China south of the Yang-tse-Kiang. Then 
are smelting and refining works at Woo-chov 
which reduce the ore mined in the province 0 
Kwang'Si, exports from which are shipped t( 
(Janton and Ilong-Kong. 3’hero are als( 
important works at Chang-sha, the capital o 
Ilu-nan province, exports from which an 
shipped vid Hankow and Shanghai (Sehoellor 
J. Soc. Ohom. Ind. 1913, 32, 260). 

For a list of antimony-producing countries 
seeJ. Soc. Chom. Ind. 1915, 34, 1148. 

The veins in which stibnite is found an 
usually 4-6 inches in width, but in some ricI 
mines, as in Nevada, they are several feet'across 
The gangue materials are quartz, with sornt 
brown-spar and heavy sjiar, and from those 
the sulphide can only bo separated by hand 
picking or liquation. It is occasionally founc 
in pockets, when it is usually very pure. 

By far the most general ore of antimony ii 
the sulphide, but in some cases, as in Algeria, th( 
oxide 18 found in workable quantities, and ii 
other cases both oxide and sulphide occui 
together. 

Extraction. — Metallic antimony and its com 
pounds are nearly always extracted from the 
ores by dry methods. According to theii 
suitabiUtv for the several methods of treatment 
the ores fall into two broad classes : 

(а) Sulphide ores containing over 40 p.o 
stibnite. 

(б) Sulphide ores containing less than 40 p.c 
of the sulphide, and oxide ores of any grade 
In this class also ma^ bo included liquatior 
residues and flue deposits, Ac. 

Preliminary treatment of Ores. — Ores of 
class (a) are used for the procluction of the meta 
by the English process. If the content o: 
sulphide is over to p.c., the ore requires m 
preliminaiy treatment, but less pure ore if 
subjected to a process of liquation, m which the 
sulphide is rndted and allowed to run awa> 
from the gangue. 
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formerly aeed where fuel is plentiful, as at 
Malboso, in the Department of Ard^che, Wolfs* 
beig in the Hartz, and in Hungary. The ore was 
pla^ in small lumps in a number of conical 
pots of 45 kilos capacity, each perforated below 
and standing on a perforated plate over a sunken 
receiver. Tlio pots were surrounded by fuel 
which continued to burn for 10 hours, the melted 
sulphide, known as crude antimony, collecting 
in the receivers. 

At ]ja Lincouln, Wolfsberg, and Haute Loire, 
the pots were contained in a reverberatory 
furnace. At Kchmollnitz, in Hungary, the 
melted sulphide ran through channels into 
rciceivors outside the furnace. 

At Alalbosc, the jiots are replaced by oylin* 
drical tubes, perforated below and standing on 
similarly perforated plates above tlu; receivers. 
Kach cylinder has a capacity of 500 lbs. of ore, 
four being heated in one furnace. Kach has a 
hole at tiko side, througli which the residues are 
removed, these holes being closed during the 
heating. The receivers are of clay, or of iron 
coated with clay. 

At Chang-Sna, and also m other parts of the 
provinoo. crude antimony is obtained from high- 
grade (58 p.o.) ores by liquation. The process 
is carried out in furnaces each of which holds 
two clay crucibles, the charge for each crucible 
being 60 lbs. of ore. The crucibles are inclined 
and perforated at the bottom ; they are fired 
for two hours, the liquated sulphide collecting 
in a cavity at the back of the furnace, whence 
it is ladled into iron moulds and allowed to 
solidify. The pasty liquation residue is dumped 
into loose iron frames formed of two L-shaped 
pieces in which it cakes together on cooling 
(Hchoollor, I.C.). 

The method of licpiation in reverberatory 
furnaces is used in some places whore ore can 
be mined cheajily but fuel is dear. The con- 
sumption of fuel per unit of sulphide liquated is 
least with this typo of furnace, but there is a 
considerable loss of antimony by volatilisation. 
This loss, however, can bo prevented by the 
use of suitable condensing apparatus such os 
iferrenschmidt’s 

In any process of liquation the temperature 
must be carefully regulated, os too low a tempera- 
ture results m a low yield of sulphide, the 
residues containing too much antimony, whde 
too liigh a temperature increases the loss by 
volatilisation. 

The liquated stibnito contains much less 
sulphur than is required by the formula Sb^S,, 
and Schooller has imown that this is due to the 
presence of oxygon. 

Ores of class (6) are either roasted to the 
non-volatile tetroxido, or to the volatile trioxide, 
or are subjected to one of the direct reduction 
processes. 

The oxidation of the sulphide to tetroxido 
takes place at temperatures oetween 360° and 
400° in presence of excess of air. If the ore is 
impure, antimonates of the metallic impurities 
are formed at the same time. During the 
roasting there is a groat tendency for the ore 
to frit, and this necessitates the constant 
rabbling of the charge. The presence of gangue 
renders the ore less liable to fuse, so that the i 
process is most easily carried out with poor 
ores, e,g. ore-dust, for the treatment of wmch | 


it is largely used. The furnaces employed are 
of two classes : 

(a) Hand rabbled reverberatory^ furnaces, 
having an c^g-shaped flat bed, with a fire- 
place on either side and a working door at the 
front. With these the process is intermittent. 

(h) Long bedded furnaces, in which the 
roasting is earned on continuouidy. These fur- 
naces are 40-45 feet long, by 8 feet wide, by 2 feet 
high, and have 10 working doors on each side. 
The ore is charged in at one end, and is then 
gradually worked along the bed during about 
40 hours, and finally discharged at the other 
end. Fresh ore is continually^ charged into the 
furnace at the rate of 0 cwts. eVe^ 8 hours. 

The oxidation of the sulphide to volatile 
trioxide takes place at about 400° with a 
carefully regulated amount of air. This pro- 
cess, provided suitable condensation apparatus 
IS installed, presents marked advantages, and is 
finding an increasing application, especially in 
dealing with poor ores. It may be noted that 
arsenio is complcUdy separated as the more 
volatile trioxide, that any gold or silver present 
IS left in the residue and can afterwards be 
extracted, that the loss of antimony and the 
consumption of fuel are low. Many different 
forms of plant have been used for this process, 
but in most the roasting takes place in a furnace 
of cupola type, the most important processes 
licing the Cliatillon and Herrcnschmidt. The 
forms of condensing apparatus are of two classes : 

(а) In which the vapours are passed through 
a scries of flues and chambers and finally through 
water- tanks in which the last traces of' oxide are 
deposited. 

(б) In which the furnace gases arc cooled 
below 100° in flues and then filtered through 
canvas or other coarse fabric. 

In the Herrensehmidt process the roasting 
furnace is built of brick, and is provided with a 
hopper through which the ore, mixed with 4-5 p.o. 
of gas- coke or 0-7 p.c. charcoal, is introduced. 
The gases pass from the furnace into a chamber, 
and then through a series of cast-iron tubes 
placed nearly vertical and air-coolcd, in which 
the main jiortion of the trioxide is deposited. 
The last traces are removed by forcing the gases 
up a tower filled with coke over which water 
flows. The draught is maintained by two 
centrifugal fans, working tandem. It is stated 
that 0 tons of ore, containing 10-15 p.c. anti- 
mony, can be treated in 24 hours, with a yield of 
over 90 p e. 

iSmdUng of the metal . — ^Antimony is prepared 
from * crude antimony ’ or high-grade stibnite 
ores by the ‘ English ’ or ‘ precipitation ’ method. 
The ore, of which the composition has been 
determined by analysis, is ground under edge- 
runners to the size of a hazel-nut, or smaller, 
and is subjected to three operations : 

Singling, This process is carried out in 
crucibles of which about forty are arranged in a 
double row on the hearth of a long reverberatory 
furnace having a grate at each end, and a flue, 
leading to condensing chambers, in the middle. 
The crucibles are about 20 inches high and 11 
inches across, and are made of a mixture of 
0 parts fire-clay and 1 part plumbago. The 
charge for each pot is 42 lbs. ore, 16 lbs. iron, 
4 lbs. salt, and 1 lb. slag from * doubling ’ (v.t.). 
These materials are int^uced into the rerl-bot 
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crucible, and kept in a «tate of fusion for 

2- 3 hours, at the end of which time the contents 
are poured into moulds, and the antimony is 
removed from beneath the slag. The product, 
known as tingUs, usually contains about 91 p.c. 
antimony. 

Dovming is carried out in crucibles arranged 
in a furnace as previoiislv described. The 
charge for each pot is 84 lbs. broken singles, 

7- 8 lbs. liquated sulphide, and 4 lbs. salt, and 
the fusion, which takes about U hours, is 
closely watched, the workman judging from the 
nature of the slag when the operation is comjjlete. 
The slag is their removed with an iron ladle, 
and the metal poured into moulds. This product 
IS called howl metal or star howU, and sometimes 
contains over 99 p.c. antimony. 

Starring, or melting for star metal (v.i. under 
Refining). • 

In the English process the loss due to 
slagging and volatilisation is small, being 
only 2-6 p.c. 

It is possible also to reduce the sulphide on 
the hearth of a reverberatory furnace. The 
partially roasted ore, which contains the sulphide 
and oxides of antimony, is mixed and fused with 

8- 13 p.c. of coal and 9-11 p.c. of soda, fre* 
quently with the addition of iron, in which case 
the slag produced is much less fusible and does 
not cntirelv cover the bath of mctnl ; the anti* 
mony produced also contains much iron (Dingl. 
poly. J. 162, 449). Where carbonate of soda is 
used for the fusion the mass froths considerably 
and attacks the furnace hearth. 

The metal is prepared from cither of the 
oxides by one of the numerous reduction pro- 
cesses now in use. 

(а) Reduction in reverberatory furnaces is 
carried out at Bouc, Scpt6n]es, Now Brunswick, 
&c. The fumacc-bed is egg-shaped, deep in 
proportion to its width, and is provided with a 
tap-hole at the lowest point. The furnace gases 
are passed through a long series of condensing 
chambers. Eirst 90-110 lbs. flux (chiefly salt, 
with some soda and sodium sulphate) and 
220-230 lbs. of slag from a previous operation 
are melted on the hearth, and then 400-600 lbs. 
of roasted ore and 67-75 lbs. of charcoal are added, 
and the whole kept in a state of fusion till 
reduction is complete. At New Brunswick the 
reduction and refining are carried out conse- 
sccutivcly in the same operation. 

(б) Some French smelters reduce an oxidised 
ore containing 30-40 p.c. of antimony in a 

3- tuyered shaft furnaco at the rate of 2-2 J tons 
per 24 hours, with the consumption of about 
naif that weight of coke. The rcgulus contains 
92-95 p.c. of antimony, and is subsequently 
refined. 

^ At B&nya, Hungary, antimony ores are 
mixed with silicious material and smelted in a 
blast-furnace for impure rcgulus, which is then . 
refined in a reverberatory furnace. The blast- 
furnace used is a round stack 6 m. high and 1*4 m. 
diameter at the throat. The hearth, which is 
1 m. across, is fitted with five water- jacketed 
tuyeres, and has two outlets for slag and metal 
respectively ; a third opening is used for blowing 
out. A blast of 15 o.m. per minute is used, and 
the gases are collected by a tube at the throat 
and passed through a condensing apparatus. 
Such a furnace will run for 3 weeks continuously. 


smelting about 20 tons of material daily (Berg, 
u. Hiitt. Zeit. 1886, p. 102). 

(c) Reduction in crucibles is only used when 
rich ore or the trioxide is available. The 
reducing agent for the trioxide is carbon (char- 
coal or anthracite), and sodium sulphate and 
carbonate arc adde<l to form a slag. 

Considerable quantities of antimony ore are 
now treated directly for the production of the 
metal. One such process which has been success- 
fully used for some time depends on the reduction 
of the sulpliido in a bath of molten ferrous sul- 
phide containing iron (v. T. V. Sanderson, U.S. 
Pat. 714040, liK)2; Cookson, Fr. Pat. .324864 
1902; andHerrenschmidt,Fr. Pat. 290200, 1900). 

Another method consists in the reduction of 
the sulphide with carbon in water- jacketed 
blast-furnaces. This has been used by Hering 
for the treatment of liquidation residues. 

W. R. Schoellcr (Bull. Inst. Min. and Met. 
Feb. 1918) describes the blast-furnace smelting 
of antimony ores direct in water-jacketed blast 
furnaces, the charge consisting of ore, basic 
slag, chalk and coke. In this method, no iron 
is added to the charge and no reduction of iron 
takes place in the furnace. The antimony is 
obtained as a high grade metal, practically free 
from iron. The best conditions for working the 
furnace are found to bo about 10 p.c. coke, low 
blast pressure, low metal content of charge 
(about 10 p.c.), high smelting column (over 
15 feet), and provision of a heated forohearth 
for the separation of metal and slag. 

Methods of treating antimony ores have also 
been proposed by which the antimony is con- 
verted into the volatile chloride, as m Lyte’s 
process of roasting the ore with salt. The ore 
may also bo subjected to the action of hydro- 
chloric acid gas in a reverberatory or muffle 
furnace, the volatilised chloride bbing condensed 
in a solution of hydrochloric acid (Dingl. poly. J. 
250, 79-88, and 123-133). 

Among processes allied to the smelting of 
antimony there need only be mentioned that of 
Herrenschmidt for tlie extraction of gold from 
antimony (Fr. Pat. 350013, 1904). This de- 
pends on tlic fact that when a small quantity 
of antimony is melted with or reduced from 
auriferous stibnite, all the gold present in the 
sulphide passes into the metal. 

Many proposals have been made for the ex- 
traction of antimony by wot or electrolytic 
methods, but they have not been a success 
commercially. Reference may bo made to 
Hering (Dingl. poly. J. 230, 253), and Borchers 
(Klectrolytische Cowinnung dcs Ant. Chem. Zeit. 
xi. 1883, 1023). 

Refining of Antimony, 

Unrefined antimony contains sulphur, iron, 
arsenic, and sometimes copper, gold, and lead. 
The following analyses show the composition of 
typical samples, I. and II. being metal made 
with scrap iron; III. and IV. metal from 
roasted ore smelted in a blast furnace ; V. 
Chinese : — 

I. II. III. IV. V. 

Antimony . 94*6 84*0 97*2 96*0 98*20 

Iron . . 3*0 10 0 2*6 4*0 0*146 

Sulphur . 2*0 6*0 0*2 0*76 0*37 

Arsenic . 0*26 1*0 0*1 0*25 0*148 

Gold . traces — — — — 
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All these impurities, except lead, can be 
removed by slagging with ozidismg, sulphurising, 
or chlorinating agents. The usual fluxes are : 
Glauber salt and charcoal, which remove copper 
and iron as sulphides, and arsenic as sodium 
arsenate ; and antimony glass (antimony 
oxysulphido) which eliminates sulphur. Chlor- 
ides, such as salt or carnallite, must be used 
with caution, or groat loss by volatilisation may 
result. 

Befining in crucibles finds its chief application 
in the English process. The ‘star bowls* (v.s.) 
are cleaned from slag by chipping with sharp 
hammers, and the metal is then broken sme^ 
and melted with 2-3 p.c. of antimony flux, pre- 
parcfl by molting together American potashes 
and powdered stibnite in varying proportions 
(approximately 3 parts potashes and 2 parts 
stibnite) until, bv experiment, the correct com- 
position is found. The refining is carried out 
in the pots nearest the grates, and takes 30 
minutes to 1 hour, the charge for each crucible 
being 84 lbs. The fliiishcd product is run mto 
81b. ingots, which an* carefully covojed with 
slag and allowed to cool without disturbance. 
The coal consumption is large, but is com- 
pensated by a much smaller loss by volatilisation 
than occurs m other processes. 

Jif fining in reverberatory furnaces is used at 
Milleschau, Bdnya, Siena, and Oakland. It is 
imperative that the bod of the furnace should 
bo tight and able to withstand the action of the 
alkali flux, and this is best attained by making 
it of one solid piece of soft, \\oatherc(l granite. 
A fairly good substitute for tlio granite is a 
mixture of burnt and raw clay well rammed into 
an iron box. An example of such a process is 
that recommended by Ib'lmhacker and used at 
Milleschau (Berg. u. Htitt. Zoit. 1883, 191 ; and 
Dingl. poly, J. 260, 123). 

A * glass of antimony * is jiroparcd by fusing 
a mixture of the crystalline antimony oxide 
which collects on the hotter portions of the flues 
with sulphide of antimony, until it forms a 
glassy dark grey or brown mass ; this is mixed 
with the carbonate for the purification of the 
metal, and is occasionally used alone where the 
metal is but slightly impure 

The bod of the furnace is heated to a cherry 
red and 600 to 700 kilos, of crude antimony 
placed on it; a quantity of oxide and some 
arsenic escape, and in from 30 to 60 minutes the 
metal has run down. From 3 to 7 p.c. (according 
to the purity of the metal) of carbonate of soda, 
sometimes mixed with coal or coke, is then added 
The metal is thus covered and fumes less, small 
jets of flame appearing occasionally on its sur- 
face ; the temperature is raised, the metal 
remaining under the slag for from 1 to 3 hours 
(determined by the workman), the slag then 
becomes thick, and is removed by drawing it 
through the door with a long-handled flat 
transverse iron. 

Three p.c. of antimony sulphide and 1^ p.c. 
of oxido are then thrown on the surface of the 
metal, and when melted p.o. carbonate of 
potash, or of a mixture of caroonate of potash 
and soda, are added. By this means the iron 
and last traces of sulphur are removed; in 
less than 15 minutes the refining is complete, and 
the critical operation of ladling is m^formed. 
A cast-iron hemispherical ladle^ holoing 15-2(1 


kilos., is riveted to a chain hanging from the 
roof exactly in front of the working door, before 
which the cast-iron moulds for receiving the 
metal are arranged on a stone table. The work- 
man dips his ladle obliquely, removing some slag 
with the metal ; part of this is first poured 
into the mould to prevent the metal from 
actually touchii^ the mould, and the metal is 
well covered with the slag and left at rest. 
Unless this be done the ‘ starring * will be im- 
perfect, and, as this is considered a test of purity, 
its value will be lowered in the market. The 
slag may generally be used pgain. The oxide 
condensmg in the flues is removed as seldom as 
possible, as this operation, os well as the furnace 
work, is very injurious to the workers. 

Star antimony usually contains small 
^ amounts of iron, lead, sulphur, igid arsenic, but 
j can be further purifled by Liebig’s method, 

I which consists in fusing the metal successively 
with 12 p.c. sodium carbonate and 6 p.c. anti- 
I mony sulphide, and again with sodium carbonate 
' to which a little nitre has been added. 

The following are typical analyses of com- 
mercial antimony (v. Min. and Sci. Press, 
July 10, 1916). 



CcH)k8on*s 

Ilallett'H. 

Japanese. 

Chinese. 

Lead 

. 0041 

0-669 

0-424 

0-018 

Tin 

. 0-036 

0176 

0-012 

0-036 

Arsenic 

. trace 

trace 

0-095 

0-017 

Copper 

. 0040 

0-038 

0 043 

0-008 

Iron 

. 0010 

0-014 

0 007 

0-007 


When ‘ pure,’ and cast under correct con- 
ditions, a beautiful fern leaf or ‘ star ’ appears 
upon the surface of antimony, and according to 
the length and form of this ‘ star ’ on the ingot 
its quality is decided. Although the ‘ star ^ is 
accepted as a criterion for the purity of the 
metal, it is really only a rough guide. It is no 
guarantee that the metal is more than 99 p.o. 
pure, as it may be produced with inferior metal, 
while the very best metal may show an imperfect 
star or none at all if not properly cast. It is 
this peculiar characteristic of pure antimony to 
crystallise on the ingot in the fem-lcaf or star 
form when cooling, which originates the trade 
term of ‘ star antimony ’ for good quality of 
antimony. 

For pharmaceutical purposes it is important 
to prepare antimony quite free from arsenic. 
This may be accomplished by Wohler’s method. 
A mixture of 4 parts pow'dcred commercial 
antimony, 6 parts sodium nitrate, and 2 parts 
sodium carbonate (to prevent the formation 
of insoluble antimony arsenate) is thrown into 
a red-hot crucible. Combustion takes place 
quietly, tho mass is pressed together and more 
strongly heated for half an hour, so as to become 
pjasty without fusion, being pressed down as it 
rises from evolution of gas. While still hot 
and soft, it is removed, reduced to powder, and 
boiled with frequent stirring in water, the finer 
powder is poured off with the water, and the 
residue again treated, the washings being mixed 
with that first obtained. The water, wmch con- 
tains the whole of the arsenic but no antimony 
(Meyer), is removed from the insoluble portion 
by subsidence, decantation, and filtration. The 
residue of sodium antimonate should be white 
I but the presence of lead imparts a yellow colour 
I It is dried and fused with half its weight of orean 
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of tartar at a moderate heat, oooled, broken into 
small lumps, and the potassium and sodium | 
remov^ by digestion in water. The powdered 
metal is then fused into a button. 

This method may be used quantitatively for 
the separation of antimony from arsenic. K the 
sodium nitrate be replaced by potassium nitrate, 
a portion of the antimony will enter into solu- 
tion with the arsenic as potassium antimonate 
(p. C. Moyer, Annalen, 46, 236 ; Chem. Zentr. 
1348, 828). Arsenic may also be completely 
removed by fusing the antimony in succession 
with Ist, potassium carbonate ; 2nd, potassium 
nitrate ; 3rd antimonic oxide ; 4th, potassium 
carbonate (Th. Martins, Kastn. Arch. 24. 263), 
or by fusing three times with fresh portions of 
sodium or potassium nitrate. 

Duflos (Kastn. Arch. 19, 56) recommends a 
roeess in which the arsenic is driven off as 
uoride by means of sulphuric acid and fluorspar. 
{See further Schw. 42, 501 ; also Buchner and 
Herbergcr, Report. 38, 381, 266.) 

Pure antimony may bo obtained by heating 
tartar emetic to low redness and digesting the 
resultant mass in water to remove the potassium. 
The powder thus obtained may bo then dried 
and fused into a button. 

(jfoschufl (Zcitsch. anorg. Chem. 1918, 103, 
164) describes the following method of preparing 
chemically pure antimony. Antimony tri- 
chloride or pentaclilorido is purified by distilla- 
tion and converted into chloroantimonic acid. 
The chloride is dissolved in concentrated hydro- 
chloric acid, and chlorine is passed in until the 
solution becomes gr(H‘iush yollow, and then 
hydrogen chloride is introduced. After purifica- 
tion by recrystallisation, the chloroantimonic 
acid is hydrolysed to antimonic acid, which is 
reduced to metal by fusion with potassium 
cyanide. 

Testa Jor Impurities in Antimony. 

Sulphur. The powdered metal evolves sul- 
phuretted hydrogen gas (which blackens lead 
paper) on heating with strong hydrochloric 
acid. 

Arsenic, If deflagrated with | its weight 
of sodium nitrate, boiled with water and filtered, 
,the arsenic enters into solution, leaving the 
antimony behind ; the solution is saturated with 
sulphuretted hydrogen (if an orange precipitate, 
consisting of antimony sulphide, falls, this must 
be filtered (quickly ; it is due to the jiresonce of 
a trace of antimony in the solution). The 
arsenic Is deposited as the lemon-yellow sulphide 
on standing. 

Lead and copper. The metal is powdered 
and treated with dilute nitric acid, evaporated 
nearly to dryness, taken up with water and 
filtered ; the addition of sulphuric acid precipi- 
tates white lead sulphatk), and the addition to 
the filtrate of potassium ferrocyanido gives a 
brown precipitate in presence of copper. 

If sulphur as well as lead be present in the 
antimony, the lead is converted at once into 
sulphate by the action of nitric acid, the residue 
on evaporation is digested with yellow am- 
monium sulphide, whi^ dissolves the antimonic 
oxide and leaves black lead sulphide. 

Iron. The powdered metal is ignited with 
three parts nitre and washed with boilmg water, 
the residue is boiled with hot dilate hydrochloric 


acid ; on the' addition of potassium ferrocyanido 
a blue precipitate is produced. 

Detection of antimony. When fused on char- 
coal with potassium cyanide or sodium carbonate 
or a mixture of the two, antimonial compounds 
produce a brittle white bead of metallic antimony 
with white fumes and a white incrustation on 
the charcoal ; the bead loaves a white residue 
on treatment with nitric acid, which is soluble 
in cream of tartar or tartaric acid. Sulphide of 
antimony melts leadily in the candle flame. 

A ilelicate confirmatory test, given by 
Crookes, is to add to the white incrustation oh 
the charcoal one drop of ammonium sulphide, 
when the formation of the orange sulphide is 
conclusive evidence of the presence of antimony. 

Estimation of antimony . — Wet assay. — (a) 
Oravimetric. In the case of ores and products, 
a weighed quantity is fused with sodium 
hydrate and a little potassium nitrate, the 
fused mass is extratted with water and a 
little hydrochloric acid if necessary. The 
solution obtained is liltorcd, and if much 
rn.sidne remains, it is re fused. A few grammes 
of tartaric acid and excess of oxalic acid are 
addoil, and hydrogen sulphide is passed through 
the solution first cold and then after heating. 
The sulphide preequtate is filtered off and 
digested with sodium sulphide and iiltered. 
To the solution, hydrochloric acid and potassium 
chlorate are added, and it is boiled until free 
from chlorine. The acidity of the solution is 
adjusted to 60 p.c., hydrochloric acid and 
hydrogen sulphide passed to precipitate arsenic, 
which, if present, is filtered off. The solution is 
diluted to three times its volume, and is ready 
for the jireeipitation of the antimony. In the 
ease of alloys containing antimony, those are 
dissolved in hydroehlone acid with the aid of 
potassium chlorate to the solution, excess of 
tartaric acid is added, and it is poured into a 
solution containing soda in excess. The solution 
is digested, filtered, and the precipitate washed 
with sodium sulphide solution. The filtrate is 
acidified with nyilrochloric acid, pota.ssium 
chlorate is added, it is then boiled until free from 
chlorine, ando.xcess of oxalic acid is added. In 
either case hydrogen sulphide is now passed into 
the cold solution for 20 minutes. Then, without 
stopping the current of gas, the solution is heated 
to boiling, and the gas allowetl to pass for another 
15 minutes, fl’he resulting precipitate of sul- 
phide may then be subjected to one of two 
methods of treatment. It may bo collected 
on a (looch crucible, washed with hot dilute 
acetic acid, saturated with hydrogen sulphide, 
and heated to constant weight at 230'* in a 
current of carbon dioxide. Or the precipitate 
may be collected on a filter, washed successively 
with hot water, alcohol, equal parts alcohol 
and carbon disulphide, alcohol, and, finally, 
ether, and then dried. The greater part of the 
precipitate is transferred to a watch-glass, and 
that still adhering to the paper is dissolved in a 
little hot ammoniunl sulphide, and the solution 
allowed to run into a weighed poreeiain cru- 
cible. This is then evaporated to dryness, the 
main portion of the precipitate added, and the 
whole treated with fuming nitric acid and 
warmed, the crucible being covered with a 
watch-glass. When the violent action has sub- 
sided, die contents of the crucible are evaporated 
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to dr 3 mcs 8 , aj^sin treated with nitric acid, and , 
Anally evaporated to dryness and heated to 
redness till the weight is constant. The anti- ! 
mony is then weighed as tetroxido. | 

(6) Volumetric. The most important volu- 1 
metric method is that of Mohr, in which anti- j 
mony tnoxide or any antimonioua compound | 
is dissolved in a solution of tartaric acid, neutra- 
lised with sodium carbonate, treated with a 
cold saturated solution of sodium bicarbonate 
in the proportion of 10 c.c. to each 0*1 gram 
SbjOsi ancf quickly titrated with N/lO-iodine 
solution, using starch as indicator. 

(c) Klectrolytic. Classen and others have 
shown that if antimony sulphide (w.s.) is dis- 
solved in the minimum amount of concen- 
trated solution of sodium sulphide, and treated 
with excess of sodium sulphite, or, better, 
potassium cyanide solution (to destroy poly- 
sulphides), the liquid can be sucflbssfully electro- 
lysed in the cold with a current of 0‘25-O*5 amp., 
using a platinum dish as cathode. The process 
takes about 12 hours, and gives a good coherent 
deposit of metal which can be washed with 
water, alcohol, and ether, and finally dried and 
weighed. 


Propertiea of Antimony. 

Antimony is a lustrous, bluish-white metal, 
which has a coarsely lainmated or granular 
structure, according as it has been slowly or 
quicklv cooled. By partial solidification it 
can be obtained in obtuse rhombohedra, 
approximating to cubes. 

The sp.gr. of tlio metal is (i'72-6'86. It 
melts at 0.30*^° C. (Ifcycock and Neville, Cheni. 
Boo. l^ans. 1895, 180), and bods at about 1600° C. 
in a current of hydrogen. Antimony has a 
hardness of 3-3*5, and is so brittle that it can 
readdy be powdered. It is a bad conductor of 
heat and electricity. 

The most important physical property of 
antimony is that of expanding on solidification, 
a property possessed also by its alloys. At 
tho ordinary temperature it is not acted on by 
the air, but oxidises quickly on melting, and 
burns at a red heat, producing white fumes of 
the trioxido. It is oxidised by nitric acid of 
various strengths, dilute acid producing princi- 
pally the trioxido, and the coiiccntrated acid 
producing the pentoxido (II. Rose, Analyt. 
Choin. 1, 258). Dilute sulphuric and hydro- 
chloric acids are without action on it, but the 
.strong acids produce the sulphate and cliloridc 
respectively. When fused with borax or other 
vitrifying material, it imparts to them a yellow 
colour. 

Antimony combines directly with tho halo- 
gens with evolution of light and heat, and also, 
at a higher temperature, with tho elements of 
the sulphur group, and with phosphorus and 
arsenic. The clement occurs in three modifica- 
tions : (1) the crystalline or ordinary form 
described above ; (2) an amorphous yellow 

modification, soluble in carbon disulphide, which 
is produji^ed by tho action of oxygen on liquid 
stibine at'* — 90"; and (3) the amorphous ex- 
plosive antimony, which is best prepared by the 
action of a weak constant electric current on a 
concentrated acid solution of antimony tri- 
chloride, the stren^h .of current bearing a con- 
stant relation to the surface of deposition, not 


less than ^ grain being depmited per sq. inch 
per hour. Thus produced, it is bright and steel 
like in appearance, with an amorphous frac- 
ture and sp.gr. 5*78. When heated to 200", 
or struck or scratched, it rapidly changes into 
the crystalline form, increasing in density, with 
the production of great heat. Antimony tri- 
chloride is always contained in the metal to the 
extent of 4*8-7 *9 p.c., and is given off when 
the form changes. It is probqble that this 
substance is a solid solution of an antimony 
halogen compound in an allotropic form of 
antimony, and that the explosion consists in the 
rapid transformation of the latter into the stable 
form. The change is accompanied by an evolu- 
tion of heat amounting to 20 cals, per gram. 
Cohen and others (Zeit. physikal. Chem. 1904, 
47, 1 ; 1905, 50, 291 ; 52, 129) have shown 
that this ehango goes on slowly when explosive 
antimony is preserved. 

Antimony is precipitated as a fine powder by 
the action of zme on an acid solution of an 
antimony salt. In this form it is sold as * iron 
black ’ for pfodiieiiig an appearance of polished 
steel on papier mache, plaster of Pans, and zinc 
ornaments. 

Brass can be covered with a fine lustrous 
coating of antimony by dipping in a hot mixture 
of { part tartar emetie, 1 part tartaric acid, 3 or 
4 parts powdered antinumy, 3 or 4 parts hydro- 
chloric acid, and 3 parts water. 

It may be deposited electrolytically on brass 
or copper by using a bath of the double chloride 
of antimony and ammonia acidulated with 
hydrochloric acid. 

Alloys of Antimony. 

Antimony alloys with most of the heavy 
metals and with the alkali metals. It dissolves 
in a solution of sodium xn liquid ammonia. 
It generally increases tho fusibility, brittleness, 
and hardness of the metals with which it is 
alloyed, and iniiiarts the valuable property of 
expanding on solidification, thus producing very 
fine impressions. The sharpest impressions 
are produced when any of these alloys are cast 
at a low temperature (J. Soc. Chem. Ind. 1, 
982). Tho castings are usually made in brass 
moulds coated with lampblack and turpentine. 

With leaf], antimony alloys readily in all 
proportions. An alloy of equal jiarts of lead 
ancf antimony is very brittle, and rings when 
struck. Nasmyth has recommended the addi- 
tion of 6 p.e. antimony to lead for use instead of 
bronze m taking casts of works of art (Athenaeum, 
No. 1176, 511). 

Type metal is essentially an alloy of lead and 
antimony, frequently with addition of tin and 
containing less frequently copper. A few 
examples of common type-metals are. 


Type metal 

Lead Antimony 

Tin 

Copper 

55 

30 

15 

— 

i» • 

70 

18 

10 

2 


77*6 

16 

6*5 


„ 

82 

15 

3 

- 

Stereotype plate 

86-7 

14*3 





82*5 

13 

4*5 


Linotype metal 

84*5 

13-6 

2 


*» i» 

83 

12 

6 

— 


The alloys, containing varying proportions of 
antimony, are also used, under the name of hard 
lead, in lead pipes, for making pumps and taps 
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for raisii^ acid in alkali worka, in the manu- 
facture of shrapnel and shot, and for the emery 
wheels and tools of the lapidary. 

Tin forms numerous useful alloys with anti- 
mony, especially with the addition of other 
metals. Common Britannia metal contains 
tin 94, copper 1, antimony 5. Britannia metal 
for castings : tin 90-6, copper 0*2, antimony 9*2. 
The best Britannia metal contains tin 90, 
antimony 10,. lead and bismuth being carefully 
excluded. Copper also is never added except 
for the production of colour. Increasing the 
proportion of antimony raises the m.p., increases 
the hardness, and decreases the malleability of 
the alloy. Good alloys take a brilliant polish, 
and show a fine-grained, jagged fracture. The 
presence of arsenic in the antimony diminishes 
the ductility of the product. 

Metal argerUum contains tin 85*5, antimony 
14-6. 

Ashbury metal \ tin 77*8, zinc 2*8, antimony 
19*4. Ships’ nails, tin 50, lead 33, antimony 17. 

Mtnofer is tin 08*6, antimony^ 18*2, copper 
3*3, and zinc 10. 

Bearing or anti-friction metal usually contains 
antimony, tin, lead and copper, but the composi- 
tion is very variable. As the name indicates, 
it is used for machinery bearings, being especially 
suitable for light loads at high speeds. As 
examples of these alloys the following may be 
given : — 

Antimony Tin Copper Load 
Babbit’s metal . . 8*3 83*3 8'3 

Railway bearings .15 8 2 76 

„ „ . 13*5 11*6 3 72 

„ „ .10 61 2 37 

U.S.Rly. Babbit metal 7*4 88*9 3*7 — 

German Rlv. Babbit 

metal . .11*1 88*3 6*0 — 

Copper, The presence of 0*16 p.c. of anti- 
mony renders copper both cold and hot short. 
With varying proportions of the two metals, 
shades from pure copper-red to rose-red, enmson, 
and violet may be obtained, the last when equal 
parts of each are present. Two definite com- 
pounds of copper and antimony appear to exist, 
VIZ. SbCuj, a \ iolet alloy known as ‘ Regulus of 
Venus,’ and SbCu4 (Kamensky, Phil. Mag. [5] 
17, 270; V. also Ball, Pliem. Soc. Trans, 1888, 1 67). 

Antimony is sometimes added to brass to 
heighten its colour. These alloys are harder and 
finer in texture than copper or brass, and take a 
better polish, and are sometimes used for con- 
cave mirrors. 

Zinc. Antimony forms ailoys with zinc, 
which decompose water rapidly at the boiling 
temperature, and this action is promoted by the 
resence of traces of platinic chloride. Cooke 
as suggested the suitability of this reaction 
for the preparation of pure hydrogen. 

Melted gold absorbs the vapour of antimony, 
but gives it up almost entirely on further heating. 
Gold loses its malleability when jJU of antimony 
is present. An alloy of 9 gold and 1 antimony 
is white and very brittle, with an amorphous 
porcelain -like fracture. Silver antimonide occurs 
as the mineral discraaite, C. 0. B. 

Compounds op Antimony. 

The principal compounds of antimony are 
formed by combination with oxygon, sulphur, 
and chlorine ; some compounds contain two of 


these n^ative elements, of which the oxychloride 
or powder of AlganAh, and the oxysulphide or 
glaaa of antimony are examples. 

The most important of these are the tri- 
chloride, trisulphide, and trioxide. 

Antimony trisulphlde Sb^Sa- 

Crude ontimony, antimony ore, aeequiavl- 
phide of antimony ; Schuefehpieaaglam ; Orau- 
Spieaaglanzerz ; Stibium aulphuratum nigrum ; 
lupua metallorum. 

This substance, as it occurs naturally, or after 
liquation, is usually too impure to be employed 
for other purposes than the preparation of the 
metal. 

The ordinary sulphide may be prepared by 
the following methods ; — 

(1) Thirteen parts pure antimony are mixed 
with 6 parts flow'ers of sulphur, and projected in 
portions into ^ rod-hot crucible ; when com- 
pletely fused, it is poured out and any free metal 
detached. 

(2) Sulphuretted hydrogen precipitates it as 
an orange precipitate from a solution of an 
antimony salt. 

(3) Digest for two hours in a closed vessel 

I part crude antimony sulphide, 1 part pearl 
ash, 1^ parts lime, and 15 parts water, and add 
sulphuric acid ; the alkaline sulpho- salt first 
fornicd is decomposed by the acid with the pre- 
cipitation of the pure sulphide. Antimony sul- 
phide is soluble in alkaline sulphides and in 
acid potassium sulphate. When finely powdered 
and rubbed to a paste at 20® or 30® with strong 
sodium sulphide solution, a coppery metallic 
mass is produced, and the liquor, on addition of 
more sodium sulphide, yields Bchlippe’s salt. 

The sulphide is used to some extent in re- 
fining gold from silver and copper, and in the 
preparation of safety matches and percussion 
pellets for cartridges, in pyrotcchny and in 
veterinary surgery. 

Kermes mineral. Broum-red antimony aul- 
phide. Pulvia Carthuaianorum. Sulph. attbia- 
turn ruhrum, 

Kermes mineral usually consists of a mixture 
of the trisulphide and trioxide containing alkali. 
Berzelius and Rose state that some samples 
examined by them consisted of a true double 
sulphide of potash and aniimony. 

Preparation, — Fuchs asserts that if antimony 
sulphide is heated and auddenly cooled in water 
it yields an orange-rod, less dense powder of 
kermes. A. Ditto (Compt. rend. 102, 212) docs 
not confirm this statement. 

(1) Four parts pure potassium carbonate and 

II parts pure antimony sulphide are heated to 
fusion in a covered crucible, cooled, boiled with 
water, and filtered. The solution on exposure 
to the air deposits kqrmes, the residue from the 
first boiling is heated with the mother liquor 
from some previously deposited kermes, and 
yields a further quantity ; this operation is re- 
peated until an insoluble residue of trisulphide 
and trioxide is left. Each successive dex}08it of 
the kermes contains a larger amount of the oxide. 

(2) Fuse together 2 parts antimony,-! sulphur, 
and 3 sodium carbonate; or; 1 antimony 
sulphide and 3 or 4 tartaric acid, until fumes 
cease to be evolved ; and treat the product as 
in(l). 

(3) The slags from the reduction of antimony 
ore with cream of tartar slowly precipitate 
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kermes wlian treated with water ; this is sold to 
veterinary' surgeons as * kermes by the dry way.* 
When antimony sulphide is boiled with potash 
and precipitated with an acid, the kermes pro* 
dnoed contains no oxide (Liebig), llie kermes 
produced by the action of dilute alkaline car* 
Donate on antimony sulphide also contains no 
oxide (Rose). The oxide may be removed from 
ordinary kermes by digestion with tartaric acid. 
A solution containing so much alkali as to give 
no precipitate on cooling gives, when treated 
with carbonic acid gas, a highly siilphii rated 
kermes containing antimony pentasulphide. 

Kermes is a brown-rod, loosely coherent 
powder, with a brown streak, containing water, 
which is given off below 100**. It is lighter 
than the ordinary sulphide. I’he kermes con- 
taining antimony oxide, when fused and solidi* 
fiod, is destitute of crystalline structure, while 
that free from oxide produces a highly crystalline 
solid. 

Antimony pentasulphide Sb^Ss. QoUen auI 
phtde of antimony ; sulphur antimonii nuratum. 

Prepared by boiling thetrisulphidc with potash 
and ground sulphur, filtering and precipitating 
with acid. Reilwood recommends 4 parts black 
antimony sulphide, 8 lime, and 80 water, 
digested, filtered, and precipitated with hydro^ 
chloric acid ; or, 2 sulphide, 4 potassium car 
bonate, and 1 sulphur, to bo fused, treated with 
20 parts water, filtered, and the solution pre- 
cipitated with a largo excess of sulphuric ncid. 

On treating the mother liquor from kermes 
mineral with an acid, the pentasulphide is pre- 
cipitated with evolution of sulphuretted hydro- 
gen. The mother liquor from Schlippo’s salt 
also yields this substance on the addition of an 
acid (R. Bartley, Chem. Soo. Trans. 1876, 1, 
748). It generally contains free sulphur. 

Antimony pentasulphide is of some import- 
ance commercially, ns it is used in the process of 
vulcanising rubber. 

Antimony pentasulphide combines with alka- 
line sulphides, forming sulphantirnonates, uhich 
as well as the sulphantimonites (which contain 
less sulphur) are known as * livers of antimony.* 
Of those the sodium sulphantimonate, or 
Schlippe*8 salt, is the most important. 

A mixture of 11 parts finely powdered anti- 
mony trisulphido, 13 crystallised sodium car- 
bonate, 1 flowers of sulphur, 6 recently slaked 
lime, and 20 w'ator, is digested at the ordinary 
temperature, for 24 hours with frequent 
stirring, in a vessel which can bo closed. It is 
then strained and washed several times with 
water, the solution and washings are ovaiiorated 
in a porcelain or clean iron dish until a sample 
yields crystals on cooling ; the solution is then 
cooled, and the resultant crystals washed with 
cold water and dried in the open air or in a 
desiccator at the ordinary temperature. The 
salt is more rapidly formed when the mixture is 
heated (Liebig, Handworter. d. Chem. 2te Aufl. 
2, 139 ; also Cm. 4, 384). 

Oxysulphides of antimony are formed by the 
oombinUtion of the sulphides and oxides or by 
the partial o.xidation of the sulphides. 

ArUimony crocus or saffron. Fuse together 
3 p,rtB of antimony trioxide and 1 part trisul- 
phide, or fuse the oxide with the calculated 
quantity of sulphur. 

The scoria from the fusion of the sulphide 


with carbon and alkaline carbonate in the pre- 
paration of the metal is known as crocus of 
antimony. 

Crocus of antimony is a brownish -yellow 

Glass of antimony. Vitrum antimonii. When 
antimony sulphide is fused until the necessary 
amount of sulphide has been converted into 
oxide, the whole forms a glassy mass of this 
compound. The best method of preparation is 
to roast the sulphide completely into oxide and 
fuse the product with ^ part of sulphur. Its 
colour varies with the proportion of sulphur 

C resent from ycllowish-rea to hyacinth red. The 
cst quality is of a fine red colour, and con- 
, tains 8 antimonious oxide and 1 antimonious 
> sulphide 

Antimony cinnabar is an oxysul phide of a 
fine vermilion colour, soft and velvety, and un- 
altered by air or light ; it is used in the prepara- 
tion of oil and water colours, and in calico-print- 
ing. It is prepared by dissolving antimony 
oxide in hydroehloric acid, and placing the solu- 
tion in a large wooden tub which is | filled 
[ with calcium hyposulphite. The mixture is 
i stirred and heaterf with steam to 70®, the pre- 
cipitate soon subsiiles as a yellowish sediment 
which changes to a bright orangc-red, and is 
thoroughly washed, and dried below 60®. N. 
Teck (Chem. Zentr. 26, 1880) prepared it from 
4 parts tartar emetic, 3 tartaric acid, 18 water 
. mixed at 60® with hypo.sulphito of soda and 
heated to 90® (Wagner), or 4 volumes antimonious 
' chloride of sp.gr. 1-19 mixed with 10 vols. water 
’ and 10 vols. hyposulphite of 1*19 sp.gr., and 
heated |B;raduallv to 66® (Mattieu Blossy). 

A ntimony yellow {Minm4e*8 yellow). Accord- 
ing to the method of MdrimeJo, a mixture of 3 
parts bismuth, 24 parts antimony sulphide, and 
, 64 parts nitre, is thrown little by little into 
a heated crucible, fused, powdered, washed, and 
dried. In this w'ay bismuth antimonate is pro- 
duced. Of this 1 part is mixed with 8 parts 
ammonium chloride and 128 parts litharge, and 
fused as before. The time occupied and the 
temperature used cause considerable variations 
in the colour. Mdrimde*s yellow is a fine per- 
manent colour of good body. It is only used 
for the finest painting. 

Naples yellow is essentially an antimonate 
of load containing excess of lead oxide, but 
mixtures of carbonate and chromate of lead are 
also sold under the name. Many processes may 
bo used for its preparation. According to 
Brunner, a mixture of 1 part tartar emetic, 2 
parts lead nitrate, and 4 parts sodium chloride is 
heated, just to fusion, for 2 hours. The cooled 
mass is placed in water and soon falls to pieces. 

1 According to Guimet, it may be produced by 
' heating a mixture of 1 part potassium antimo- 
' nate and 2 parts red load. It is a fine very 
I permanent orange or yellow pigment, used in 
I oil-painting, and, mixed usually with a lead glass, 
I for glass and porcelain staining. 

I Antimony trichloride (Buffer of antimmy). 

Prepared by dissolving the sulphide in strong 
hydrochloric acid with a .small quantity ot nitrio 
acid and evgiporating to dryness. 

To prepare the pure chloride, the acid solu- 
tion is evaporated until it just crystallises on 
standing in a cool place ; it is then transferred 
to a retort and distilled until a drop of the dis- 
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tUlate solidifies on a cold surface ; the receiver 
is then changed, and the further distillate is 
pure. 

It is a white, buttery, semivitreous, delique- 
scent solid. When pure, it is crystaliine, and 
melts sharply at 73 ■2*, and boils at 223 -S* 
(Beckmann, Zeitsch. anorg. Chem. 1906, 51, 96). 
It is used as a caustic in medicine, for the pre- 
paration of tartar emetic, and as a * bronzing 
solution* for gun-barrels, &c. For this pur- 
pose* a saturated solution is mixed with olive oil, 
rubbed over the warmed metal and exposed to 
the air until the proper colour is produced. 
When bronzed, the metal is polished \\ith a 
burnisher or with wax, or coated with a varnish 
of 2 oz. shellac, 3 drachms dragon’s blood, dis- 
solved in 2 quai^ of methylated spirit. 

Antimony oxychloride. Basic chloride^ 
powder of Algaroth ; pulvia Algarothi ; 8. 

Argelicua ; tnercurius vita, dec. 

Water is added to a solution of the trichlor- 
ide until it is distinctly turbid, when it is filtered 
(the precipitate carries down any traces of sul- 
phuretted hydrogen which may be present, and 
which if left would soon turn the substance 
yellow). Five to ten volumes of water are added, 
and the precipitate is washed with cold water 
and filtered. Its composition varies with the 
temperature at which it is produced and the 
amount of water used, varying between SbOCl 
and, where a very large amount of water has 
been used, Sb^Oa* It is a white powder, and is ' 
principally used for the preparation of pure ' 
antimonious oxide and tartar emetic. j 

Antlmonlous oxide Sb40.. Trioxide of anti* 
many. If antimony is powdered and heated in ' 
a shallow dish, it eventually forms antimony | 
tetroxide SbjjOa ; this, together with the un- 1 
changed metal, is fused in a crucible, when 
the tetroxide and antimony react, forming anti- 
monious oxide, the excess of antimony sinking 
to the bottom of the crucible. I 

For pharmaceutical purposes 20 parts of finely 
powdered antimony sulphide are gradually added | 
to 100 parts hydrochloric acid containing 1 part | 
nitric acid, and heated, gently at first, and ! 
then more strongly, until sulphurottcd hydrogen 
ceases to be evolved. It is the \ boiled for an 
hour, enough water is added to produce a slight 
precipitate, which removes the last traces of sul- 
phuretted hydrogen, and filtered into a vessel 
containing 1 galmn of water, precipitating the 
oxychloride, which is filtered and washed until 
it ceases to have an acid reaction ; it has then 
become converted into the trioxide. 

It is a white fusible solid, slightly soluble 
in water, volatile at a red heat. It becomes 
further oxidised to the tetroxide 6b204 on 
heating in air, and is then non-volatile. 

In presence of alkalis it absorbs oxygen ; j 
for this reason it has been proposed to use it for 
reducing nitrobenzene to aniline, and in the 
aration of aniline red. 

t is used for the preparation of tartar emetic. 
When ground with linseed oil it is sometimes 
used as a substitute for white lead, being less 
injurious to the workmen and less acted upon by 
sulphur gases ; it has, however, less * body * and 
is morO expensive. 

Tartar emetic. Potassium antimony tartrate. 
Tartarus Hibiatus. Brechtoeinstein ; spiessglanz- 
Weinstein. 2C4H4E(Sb0)04,H,0. Throe parts 


antimonious oxide and 4 cream of tartar are 
made into a thin paste with water and digubicd 
for about half an hour, keeping the water at 
constant volume ; 8 parts of water are then 
added, boiled, and filtered whilst hot. The 
oxychloride or oxysulphide may be substituted 
for the oxide, but not bO satisfactorily. 

Tartar emetic forms octahedral crystals, 
which give off a part of their water on exposure 
to the air. They dissolve in 14*5 parts cold and 
in 1*9 parts boiling water. They show an acid 
reaction with litmus, and have a nauseous 
metallio taste, 5-10 oentigrams causing vomiting, 
and larger quantities being very poisonous. 

It is used in medicine and in the preparation 
of pomades, &o., and also largely as a mordant 
in dyeing and calico-printing. Mixtures of 
tartar emetic for mordanting arc sold containing 
as much as 33-59 p.c. zinc sulphate at a lower 
price, under the names tartar emetic powder, 
tartar emetic svbutitute, antimony mordant, &o. 
It is known that zinc acetate may partly replace 
the tartar emetic with advantage, but the 
sulphate appears to bo a simple adulterant (H. 
Smid, Chem. Zeit. 1882, 949). 

Several other compounds of antimony have 
been proposed for mordants instead of tartar 
emetic. Pj. Jacquet (Dingl. poly. J. 257, 168) 
advised the use of a mixture of basic antiriiony 
oxalate with twice its weight of ammonium 
oxalate. Nolting recommended tho double 
oxalate of potash or of ammonia and antimony 
(Dingl. poly. J. [3] 255, 122). It is stated that 
the latter compounds have long been used under 
other names. 

The use of the fluoride (which is not pre- 
cipitated with excess of water) and tho double 
fluorides of antimony and tho alkalis has been 
patented by S. MT.ican. Watson, jun., patented 
a procc‘Ks for using trichloride with sufficient 
common salt to prevent tho precipitation of the 
oxychloride (G. Watson, J. Soc. Chem. Ind. 
1886, 5, 591 ; B. W. Gerland, J. Soc. Chem. Ind. 
1884, 4, 643 ; and Kopp and Bruiire, J. Soc. 
Chem. Ind. 1888, 566). A double salt of anti- 
mony fluoride and ammonium sulphato SbF^ 
(NH4)2S0^., 'known as ‘antimony salts,’ is also 
uBod in dyeing, but as it attacks glass as well as 
metal, it should be stored and worked in wooden 
I vessels. A good bath is 190 litres water, 400 
' grams antimony salts, 200 grams soda crystals, 
at a temperature of 50° (Frey, Bull. Soc. Md. 
Mulhouse, 1888, 301). • 

Tartar emetic as a mordant has, at the 
resent time, been largely superseded by the 
ouble oxalate of potassium and antimony, as 
it is cheaper than the tartrate, and equally 
efiicicnt, although it contains less antimony. 

F. During has recommended tho use of 
the double lactate of antimony and (calcium, 
winch can readily be obtained by mixing, 
in the dry state or in solution, alkali lactates 
with ‘ antimony salts,’ or other antimonious 
compounds (Farber, Zeit. [20] 319). He states 
that at least 80 p.c. of the antimony in tho 
solution will actually go into the cloth as 
mordant. 

ANTIMONY SALTS. A compound of anti- 
mony fluoride with ammonium sulphate used as 
a mordant (v. Antimony). 

ANTINONIN. Trade name for a solution 
of potassium o-dinitrooresol used as a fungicide. 
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ANTIPERIOSTIN. Trade name for mercury 
iodo canth aridate. 

AHTIFYONINUM. Trade, name for sodium 
tetra bora te. 

AMTIPYRIN. PhenyUimethylpyrazohne (r. 
Pyrazot.is). 

ANTIRRHINIC ACID v. Dioitaus. 

ANTISEPTICS V . J>isinfbctants. 

ANTISEPTINE. Said to be a mixture of 
zinc iodide, zinc sulphate, boric acid, and thymol. 

ANTISEPTOL. Cinchonidine iodosulphate, 
used as a substitute for iodoform. 

ANTISPASMIN, Trade name for a com- 
bination of narceine and sodium salicylate. 
Used as a narcotic and sedative. 

ANTITHERMIN. Phenylhydrazone of Icpvu- 
linic acid CH,-C(N,H O,H8)-CH, CHj, CO,H is 
obtained by dissolving phenylhydrazino in dilute 
acetic acid, adding an aqueous solution of the 
equivalent quantity of Ifcvulinic (acetopropionic) 
acid, and crystallising the resulting yellow pre- 
cipitate from alcohcd (Farbw. vorm. Meister, 
Lucius & Briining in libchst a. M , G. 11. P. Pat. 
37737). 

It forms colourless, inodorous, and tasteless 
scales, melts at 98^-99°, is sparingly soluble in 
cold water, soluble in alcohol, ether, or dilute 
acids. It has been employed as an antipyretic 
(Nicot, Chem. Zentr. 1887, 416) ; but, according 
to Stark (Chom. and Drug, 32, 661), its use in 
medicine is now almost abandoned, as it is too 
toxic for use. 

ANTIVENIN v. Snake Venom. 

ANTOZONE. A sup posed third modification 
of oxygen, assumed to be present in the fogs 
produced when ozon(' acts on reducing agents 
such as sodium bisulphite or hydnodic acid. 
According to Rothmund (Z. Eloktrochem. 1917, 
23, 170), the phenomenon is duo to the volatile 
charactw of the reducing agent and to be directly 
caused by thoprosenoo of thc^o substances in the 
vapour phase. 

ANTWERP BROWN v. Pigments. 

ANVULA V . Amlaki. 

AOODIBALSAM. Balsam of Mecca (v. 
Olsoresins). 

APATITE. A crystallised mineral, consist- 
ing of calcium phosphate in combination with 
fluorine, chlorine, hydroxyl, or carbonic acid, 
the formula being (CaF)Ca4(P04)3 or 3(^a3(P04)j 
4-GaF,, where F may be replaced by Cl, OH, or 
C^Og. There are thus several chemical varieties, 
namely, fluqf-apatite, chlor-apatite, hydroxy- 
apatite, carb- apatite, and oxy-apatite ; the last 
two being also called podolite (V. Chirvinsky, | 
1907), and voolckento (A. F. Rogers, 1912) 
respectively. On the composition of these 
several members of the apatite group, see papers 
by A. P. Rogers (1014) and W. T. Schaller (1912). 
Similarly, by partial replacement of the calcium, 
there are the chemical varieties mangan-apatite, 
cupro-apatite, and talc-apatite. In addition to 
these, some other trivial names are applied to 
varieties of crystallised apatite ; for example, 
asparagus-stone, from Murica in Spain ; moro- 
xite, frdhr Arendal in Norway ; and francolite, 
from Wheal Franco, near Tavistock in Devon- 
shire. The distinction between fluor-apatite 
and ohlor-apatite is, however, the on^ one of 
any importwoe. (For the varieties of massive 
apatite, v. Phosphobitr.) 

Apatite is often found as well-developed 


crystals. These belong to the hexagonal 
system, and are usually oounded by a six-dded 
prism and pyramid witn the basal plane, though 
sometimes numerous other brilliant facets are 
present. The colour is commonly greenish or 
brownish, but sometimes sky-blue, violet, or 
colourless. The crystab may be transparent or 
opaque, and they have a vitreous to sub-resinous 
lustre. 8p.gr. 3*2 ; hardness 5 (the mineral can 
be scratched with a knife). Owing to its 
variable appearance, apatite is frequently- mis- 
taken for other minerus, and it well deserves 
its name, from attanka, * to deceive.’ . In 
determining the mineral, it is always well to test 
for phosphoric acid. 

As microscopic crystals, apatite is present as 
an accessory constituent of igneous rocks of all 
kinds. It also occurs in metamorphic rocks and 
in metalliferous veins. Fine specimens are 
found at many localities, but only in two 
regions — in Norway and Canada — is crystallised 
apatite mined for commercial purposes. In 
southern Norway, particularly in the neighbour- 
hood of Kragero and Oedegaarden, near Bamlo, 
extensive deposits of chlor-apatito occur in 
connection with ^abbro (a pyroxene-felspar rock 
of igneous origin). Large deposits of fluor- 
apatite arc mined in Ottawa Co., Quebec, and 
in Renfrew Co., Ontario ; here the mineral forms 
beds in Laurentian gneiss, usually in association 
with crystalline limestone. In the iron mines 
at Mineville, in Essex Co., Now York, small 
grains of apatite occur disseminated in magnetite, 
sometimes to the extent of 6 p.o. of the mass. 
Hero it is separated by a magnetic process, and 
used for the manufacture of fertilizers. 

On the Norwegian deposits, sec J. H. L. 
Vogt, Die Apatit-Ganggruppe, Zeits. prakt. 
Geol. 1896, in, 367, 444, 465. On the Canadian 
deposits, the various publications of the Canadian 
Geological Survey. Sec, also O. Stutzer, Die 
wiohtigsten Lagerstatten der ‘ Nicht-Erze,’ 
BerUn, 1911, i. L. J. S. 

APERITOL. A mixture of equal parts of 
valorianyl and acetylphenolphtbalein, used as a 
laxative. 

APHTHITALITE. Native sulphate of po- 
tassium and sodium, (K,Na)2S04, containing 
K : Na in ratios varying from 3 : 1 to 4 : 3. It 
occurs sparingly as crusts and delicate platy 
crystallisations on Vesuvian lava; these are 
colourless, or often tinged with blue or green. 
The crystals are rhombohcdral and optically 
uniaxial, although often simulating ortho- 
rhombic forms ; and are dimorphous with the 
usual ortliorhombic modification of potassium 
sulphate obtained artificially. The same mineral 
has been found at Rocalmuto, Sicily, and in the 
potash-salt deposits at Douglashall, near 
Westeregcln, in Prussia. Synonyms are arcanite 
and glascrito. L. J. S. 

APHTHITE. An alloy containing 890 parts 
of copper, 25 of platinum, 10 of tungsten, and 
170 ox gold (Zeits. f. d. C. Grossgew. 4, 313). 

APIGENIN V. Flavoke. 

APIIN. A glucoside contained in parsley and 
celery, forming on hydrolysis apiyenin and a 
disacoharide, made up of a-glucose and a pentose, 
apiose (Vongerichten, Annalen, 1901, 121), (v. 
Flavonb and Gluoosides). 

APIOL V. Essbntul. 

APIOSE u. Carbohydrates, 
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AFIOS TUBEROSA (Moonch.), Glycine 
apioa (Linn.). A leguminous plant from 
North America, the roots of which have been 
proposed as a substitute for the potato, and the 
young seeds for peas. Payen (Compt. rend. 28, 
180) gives the following analysis of the root: 
Nitrogenous matters, 4*6; fatty matters, 0*8; 
starch, sugar, Ac., 33*65; cellulose, Ac., 1*3; 
inorganic, 2*25 ; water, 67*8 (nf. Bnghetti, Chem. 
Zentr. 1900, i. 914). 

APIUM V. Oils, Essential. 

APIUM PETROSEUNUM (Carum petro- 
seMnum) v. Fi^avone. 

APOCYNUM v. Diqitaus. 

APOLLO RED v Azo- coi^ottrino matters. 

APOLYSIN. Trade name for monoplieneti- 
dine citrate : antipyretic and analgesic. 

APOMORPHINE v. Opium. 

APONAL. Trade name for amy carba> 
mate. 

APOPHOROMETER, THE (Sublimation 
apparatus). The apophorometer consists essen- 



tially of a ribbon of thin platinum, about 
0 cm. long and 4 or 6 mm. wide, stretched 
between two forceps. A, B, provided with 
binding screws so that an electric current can 
be sent through the platinum. One of the 
forceps is movable, and is acted upon bv a 
light spring so as to keep the ribbon stretched. 
Beneath the ribbon is a watch-glass, C, held on a 
support which can be raised or lowered or turned 
to one side. From 6 to 30 mgrms. of the sub- 
stance under examination are spread on the 
ribbon, the watch-glass is moved upwards into 
contact with the ribbon and then a second 
inverted watch-glass, D, is placed over the first 
one as a cover. A current is now passed through 
the ribbon and gradually increased until the 
sublimation temperature is attained. The 
temperature can be estimated with fair accuracy 
by means of an amperemeter. The whole 
apparatus may be placed under a bell- jar, if it 
be desired to work tn vneud or in an atmosphere 
of an inert gas. W hen necessary strips of thicker 
platinum or moulded strips of carbon may be 
used instead of the thin platinum ribbon. 
Sublimation experiments with this apparatus 
may with advant^e be used instead oi blow- 
pipe tests for the identification of minerals, and 
details of experiments made with various 
minerals are given (Joly, Phil. Mag. 1913, 25. 
301 : J. Soo. Chem. Ind. 1913, 32, 609). 

APOPHYLLITE v. Calcium. 


APOREINE, A poisonous alkaloid found in 
the juice of Papaver dMum, m.p. 88°-80^. 
Forms or>^talline .salts, giving a bluish fluor- 
escence in solution. The hydrochloride 

CisH,eNO„HCl, 

forms silveiy nacreous scales, subliming without 
decomposition in dry carbon dioxide between 
220° and 240°. The neutral (normal) sulphate 
melts at 70°-76°, and when exposed to air and 
light, decomposes, forming a reddish-brown 
powder (Pavesi, (Jazz. chim. ital. 1914, 44, 
398). 

APORETIN V. Rhubarp. 

APOTHESINE. Trade name for the cinnamic 
ester of diethyl amino propyl alcohol. Used as 
a local anscsthetic. V. An.ksthetics. 

APOTURMERIC ACID i\ Turmeric. 

APPALLAGIN. Trade name for a mercury 
compound of tetraiodophenolphthahon. 

APPERTOL. Trade name for a preparation 
of sodium bisulphite. Used as a preservative 
and disinfectant. 

APPLE. The fruit of 'Pyrus Maine (Linn.). 
Many varieties are known, diflering greatly in 
size, shape, colour, and flavour. 

, The solid matter of apples consists largely of 
sugars — laQVuloso, sucrose and dextrose ; their 
acidity is due to malic acid C 2 H| 0 (COOH)j|. 
In unripe apples starch is present — sometimes 
to the extent of 4 or 5 p.o., but the fully ripened 
fruit is devoid of staren. Cellulose forms about 
1 p.o. of the weight of the ripe fruit, pentosans 
about 0*6 p.c., and pectose matters also about 
0*6 p.o. (c/. Schneider, Analyst, 1912, 492). 
Mineral matter is usually between 0*2 and 0*3 p.c., 
and aiiout half of this is potash. Apple peel 
contains small quantities of waxes, similar to 
bees-wax. 

The following analyses of American Baldwin 
apples show the changes which occur during 
ripening : — 



Very 

green 

Green 

lUpe 

Over- 

ripe 

Water 

81-33 

79-81 

80-36 

80-30 

Solids 

18-67 

20-19 

19-64 

10-70 

Reducing sugars . 

6-40 

6-46 

7-70 

8-81 

Cane'sugar . 

1-63 

4-05 

6-81 

5*26 

Starch 

4-14 

3-67 

0-17 

none 

Free malic acid . 

1-14 



0-66 

0-48 

Ash . 

0-27 

— 

0-27 

0-28 


Hotter (Chem. Zentr. 1900, ii. 484) gives the 
following analysis of apple ash : — 



CJertain varieties of apples — ^particularly 
those used for cider-making — are rich in tannin, 
and, when the ceils are broken, e.y. by cutting 
the aj^le or by a bruise, so as to admit air, a 
browning takes place — probably by the action 
of an oxydase upon the tannin. 

Otto (Bied. Zentr. 1901, ii. 663 ; 1002, 

31, 107) found that the percentage of water 
mcreases during ripening on the tree, but di- 
minishes on storing, that the starch diminishes 
and finally disappears, while the cellulose 
remains constant. The nitrogen increases during 
ripening on the tree, but afterwards diminishes. 
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The acidity diminishos during ripening, both 
before and after gathering. 

The following figures relate to South-Alncan 
apjples (Ingle). The fiesh and rind of the ripe 
fruit, the core and pips being rejected, con- 
tain^ ; — 


Variety 

Koo 

Rei- 

iictte 

de 

(Canada 

Nor- 

thern 

spy 

1 

Vers- 

feld 

Lord 

Wolse- 

ley 

Water . 

86*08 

_ 

82*64 

87*66 

84*41 

Dry matter 

14*92 

— 

17*30 

12*36 

16*69 

Ask 

0*313 

— 

0-262 

0*270 

0*208 

Acidity (as 

malic acid) . 

0*47 

0*65 

0*48 

0*71 

0*47 

Reducing sugars 

7*44 

6*87 

10*20 

9*43 

10-86 

Cano sugar 

4*03 

3*08 

4*77 

1*36 

1*68 

Nitrogen 

0*040 

0*094 

0*068 

0*067 

0*043 

Crude fibre 

1*33 

1*24 

1*20 

— 

0 88 

Poroent. inash: 
Potash 

64*48 


[48*i52 

53 .30 

61*58 

Lime . 

2*03 

— 

1*95 

1*82 

! 2*70 

Silica . 

1*61 

— 

1 58 

1*25 

! 0*90 

Phosphorus 

pentoxido. 

11*16 


12*10 

8*09 

12*16 

Sulphur tri- 
oxide 

2*40 


2*07 

3*13 

3*10 

Chlorine 

0*50 

— 

0*89 

1*02 

1*00 


The proportions of lime found in these apples | 
are apparently lower than those usually found 
in American apples, while the figures for phos* 
phorus pentoxiue and chlorine are higher. ' 

Under normal conditions, the starch present ' 
in unripe apples is converted, during ripening, 
into sugar by the diastase present, but if the 
unripe apples be bruised, this change is incom- 
plete in the bruised portion, and starch may be 
found in the browned tissues. According to 
Waroollior (Compt. rend. 1906, 141, 406), this^ 
is due to the paralysing effect u[)on the diastase 
of the tannin which escapes from tlie bruised 
colls (and which, by the action of an oxydase, 
gives rise to the browning), thus preventing the 
saccharification of the starch, upon which 
normal ripoiung depends. 

Accorchng to Eoff (J. Ind. Eng. Chom. 1917, 
9, 687), the preponderant sugar, in all the twenty 
varieties examined, was la‘Vuloso. This con- 
firms the observations of Thompson and 
Whittier (Bull. 102, 1913, Delaware Coll. Agric. 
Expt. Stat.), and of Browne (A. 1902, ii. 
371). 

Apples arc now dri d by artificial heat (with 
or without the use of sulphur dioxide, which 
improves the colour), and sold, either as whole 
fruit or as ‘ apple rings.’ Fresh apples yield 
about ono-seventh of their weight of the dried 
product. Zinc is freipiontly found in dried 
apples, probably from contact with zinc trays 
during the drying process. As much as 0’58 
gram Zn per kilogram has been found in Ameri- 
can driccl apples. American analyses give as 
the ave^^o components of dried apples : 36 p.c. 
water, 1*4 p.o. protem, 3*0 p.c. ether extract, 
67*6 p.G. carbohydrates, and 1*8 p.c. ash. The 
flavour, and particularly the odour, of apples 
can be imitated by tso-amyl-iVto- valerate dissolved 
in spirits of wine. This constitutes the ‘ essence 


of apples’ used in confectionery and per- 
fumery. 

H. L 

APPLES, ESSENCE OF, v. Apples. 

APPLE-PULP (pomace) forms a by-product 
of cider manufacture, and has the flawing 
composition (8 samples) : Water (p.o.) 68*4-781 
fat (other extract), 0*82-1*43; protein, 1*03- 
1*82; crude fibre, 4*42-10*6; aw, 0*66-2*27; 
carbohydrates (sugar, &o.), 9*6-22*0. Most 
stock eat it readily, and it is a satisfactory 
feeding stuff if given as an adjunct to more 
concentrated foods. It must be given fresh, 
for it undergoes fermentation and putrefaction 
so rapidly as to be unfit for consu mp tion in two 
or three days in warm weather, li^en dried it 
may be used in the manufacture of compound 
cakes and poultry feeds. If mixed with salt 
it may be preserved if tightly pressed in a silo. 
It usually contains from 0*2-0 *6 p.c. of potash, 
0*4 to 0*7 p.c. phosphoric acid, anci 1*6 to 1*7 p.c. 
nitrogen, and makes an excellent manure, if 
I mixed with half its weight of lime to neutralise 
acids (Barker and Gimingham, Journal of tho 
Board of Agriculture, 1916, 22, 861). See 

ClDEB. 

APPLE TREE. {Pyrua malua, L. ; Pomme, 
BV. ; Apfelt Ger.) The wood is much used in 
turnery, and that of the crab tree is used by 
millwrights for tho teeth of mortice wheels. 
The bark contains a tannin identical with that 
contained in horse-chestnut bark. 

APRICOT. The fruit of Prunua armeniaca 
(Linn.). 

Tho following analyses wore made by 
Freseflius : — 




1. 

II. 


Medium 

Laige 



Mize 

wt. 6U grams 

Sugars . , 

1*14 

1*63 

( Free acid 

0*90 

0*77 

Soluble) Nitrogenous matter. 

0*83 

0*39 

I Pectins, gum, &c. 

5*93 

9 28 

lAsh 

0*82 

0*76 

Total soluble matter 

9 62 12*72 


rSeed.^t (stone) 

4 30 

3*22 

Insoluble. 

1 Skin and cellulose 

1 Pectoso 

0*97 

0*15 

0*94 

1*00 


[Ash . 

(0*07) 

(0*10) 


Total insoluble matter, ex- j ^.^2 616 

eluding ash . . j 

Water .... 84*90 82 12 


100 00 100*00 


In Californian-grown apricots, Colby (Exp. 
Stat. Record, 1893, 4, 918) found in the whole 
fresh fruit, water, 85*16 ; dry matter, 14*84 ; 
containing nitrogen, 0*194; sugar, 11*10; ash, 
0*49. 

'I'he ash was found to contain : 


KaO N»aO CaO MgO MnOa PaO, 
69*30 10*20 3*17 3*08 0*37 13*09 


SO 9 
3 03 


SIO2 

6*23 


Cl FejOs 
0*45 1*08 


Californian apricots appear to contain more 
nitrogen than tho European fruit. As many 
other analyses agree in giving about 11 p.o. of 
sugar, it is probable that some error has been 
made in Fresenius* figures, though they have 
been widely quoted. 

The sugar is chiefly sucrose, with a little 
dextrose, and invert sugar, which becomes less 
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when the fruit ripens (Besmouli^re, Ann. Chim. 
anal. 1902, 7, 323). The colouring matter is 
probably related to carotin. 

The acidity of apricots is chiefly due to malic 
and citric acids. 

The kernels of apricot ^ pits,* or stones, like 
those of the other members of the Prunus 
family, contain amygdaVin and about 40 p.c. of 
a fatty oil resembling almond oil. This oil 
has a 8p.gr. of 0*9204 at 16*6*, a pale-yellow colour, 
and a slight odour of almonds (Maben, Pharm. J. 
Trans. [3] IC, 797). More recent determinations 
give the following (Dieterich, Chem. Zentr. 1902, 
2 [15], 943) : sp.gr. at 15®C. 0-916-O-921, at 90* 
0*9010-0*9016; solidifying point, —14® to —20°; 
saponification value, 193*1-215*1 ; iodine value 
(Hiibl), 100-108*7 ; refractometer value at 26®, 
65*6-67*0 ; at 40®, 68*0 ; at 60®, 62*25. It can be 
distinguished from almond oil by Biber’s reagent 
(fuming nitric acid, sulphuric acid and water), 
with umich it gives a red colour, while almond 
oil only yields a faint yellow. 

The flavour of apricots can be imitated by 
a mixture of ifioamyl butyrate and t^oamyl 
alcohol. 

Dried apricots are prepared either by sun- 
drying or by artificial heat, sulphur dioxide 
being often employed in the latter case, in order 
to prevent darkening in colour. They are largely 
used in America and in some of the colonics. 
American analyses show them to contain about 
32 p.c. of water, 63 p.c. of carbohydrates, 2*9 p.c. 
of nitrogenous matter, and 1*4 p.c. of ash. 

H. I. 

APRICOT, ESSENCE OF. A mixture of 
tsoamyl butyrate and «^oaniyl alcohol. 

APRICOT KERNEL OIL v. Ai rk ot. 

APYRON. Trade name for lithium acetyl- 
salicylate. 

AQUAFORTISv. Nitbio Aril). 

AQUA REGIA. Nitronnuriaiicaaid ; Konigs- 
wasser. A name given by the alchemists to 
a mixture of nitric and h;y drochloric acids, 
originally prepared by dissolving sal ammoniac 
in strong nitric acid, and used by them as a 
solvent for gold, sulphur, &c. Usually made 
by mixing I vol. of nitric acid with 4 vols. of 
hydrochloric acid. The mixturo is at first 
colourless, but gradually — e.spccially on heating 
— acquires a deep orange-yellow colour, due to 
the formation of nitrosyl chloride and free 
chlorine : HN0ad-3HCl=N0Cl+Cla-l-2Hj,0. 

The solvent action of aqua regia appears to be 
mainly duo to the free chlorine. 

AQUA VITAE. An alchemistic name used to 
denote common alcohol as obtained by distilling 
a liquid which has undergone vinous fermenta- 
tion. 

ARABIC GUM v. Gums. 

ARABINOSE v. Carbohydrates. 

ARACHIDIC ACID CHafCH,) , ,COOH is 
found partly free and partly as a glyceride in 
earth-nut oil (from Arachia hyp geea (Linn.)) ; in 
butter, and in the fruit of Ncphclium lappaceum 
(Heintz. Pogg. 90, 146; Grossmann, Annalen, 
89, 1 ; Oudemans, Zeits. f. Chem. 1867, 256). It 
has been prepared by treating behenolic acid 
C„H„0, with fuming nitric acid (Grdssipann, 
Ber. 1893, 644), and synthetically from aceto- 
acetic ester and octodecyl iodide (Schweizer. 
Arch. Pharm. 1884, 753) : m.p. 77° (Baezewski, 
Monatsh. 17, 630). Solubility in 90 p.c. 


alcohol, 0‘022 p.o. at 16®, and 0*046 p.o. 
at 20°. 

The methyl ester melts at 64*5®, and the 
ethyl ester at 50®, and boils at 284°-286° under 
100 m.m. pressure. 

ARACHINE C5H14ON,, an alkaloid occurring 
with choline and betaine in earth-nut (ground- 
nut, monkey-nut) meal {Arachia hypogea (Linn.)). 
Syrup ; the aurichlorido and platinichloride are 
crystalline. Produces somnolence in frogs and 
rabbits (Moosor, Landw. Versuch-Stat. 1£W4, 60, 
321). 

ARACHIS OIL is obtained from the seeds of 
Arachia hyjxxjaia (Linn.), which are known in 
commerce as earth nuts, pea nuts, or monkey 
nuts. The cultivation of the arachis plant dates 
back so far in history that its origin is unknown. 
It is frequently assumed that tlie homo of the 
aiachis nut is Brazil. The plant is chiefly 
cultivated in the East Indies, Indo-China, Java, 
Japan, the West Coast of Africa, Mozambique, 
Madagascar, Egypt, Sjiain, Sicily, the United 
States of America, the Argentine, and in the. 
West Indian Islands. The East Indian and 
West African nuts represent two distinct 
varieties. In commerce a distmction is made 
between decorticated and non-decorticated nuts. 
The Indian and Mozambique nuts are usually 
decorticated before they are shipped to Europe ; 
as they undergo some detrimental changes on 
the voyage, they cannot be used for the produc- 
tion of best edible oil, and are mostly worked 
up for soaj) oil. The nuts coming from West 
Africa mostly arrive non-decorticated, and are 
therefore suitable for the preparation of best 
edible oil, the lower qualities only, derived from 
a second and third expression {aee below) being 
used for technical purposes. The approximate 
composition of arachis nut, taking ^e average 
of nuts from various places of origin, is as 
follows : oil, 38-50 p.c. ; water, 4 6-12*8 p.c. ; 
albuminoids, 20-31 p.c. ; carbohydrates, 6-19 
p.o. ; fibre, 1 *1-4*1 p.c. ; ash, 1*0-3 0 p.o. 

The undecorticated nuts are sh^led by 
special machinery and the inner red skin which 
surrounds the kernel is removed as completely as 
possible by a blast of air. The separated and 
cleaned kernels are then ground in the usual 
manner and subjected to hydraulic pressure. 
As the kernels contain so high a proportion of 
oil, the expression of the oil is carried out in 
two stages ; frequently the meal is even ex- 
pressed three times. The first expression 
takes place at the ordinary temperature, and 
yields the ‘ cold-drawn ’ oil ,* the second ex- 
pression is carried out at a temperature of 30°- 
32° ; and the third expression at 50°-66°, 

The ‘ cold- drawn * oil is nearly colourless, 
and has a pleasant taste, recalling that of 
kidney beans ; it is used as salad oil, and sold 
under the name ' huilo surline.* The oil 
obtained by the next expression also serves for 
edible purposes, in the sardine and marga^e 
industries, or for burning ; the lowest quality, 
which has been expressed at the highest tempera- 
ture, IS chiefly used for soap-making. 

The arachis cakes serve as anr excellent 
cattle food, for they contain the highest amount 
of proteins of all known oil cakes ; moreover, 
these proteins are more easily digested than 
those of other cakes. 

Their average composition is : water, 1 1 *6 ; 
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fat, 8*8; cellulose, kc., 31’ 1 ; ash. 7*25; 
proteins, 41*35 : nitrogen, 6*8 p.c. (Hchadler). 

On standing a few degrees above freezing- 
j^int, * stearine * deposits from arachis oiU 
This stearine contains arachtn, which does not 
settle out as a crystalline moss, so that it cannot 


. during the year 1907 was : arachis nuts in 
- shells, 163,241 tons ; decorticated arachis nnts, 
117,404 tons. The total qnantity of arachis 
nuts produced in the world may be taken to 
amount to about 350, (XM) tons. In 1910, 
6,686,679 tons of oil seeds were imported into 


be removed in the usual manner by expression. > Marseilles, of which 34,800 tons were arachis 


Hence it is necessary, in order to * domargan- 
nate * arachis oil, to allow it to stand for a 
prolonged tune m the cold, when * margarine 
d'aracnide * settles out, so that the sufiernatant 
clear oil can be drawn off. 

Amongst the solid fatty acids of arachis oil, 
arachidio acid and lignocerio acid have Ijcen 
identified. These two acids are characteristic 
of arachis oil, and as their proportion can l^e 
determined quantitatively, the separation and 
determination of * crude arachidic acid * (i.e. 
a mixture of arachidic and lignocoric acids) 


nuts. Next to France, arachis nuts are largely 
imported into Trieste, Delft, and in smmler 
quantities to (icrmany (about 25,000 tons), and 
to the United States of Amenca. The latter 
country produces about 50,000 tons per annum. 
The imports of arachis oil into Italy increased 
from 470 tons in 1908 to 5080 tons in 1910 
(.Molinan). J. L. 

ARAGONITE. The orthorhombic form of 
calcium carlionato (Caf’O,), differing from the 
more common dimorphous form calcite (q.v.) in 
its greater density (sp.gr. 2 03), greater hardness 


furnishes an excellent means of identifying j (11. 3A), and in the absence of cleavage. It 
arachis oil, and estimating its proportion in ' crystallises, together with calcite, from aqueous 
mixtures with other oils. Amongst the liquid > solutions containing carbon dioxide at tempera- 
fatty acids of arachis oil, oleic acid undoubtedly I turcs above 18*^, and the presence of various salts 
nredominates ; in addition to it linolic acid has | m the solution favours its growth. In nature 
been identified, but the prc^senco of hypogapic | it is deposited by thermal springs, for instance, 
- . * . *• . . Carlsbad in Bohemia, in the form of 


acid is doubtful, the only oxidation compound 
obtained from the liquhl, fatty acids being a 
sativio acid (Klimont and Mayer, Monatsh. 
Chem. 1913, 34, 1195). Stearic acid does not 
appear to be present ; the fatty acid, m p. 68*^, 
separated by Ilohnor and Mitchell (Analyst, 
1898. 21, 238), consisting of a mixture of 
lignocerio and arachidio acids (Klirnont and 
Mayor, 

The sp.gr. of arachis oil is usually about 
U'917'O'Oni at 15'’, but Sadtlcr (Amcr. d.' Pharm. 
1897, 00, 4tH)) obtained as low a value us 0*91 1 
with oil from African nuts, whilst the oils from 
Indian nuts have given values of 0 9223 to 
0*9256 (Crossloy and Le Suoiir, J. Soc. Uhem. 
Ind., 1898, 17, 089). The usual limits for the 
iodine value lie between 87 and 100, but ex- 
tremes of 84*4 (Schiicll) and 105 (Olivm) are 
on record. For its detection and ostiinatioii, see 
Evers, Analyst, 1912, 37, 487. As the iodine 
value of amciiis oil lies so near that of olive oil, 
adulU^ration of olive oil with aracliis oil takes 
plac»o on the largest scale ; indeed, very fre- 
quently aracliis oil is entirely substituted for 
olive oil (as in the preparation of tinned sar- 
dines). 

It is also a coniinon adulterant of castor oil 


C ^a-like concretions, this variety of the mineral 
ung known as pisoUte. Another variety, 
called jloA-Jerrt (flower of iron), is found as 
snow-white coralloidal forms in the iron mines 
of iStyria. Crystals were first found embedded 
in rc‘d clay and gypsuni in Aragon, Spain ; and 
divergent groups ot spear- 1 ike crystals have been 
foiitirl m an iron (hiematito) mine in west 
(/Utnberland. Kine groups of twinned prismatic 
crystals are met with in the sulphur mines near 
(«i|;genti in Sicilv, and in the copper mines at 
iierrengrufid in llungary. A variety containing 
about 5 p.o. of lead carbonate is called tarno- 
wit/.ito from its occurrence at Tarnowitz m 
Silesia. L. J. S. 

ARALIA BARK or False Pnckly Ash Bark, 
the bark of Aralia ajnnosa (lann.), contains a 
volatile oil, an amorphous bitter substance, 
(tannin), a grey acrid resin, and a glucoside to 
which the name aralem has lx‘en given (Lilly, 
IMiarm. J, [3] 13, 305). By boiling aralom with 
dilute hydrochloric acid, aralireUn is obtained 
(Holden," Pharm. J. [3J 11, 210; Chem. Soo. 
Trans. 40, 106). 

ARAROBA POWDER v. Ciirysarobin. 


when urad a. a lubricant (or aeroplane inotore. ] * “amfra. obKi proLbly'fZi fa^s 

Ir.H tti'minnnn rtiavr hn hi- f.lin riirKiHirv ■ • .. • . . * r>i *' « ..5^ >. 

I of (larcinia (Dy mock, Pharm. J. [3] 7, 


Its prosonoo may bo detected by the turbidity 
temperature of an alcoholio solution of the oil, 
pure castor oil solutions remaining clear below 
—20°, whilst 1 p.c. of arachis oil causes the 
liquid to become turbid at a much higher 
temperature. Arachis oil itself is liable to lie 
adulterated with sesame oil, which is added 
partly with the object of preventing solidifica^ 


13] 

451). 

ARBOL-A-BREA RESIN is obtained from 
Canarium luzonicum (Miq.), a tree belonging to 
the Buracracoas growing in the Philippines. 
The resin is greyish-yellow, soft, glutinous, 
and has a strong agreeable odour. It contains 


tim when the oil is exisi^l to a modcralolv ; fp"'" 'V'y, *? ' 

low temperature. The addition may bo do^ ^ 

tooted by the Baudoum test (sr/ Sbsamb »>-25 essential oil j 0 52 free acid ; 0|2 bittw 
Qjj e.xtractivo matter ; 6*42 woody and earthy 

AraoKlk oil is chiefly expressed in the South ' j^PR^Des (Bonastre, Jour. Pharm. 10, 129). 
of Europe (Marseilles and Trieste); therefore, B»«P . has isolated four crystalline substaneeB, 
the lower qualities of this oil enter largely into ! Bryaidine (Ann. 

the composition of tJie soaps of South Europe. Phys. [3J 31, 108). 

Thus, one of the most oharaotenstio component ARBUTIK v, Glucosides. 

of the Marseilles white soap is arachis oil. The > ARCHIBROMIN, Trade name for mono- 

quantity of arachis nuts imported into France i bromoisovaleryl glyoolylarea. 
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ABCIHIL or ORCHIL (OrmUi^ Fr. ; OruUU, 
Gor. ; OrieeUo, It.) appears in oommeroe in three 
forms : (1) as a ni^y matter called arehd ; (2) 
as a mass of a drier character, named per$is i 
and (3) as a reddish powder called cudbear. It 
is obt^ed from various Uchens of the genus 
Roccella, growing on the rocky coasts the 
'Azores, the Canaries and Cape de Verd Isles, also 
of the Cape of Good Hope, Madeira, (^orsiea, 
Sardinia, Ac., and from Ochrolechia tartarea, 
growing in Sweden and Norway. None of these 
lichens contains the colouring matters ready 
formed, but there are present certain colourless 
acids of the type of Ucanoric acid, derivatives 
of orcin, into which they can be readily con- 
verted. Thus, leoanoric acid (1) give.s first 
orsellinic acid (2) and subsequently orcin (3) 
according to the following scheme : — 


CH3 



CH, 


Orcin itself, when acted upon by air an<l 
ammonia, changes into a purple substance called 
orectn, which is the name apjifiod to the colouring 
matters of archil (Hobiquet, Ann. ('him. Phys , 
[21 47, 238). 

Finely powdered orcin is placed in a thin 
layer under a bell jar, together with a beaker 
containing strong ammonia solution. As soon 
as the siH^stance has become brown coloured, 
it is removed and exposed to air for some time. 
It is then dissolved m very dilute ammonia 
solution, reprecipitated with acetic acid, and 
dried. According to Gerhardt and Jjaurent, 
orcein has the composition Oi 4 H 7 NO« (Ann. 
Chim. Phys., [3] 24, 315), but more recent re- 
searches indicate that it is a mixture of sub- 
stances. Liebcrmann, for instance (Ber. 7, 
247 ; 8, 1049), considers that by this reaction 
three colouring matters are produced, having 
respectively the formulse (a) CuHuNO*; 
(6) C,.H, 3 N 30 ,; and (c) CuH^N^Oa- 

Zulkowski and Peters (Monatsh. 11, 227) 
allowed orcin to remain in contact with am- 
monia for two months, and from the product 
isolated three substances : — 

(а) Red orcein Caj,H, 4 Na 07 , the main pro- 
duct, which appears to be formed according to 
the following equation : — 

4C7H303f2NH3+60=C„H„N,07 + 7H30 

It is a brown crystallme powder, soluble in 
alcohol with a red colour, and in alkaline solu- | 
tions with a blue-violet tint. 

(б) A crystalline yellow compound, 

Ca.H^NOa, 

which is accounted for as follows : — 

3C,H30,+NH,+30-C„H„N0»+4Ha0‘ 

Vnw T— 7» 


(c) An amorphous product similar to litmus. 

These substances can be prepared much more 
rapidly by the addition of h^rogen peroxido 
I to an ammoniacal solution of' orcin. 

I There can be no doubt that this reaction 
; proceeds in several stages, and that the character 
of the product varies according to the duration 
of the process. This is well known to manu- 
facturers, who can prepare at will a blue or a 
red orchil. The constitution of these colouring 
matters has not yet been determined, but in 
view of the circumstances by which they are 
produced, it is most probal^le that they are 
members either of the oxazine or oxazone 
groups. 

Orchil was originally prepared from the 
lichens by means of stale urine, which supplied 
the necessary ammonia, but ammonia solution 
is now exclusively employed . The older methods 
have, however, been greatly improved, and in the 
place of barrels the operation is carried out in 
large horizontal or vertical cylinders fitted with 
stirrers, and suitable openings for the admission 
of air. 

In such an apparatus the weed is digested 
with about three times its weight of ammonia 
solution at 00° for from three days to one week, 
the admission of air being regulated according 
to the judgment of the manufacturer. The first 
product of the reaction has a blue colour, and 
if the process be stopped at tins point, there is 
formctl the dyewaro known as blue orchil. On 
the other hand, if the action of the air and 
ammonia is allowed to proceed fuither, red orchil 
is obtained. Those orchil pasti's when dried 
and finely ground constitute the product known 
os cudbear. 

Bedford (I). H. P. 67912, 1880) blows air or 
oxygon through the ammoniacal mixture, which^ 
especially m the latter case, materially shortens 
the proco8.s. The apparatus cinploycif is erected 
vertically, and by an ingeniou.H arrangement of 
projecting slielvcs, the edge’s of which are turned 
down, a considerable quantity of the air or 
oxygen is entrapped, and exerts therefore a more 
powerful oxidising ciTcci. 

Orchil liquor is prepared by extracting the 
lichens with boiling water, concentrating the 
extract to from 8° to 10° Tw., and submitting 
this to the action of air an<l ammonia ; whereas 
orchil extract is produced by the extraction of 
orchil paste itself. 

In former times archil and cudbear were 
frequently adulterated with magenta, certain 
azo colours, extracts of logwood, brazilwood, Ac. ; 
but os the importance of those dyostufTs has 
now very greatly diniinished, such a contamina- 
tion IS at the present time of rare occurrence. 

Archil and its preparations are substantive 
colouring matters, which <lye well in a neutral 
bath, but have the useful property of behaving 
nearly as well under slightly acid or slightly 
alkaline conditions. Kven colours of con- 
siderable intcnHity are produced from it without 
difliculty, but unfortunately those are not fast 
to light. Wool is dyed in a neutral Jpith, or 
with addition of a trace of sulphuric acid, and 
silk is dyed in the presence of soap solution, 
acetic acid being sometimes added. Archil is 
not applied to cotton. * 

Archil was at one time employed to a laige 
extent for ' bottoming ' indigo, that is to say, 

2 a 
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the fabric was first dyed with archil and subse- 
quently with indigo. The reverse process, 
known as * t<q)ping,’ nas again been considerably 
in vogue. Cudbear and archil arc also used to a 
limited extent in conjunction with other dye- 
stuffs for the production of compound shaclcs. | 
White wines are sometimes coloured with 
archil, but its presence can be detected by pre- ! 
cipitating with load acetate and extracting with 
amyl alcohol, when a red colour indicates the 
presence of archil or magenta. The addition 
of a little hydrochloric acid changes the colour 
to yellow if magenta be present, but does not 
alter it if archil is the adulterant (Haas, Zcitsch. 
anal. Chem. 20, 869; J. 8oo. Chem. Ind. 

1, 119). 

A. G. P. 

ARCHIL REDS v. Azo- coloubiko matters. 

ARCHIL SUBSTITUTES v. Azo. colouring 

MATTERS. 

ARCHIODIN. Trade name for monoiodo- 
tso valory Iglycolylurea. 

ARDENNITE. A mineral consisting of 
vanadio-silicate of aluminium and manganese, 
Ji ]ijJVfnHAlf|V28iifO|4 or il|oMn](jAl|oV28i|()05£, 
containing 0T>:i-9‘20 p.c. VjOg. The vanadium 
is jiartly replaced by arsenic (up to 9*3.3 p.c. 
AsoOg), and in these varieties the colour is pidcr. 
It has as yet been found only at 8alm-(3iateaiix, 
near Ottrez, m the ilelgian Ardennes, where it 
occurs embedded in quartz veins in phyllitcs or 
slaty schists. It forms yellow to brown aggre- 
gates of bladod or columnar crystals ; these arc 
orthorhombic with a perfect cleavage parallel 
to the brachypmacoid, and good cleavages 
larallel to the unit prism. 8p.gr. 3*08-3*60 ; 
lardncss, 0-7. It is readily fusible with 
intumosconco before the blowiiipe to a black 
glass ; and is not attacked by (lydrochloric and 
nitric acids, though slightly by sulphuric 
acid. 

L, J. S. 

ARECA NUT, lietcl nut, is tlio seed of the 
arec-ii palm, Arcca Gatf’chu, Linn., a native of 
the Kiiiida Islands, cultivaU'd in tropical India 
and the Idiilippinos. It is often chewed in the 
Far East together with lime and the leaves of 
betel popper, and is also used as a vermifuge. 

In Aniorioa and Europe it is used in veterinary 
practice, against tape worm. Arocoliiie hydro- 
oroniide, in.p. 170“, is employed for this purpose, 
and is official in the (German Pliariiiacopoeia. 
The nuts contain six alkaloids, all more or less 
closely related: Arecolinp, C4Hi302N, the 
irinei pal alkaloid (0*1 p.c.) is a strongly alkaline 
iquid, b.p. 220®, and highly toxic (Meier, 
Biocliem. Zeit. 1907, 2, 415). it is the luethvl 
ester of ArecniiH7ie 07 HnO 2 N,H 2 O, m.p. 222^- 
223‘\ which is non-toxic and identical with 
A*-tetraliydronicotinio acid 

synthesised by Wolil and Johnson (Bor. 1907, 
40, 47Vi//. (fuviicine CaHgOaN, m.p. 271-272®, 

18 a lo.ver hoinologue in whicii the N-mothyl is 
replaced by hydrogen, is a totrahydroisonicotinic 
acid (probably A®) 


I areeaine, m.p. 231% is N-methyl guvadne, and 
I hmee the last two are both or^vtalline solids 
I of neutral reaction. OutxKciine is guvacine 
methyl ether, b.p. 114®/13 mm., and an alkaline 
liquid which ciystallifies. For the constitution 
of these alkaloids, mostly discovered by Jahns 
(Ber. 1888, 21, 3404), for the properties of their 
salts and for earlier references, see Freudenberg 
(Ber. 1918, 61, 1668), who thinks that perhaps 
only arecoline and guvacoline occur as such in 
the nuts, and sho^s that areeaine of Jahns 
is identical with arecaidine. Arecdidine, 
C^HifOgN, m.p. 110°, isomeric with arecoiinff, 
occurs in minute quantity in the mother liquors 
of technical arecoline hydrobromide, and is 
probably 3 : 4-dimethoxy 1 -methyl, 1 : 2-di- 
nydropyridine (Emde, Apoth. Zeit. 1015, 30 
240). G. B. 

ARECAIINE, ARECADINE,ARECOUDINE, 
ARECOLINE v. Abbca Nut. 

AREOMETER v. Hydrometer. 

AROAL V. Arool. 

AR6ALDIN. A combination of albumin- 
silver and hexamethylenetetramine. 

ARGAN OIL. An oil obtained from the 
kernels of Argatiia Sideroxylon (Roem. et Schult) 
(ord. Sapotaccfy), growing in Morocco. The 
kernels are ffrst roasted, ground to powder and 
mixed with water, when the oil separates 
(Pharm. J. [3] 10, 127). 

ARGENT AM IN. Trade name for ethylene- 
diamine silver nitrate. 

AROENTAN v. Aluminium and Nickel. 

ARGENTINE. A name given by R. Kirwan 
in 1794 to a variety of calcite (CaOOa) occurring 
as small scales with a pearly white or silvery 
lustre. 

ARGENTINE. Finely divided spongy tin, 
made by reducing a weak solution of tin salt 
(120 grams in 60 litres of water) by zinc. The 
tin is collected in a sieve, washed with water, 
and dried at a gentle heat. Used for tin-plating 
and also for printing upon fabrics and paper 
(l>eut. Ind. Zeit. 23, 255 ; J. Soc. Chem. Ind. 
7, 504). 

ARGENTITE. A mineral consisting of silver 
sulphide Ag28, and occurring as cubic crystals 
or as compact masses. It is blackish lead-grey 
in colour, and perfectly sectile ; surfaces cut 
with a knife are Dright and shining. Sp.gr. 7*3. 
Contaming 87 '1 p.c. of silver, it is a valuable ore 
of the metal when met with in quantity, as in the 
Comstock lode in Nevada and in Mexico. 

L. J. S. 

ARGENTOL. A synthetic antiseptic, con- 
sisting of a compound of silver with quinosol, 
of the formula C2H2N(0H)S02*Ag. Forma a 
yellowish powder, of a faint smell, sparingly 
soluble in water and alcohol (Pharm. Zeit. 1897, 
42, 243). 

ARGENTORAT. Trade name for a flash- 
powder consisting of a mixture of potassium 
perchlorate and aluminium, used m photo- 
graphy ; gives very little smoke (v. Flash - 

I’OWDKRS). 

ARGINASE. An enzyme occurring in the 
liver, also present in the kidney, the intestinal 
mucous membrane, thymus, and other oi^ans 
(Kossel and Dakin, kitsch, physiol. Chem. 
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im, 41, 821). dementi (Atd R. Aooed. 
lanoei, 1914, [v.] 23, ii. 612, and ibid. 1916, 25, 1, 
366) find! it in the Iddney of mammals and in the 
liver of mammaJs, amj&bia and fishes, but not 
in that of birds or reptiles ; see also Edlbacher 
(Zeitsoh. physiol. Chem. 1915, 95, 81-87 ; ibid. 
1917, 100, 111); Shiga found it (2Mt8ch. 
phymol. Chem. 1^, 42, 602) among the enzymes 
obtained from yeast. It is also found in various 
plants (Kizel, Bull. Aoad. Sci. Petrograd, 1915, 
1337-64). It can be extracted from the liver 
by water or dilute aoetio acid, and is precipitated 
from solution by alcohol, ether, or ammonium 
sulphate. Areinase is a specifio enzyme for the 
exclusive hycfrolysis of d-arginine or of sub- 
stances containing the d-arginine grouping, 
which it converts almost quantitatively into 
carbamide and d-omithine. For the detection 
of aiginase, v. dementi (Atti B. Accad. Lincei, 
1917, fv.] 26, i. 261). Creatine and other 
guanidine derivatives structurally similar to 
aiginine, or guanidine itself, are incapable of 
hydrolysis by this enzyme (Dakin, J. Biol. Chem. 
1907, 3, 435 ; and dementi (Atti B. Accad. 
Lincei, 1916, [v.] 24. i. 483-489). 

The action of arginase on arginine may be 
followed by titration of the arginine solution 
(in presence of formaldehyde) with N/6 sodium 
hydroxide solution, dementi (Atti B. Accad. 
Lincei, 1914, [v.] 23, ii. 617-523); see also 
Sorensen (Biochem. Zeitsoh. 1907, 7, 46-101). 

M. A. W. 

ARGININE CeHi 40 aN 4 , a-amino-b-guanino- 
n-valeric acid NH :C(NH,)*NH (CH4)a*CH(NH,)* 
COall, first isolated by Schulze and Steiger 
(Ber. 1886, 19, 1177) from the etiolated germi- 
nated cotyledons of Lupinas, is the most widely 
distributed dissociation product of proteid 
matter, and can bo obtained by hydrolysis of 
the proteid matter of seeds of Lupinus luietis, 
Cucurhiia pepo, Picea excelsa, to the extent of 
10 p.c., Abies pectinata, Finns si/lvestriSf and 
other conifers (Schulze, Ber. 1891, 24, 276; 
Zeitsch. physiol. Chem. 1896, 22, 411, 436 ; 1897, 
24, 276). According to Suzuki (Chem. Zeit. 
1899, 23, 658) the arginine obtained from the 
seeds of conifers exists already formed, but in 
loose combination with the proteid material, and 
is also produced synthetically in the plant from I 
ammomum salts and nitrates, either in full or 
diffused daylight (Bull. Coll. Agr. Tokyo Imp. 
Univ. 1900, 4, 26). It is found in a number of 
plants, generally in company with asparigine, 
less often with glutamine, and also when neither 
is present (Stiogor, Zeitsch. physiol. Chem. 
1913, 86, 268; Schulze, l.c. 81, 63). It is 
found in soil (Schreiner and Shorey, J. Biol. 
Chem. 1910, 8, 381 ; Schreiner, Lathrop, 
J. Amer. Chem. Soc. 34, 1242), and in the blood 
under normal conditions (Abderhalden, Zeitsch. 
physiol. Chem. 1913, 88, 478). For presence 
of aiginine in hops, see Chapman (Chem. Soo. 
Trans. 1914, 106, 1899). According to Skinner 
(Bied. Zentr. 1913, 42, 213, from Proc. 8th 
Intemat. Congress Applied Chem. 1912) it is 
produced in soil as a primary cleavage product 
of proteids and can take the place of nitrate in 
the soil. Arginine is also one of the constituents 
of the product of hydrolysis of proteids of 
animal origin, thus, horn yields 2*26 p.c. ; glue, 
2*60 p.o. ; conglutin, 2*75 p.c. ; albumen from 
yolk of egg, 2*3 p.o. ; mm white of egg, 


0*8 p.o. ; blood serum, 0*7 p.c, ; and 
casein, 0*25 p.o. (Hedin, Zeitsch. physiol. 
Chem. 1894, 20, 186), whilst the protamines 
Saimine, Sturine, Clupeine, Scombrine, Cychpte^ 
fine, and Crenilabrine yield aiginine as the 
chief product of h\'drofy8is (Kossel, Zeitsoh, 
physiol, Chem. 1896, 22, 176; 1898, 26, 166; 
1899, 26, 588 ; 1904, 40, 666 ; 1910, 69, 138). 
In cases of phosphorus-j^isoning aiginine is 
found in the urine (Wohlgemuth, Zeitsch. 
physiol. Chem. 1906, 44, 74), whilst the 
amount obtained from the liver is diminished 
(Wakeman, Zeitsch. physiol. Chem. 1908, 44, 
336). 

The cleavage of arginine in plants and animals 
due to enzyme action is identical with that which 
occurs in putrefactive processes : ornithine and 
carbamide are produced (Kossel and Dakin, 
Zeitsch. physiol. Chem. 1904, 41, 321 ; 1904, 
42, 181 ; Ackermann, ibid. 1908, 56, 306 ; 
Kiesel, ibid. 1912, 76, 170, 196.) 

When arginine is heated with barium 
hydroxide it is decomposed into ammonia, 
carbamide, and ornithine \q.v.) {ab-diaminovaUric 
acid ) ; oyanamido reacts with ornithine at the 
ordinary temperature to form arginine (Schulze 
and Wmterstein, Zeitsoh. physiol. Chem. 1898, 
26, 1 ; Ber. 1899, 32, 3191), or with a-ben- 
zoylomithine to form the benzoyl derivative 
of arginine, and this is readily hydrolysed to 
arginine, which is thus proved to bo a-amino- 
b-guanino-n-valeric axiid (Sorensen, Ber. 1910, 
43, 643 ; see also Zeitsch. physiol. Chem. 1911-12, 
76, 94). 

Arginme yields a copper compound 
Cu(CeHuO,N4)a 

Kober and Sugiura (J. Biol. Chem. 1912-13, 
13, 6). 

Arginine crystallises in brilliant monoclinio 

f lates (Haushofer, Zeitsch. physiol. Chem. 
887, 11, 63); m.p. 207°-207*6® (Gulewitz, 
Zeitsch. physiol. Chem. 1899, 27, 178) ; it also 
crystallises with IHgO in rhombohodra (Hedin, 
Zeitsoh. physiol. Chem. 1896, 21, 160) ; it dis- 
solves readily in water, and is sparingly soluble 
in alcohol. Arginine contains an asymmetric 
carbon atom, and the dextrorotatory form is 
the natural product, the hydrochloride has 
ro]D+12*6° in aqueous or +26*6° in hydrochloric 
acid solution. Arginine is strongly alkaline, 
and its solution absorbs carbon dioxide from 
the air ; it forms well-defined crystalline salts 
with acids, and compounds with certain metallic 
salts (Gulewitz, l.c.). The nitrate C4Hi40«N4, 
HNO„iH,0 has m.p. 126° ; the dxnitrate 
C«H,404N4,2HN0, has m.p. 161°; the hydro- 
cMortde CslIi40sN4,HCl,Ha0 melts and decom- 
poses at 209° when anhydrous; the df-auri- 
ohloride Cefli 40,N4,2HC1, AuClg, has 

m.p. 106°- 11 6°; the d-arginine auriohloride 
^6 ^i4C|N4,2HAuCL, 1^1120 softens at 140° 
and molts at 160° (Wei«is, Zeitsch. physiol. 
Chem. 1911, 72, 490); the silver nitrate com- 
pounds C4H,402N4,AgN02,4H20 davomposes 
at 164°, and C4Hu02N4,AgNOa,HNO, melts 
and decomposes at 180° ; the cupric nitrate 
compound 2C4Hj402N4,Cu(N0a)a,3Il20 melts 
at 112°-114° or decomposes at 232°-234° 
when anhydrous ; the copper sulphate com- 
pound melts at 110° or decomposes when 
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anhydrous at 235^-238^ ; the picraie C1H14O1N4, 
O.H,0,N,.2H,0, m.p. 205®, dissolves in 2041 
parts 01 water at 16** ; ihepicroUmaUG^iS^JI^it 
CioHa05N4,HaO, m.p. 231°, dissolves in 1124 
parts of water, or 2885 parts of alcohol at the 
ordinary temperature (Schulze and Steiger, 
Ber. 1886, 19, 1177; Hedin, Zeitsch. physiol. 
Chem. 1894, 20, 180; Gulewitz, ibid. 1899, 27, 
178 ; Steudel, ibid. 1903, 37, 219 ; Reisser, ibid. 
1900, 49, 210). The aurichlorido of a tetra- 
methyl arginine 

CioH24GaN4Au2Cla 

prepared by Engeland and Kutscher (Zeitsch. 
Biol. 1912, 59, 415) crystallises in short needles 
which melt 173°-176° to a clear fluid. Thr^ 
methyl groups are in the side chain and one in 
the guanidine complex. 

Certain aoyl derivatives and esters of arginine 
have also been prepared, the dibenzoyl derivative 
C0HiaO2N4Bzg crystallises in rhombic needles 
or prisms, m.p. 217*6°-218° (Gulewitz, l.c.), the 
0-naphihalenesvlphonic derivative O4II12O2N4. 
S02 'CioH 7 is a colourless powder, m.p. 88° -89® 
(Reisser, l.e.) ; diarginytarginine is isolated 
as the dipicraie CiHH8o04N]2(C4H207N*)a,2H20, 
ra.p. 207°, from the product obtained by Jiydro- 
lysing pepsin extract with hydrogen fluoride ; 
arginylarginine picrate CjaHaflOaNajC^HjOrNa, 
2Ha^> “‘P* 213°, is similarly obtained from 
gelatin (Hugouenq and Morel, Compt. rend. 
1909, 148, 236) ; arginine methyl evier hydro- 
chloride has m.p. 195° (corr.) with decomposi- 
tion, the picrate forms lemon-yellow crystals, 
which melt and decompose at 218° (corr.); 
and the nitrate melts at 189° (corr.) (Fischer 
and Suzuki, Sitzungber. K. Akad. Wiss. Berlin, 
1904, 1333). 

The presence of arginine assists the tr3rptio 
digestion of proteid matter and aids the emulsifi- 
cation of fats : this appears to bo connected with 
its alkalinity, as sodium carbonate acts similarly 
( La wroif, Zeitsch. physiol. Chem. 1899, 28, 
303) When arginine (hydrochloride or car- 
bonate) is administered as a food, it suffers 
complete decomposition, and 37-77 p.c. of the 
nitrogen so given reappears as urea (Thompson, 
Zeitsch, physiol. Chem. 1906, 33, lOfi), and the 
amount of arginine in the various organs shows 
no increase (Orglmeistor, Beitr. Chem. Physiol. 
Path. 1906, 7, 27). Intravenous injection of 
arginine increases the creatine content of muscle 
(Thompson, Proo. Physiol. Soo, ii.-iii, ; J. 
Physiol. 1917, 61 ; Jansen, Arch. N^erland. 
Physiol. 1, 618). Ackroyd and Hopkins (Bio- 
Chem. J. 1916, 10, 561-576) suggest that 
arginine plays a special part in purine meta- 
b(dism in the animal body. Ringer, Frankel, 
Jonas (Bio-Chem. J. 1913, 14. 525 -.538), suggest 
that succinic acid is an intermediate compound 
in the katabolism of arginine. 

Arginine gives the diacetyl reaction for 
proteids (Harden and Norris, J. Physiol. 1911, 
42, 333). 

Arginifte is readily oxidised by hot calcium 
or barium permanjB;anate yielding guanidine, 
7-guaninobutyrio acid and succinic acid (Bcnech, 
Kutscher, Zeitsch. physiol. Chem. 1901, 32, 278, 
413, and the estimation of the number of 
aruinine errouns in nroteids is based on this 


reaction (Oiglmeister, l.e , ; Kutscher and 
Zickgraf, Sitzungsber. K. Akad. Wiss. Berlin, 
1903, 28, 624), the guanidine thus obtained 
being isolated in the form of its sparingly soluble 
picrate, and either weighed as such, or the 
nitrogen estimated in the usual way. Another 
method of isolating and estimating arginine 
is based on Siegfried's carbamino-reaction of 
amino- acids (Zeitsch. physiol. Chem. 1905, 44, 
86 ; 46, 402 ; 1907, 60, 171 ; Ber. 1906, 39, 397), 
whereby the barium, strontium, or calcium salt 
of the corresponding carbamic acid is formed 
when carbon dioxide is passed into a solution 
of the amino- acid containing excess of alkali 
earth hydroxide until the solution is neutral 
to phenolphthalein — 


RCHNH2 

I ■fCa(OH),-fCOa 

R*CH-NHCOa\ 

- k 


The barium and strontium salts of these com- 
plex carbamic acids are much less readily 
soluble than the corresponding amino-acid, and 
afford a means of isolating the compounds 
(D. R. P. 188905, 1906). In order to estimate 
the amino- acid, the filtrate containing the 
calcium salt of the carbamic acid is decomposed 
by heating with boiled- out water into calcium 
carbonate, and the amino acid ; the ratio COgiN 
is determined by weighing the calcium carbonate 
thus precipitated, and estimating the nitrogen 
in the filtrate by Kjoldahl’s method (Zeitsch. 
physiol. Chem. 1908, 54, 423). 

Van Slyke (J. Biol. Chem. 1911, 10, 26) 
precipitates the arginine with phosphotungstic 
acid, decomposes the precipitate with barium 
chloride, and boils the nitrate gently with 50 p.o. 
potassium hydroxide for six hours ; basing his 
estimation of arginine on the fact that it loses 
half of its nitrogen, in the form of ammonia, 
when boiled with dilute alkali. 

Plimmer f Bio-Chem. J, 1916, 10, 116-119) 
decomposes the arginine vdth 20 p.c. alkali. 

Weohsler (Zeitsch, physiol. Chem. 1911, 73, 
138-43) dissolves the dried phosphotungstate 
precipitate in a mixture of acetone and water, 
and tnen decomposes it with barium hydroxide. 

For the quantitative estimation of arginine, 
in proteins, Jansen (Chem. Weekblod, 1917, 14, 
125) uses arginase to decompose the arginine 
and the urea thus produced is converted into 
ammonium carbonate by urease. 

df-Arginine is readily produced by the 
tryptic fermentation of fibrin, or by heating 
d-arginine nitrate at 210°-220° for 1^20 
minut/es (Kutscher, Zeitsch. physiol. Chem. 
1901, 32, 476) or by heating d-arginine in 60 p.c. 
sulphuric acid in sealed tubes at 160°- 180° for 
33 hours (Reisser, Zeitsoh. physiol, dlhem. 1906, 
49, 210) ; it decomposes at 210® (Cathcart, Proc. 
Physiol. Soo. 1906, 39) ; the nitrate C4H,402N4, 
HNO., has m.p. 216® ; the dinitrate C4H,40|N4, 
2HN(33, m.p. 151® ; the cupric nitrate derivative 
2C4H,402N4,Cu(N08)a,3H,0, m.p. 228®-229®; 
the eilver nitrate derivative (C«Ht40aN4,HNO.)», 
AgNOj, m.p. 170®-172°; the picrate C^.40.N4, 
C.H.O.N.. m.D. 20C®-201®. is anarincrlv soliihlA 
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100 parts of water at 16** dissolve 0'22 part; the 
picrcimaU CgH| 40 aN 4 ,CioHt 05 N 4 , m.p. 248®, 
100 c.o. of water at 16® dissolve 0 03 grams of 
salt; the ^-naphthalene etdphomte C4H14O.N4' 
S0a‘Ci4ll7,}H40 has m.p. 86°-90° (Beisser, f.o,). 

f-Arginine is formed by treating dl-arginine 
carbonate with the expressed juice of calf’s 
liver, the ferment arginaae present in the extract 
destroys the d-arginine, and does not attack the 
l»vo- isomeride. With the exception of the 
difference in optical activity, the salts of I- 
arginine are identical with those of the dextro- 
isomeride, l-arginine hydrochloride has [0]^®° 
— 20*51* (Reisser, f.c.). M. A. YL 

ARGININE. This name has also been given 
to an alkaloid discovered by Quiroga (J. Pharm. 
Chim. 1896, 16, 293) in a species of hiurel (known 
by the natives as viraro-mi)^ mowing in the east 
of the Argentine and west of Brazil. It forms 
rismatio crystals, soluble in chloroform or 
onzene, slightly soluble in ether, petroleum 
spirit, or water. Its aqueous solutions, 
acidified with hydrochloric acid, give a white 
ppt. with bromine water and a white ppt. 
\vith alkali soluble in excess. The bark and 
cambium contain 1*6-1 -6 p.c., the wood 0*04- 
0*06 p.c. of the alkaloid. II. 1. 

ARGOFERMENT. A trade name for a form 
of colloidal silver. 

ARGOL or ARGAL. {Tartre brut, Fr. ; 
Weinstein, Ger.) Crude potassium bitartrate, 
known as red argol {Cremore di Viruuxia), or 
white argol {Cremore di St. Artimo), according 
to whether it is deposited from the red or the 
white grape (v. Tabtabic acid). 

ARGON. Sym. A or Ar. At. wt. and 
molec. wt. 39*88. As long ago as 1786, Caven- 
dish (PhU. ^ans. 76, 372) made experiments 
in order to determine whether the inert residue 
left aBer withdrawing oxygen, water, and 
carbon dioxide from air was homogeneous. 
He sparked a mixture of air and oxygen 
in presence of potash for the absorption of the 
acid produced, and removed the excess of 
oxygen by a solution of liver of sulphur. Only 
a small bubble of gas remained unabsorbed, 
and this did not dinunish in volume on further 
sparking with oxygen. Cavendish concluded 
‘ that if there is any part of the * nitrogen * of our 
atmosphere which differs from the rest, and 
cannot be reduced to nitrous acid, we may safely 
conclude that it is not more than part of 
the whole.’ 

Cavendish's work was overlooked for more 
tiian a century, and attention was only directed 
to it after the discovery, in 1894, by Lord 
Rayleigh (Roy. Soc. Proc. 66, 340), that the 
density of ‘atmospheric nitrogen’ was one- 
half per cent, higher than that of nitrogen 
prepared by chemical means. This result gave 
iresn indication of the existence of some hitherto 
undiscovered gas in the atmosphere, and further 
investigations, carried out jointly by Rajdeigh 
and Ramsay (Phil. Trans. 186, 187), led to the 
isolation of a new gaseous element. The gas, 
which has a density of approximately 20, and 
which constitutes nearly 1 p.o. by volume of the 
atmosphere, was call^ argon, owing to its 
remar^ble chemical inertness, in virtue of which 
it can be readily separated from the accom- 


Argon occurs in the atmosphere to the 
extent of 1’3 p.o. by weight (I^uo, ^mpt. 
rend. 123, 806) and 0*933 p.o. by volume 
^ohloesing, Compt. rend. 121, 604; Moissan, 
Compt. rend. 137, 600). It also occurs in a 
large number of mineral waters and thermal 
sprmgs (Bouchard, Compt. rend. 121, 392; 
Troost and Ouvrard, ibid. 121, 798 ; Moissan, 
ibid. 135, 1278; Moureu, ibid. 135, 1336; 142, 
1155), and in the volcanic gases of Mt. Pele'e 
(Moissan, Compt. rend. 135, 1085) ; it is found, 
moreover, in firo damp and in coal (Sohloesing, 
Compt. rend. 123, 233). Argon has also been 
observed, together with hdium, in the gas 
evolved on heating numerous minerals. 

Preparation. -^{i.) By sparking air with 
oxygen, the method oruinally employed by 
Cavendish (v. supra). The gas is preferably 
confined over mercury, and a small quantity 
of potash introduced through a curved pipette. 
The sparks are passed between the ends of 
stout platinum wires, fused through the ends 
of U-shaped glass tubes. These tubes are filled 
with mercury, and serve to establish elec- 
trical connection with the secondary terminals 
of a Ruhmkorff coil capable of giving a 6-inch 
spark through air when worked by four lead 
accumulators. The sparking is usually con- 
tinued for several hours after contraction has 
ceased ; the excess of oxygen is then absorbed 
by phosphorus (Rayleigh and Ramsay, l.o . ; 
Rayleigh, Chem. Soc. ]^oo. 13, 181 ; Becker, 
Z. £lek. 9, 600). To save time, it is customary 
to prepare by method (ii.) a gas consisting 
mainly of argon, and to employ the method 
of sparking only to remove tne last traces of 
active gases. 

(ii.) From * atmospheric nitrogen,^ the nitrogen 
being absorbed by a metal. In their original 
investigation, Rayleigh and Ramsay separated 
argon from nitrogen by continuously circulating 
the mixture over red-hot magnesium shavings, 
whereby the nitrogen was absorbed, forming 
magnesium nitride (c/. Ramsay and Travers, 
Roy. Soc. Proc. 64, 183). This method is no 
longer used ; a dry mixture of pure lime (6 parts) 
and magnesium dust (3 parts), introduced by 
Maquenne, is employed instead, which, when 
heated to redness, produces metallic calcium 
and absorbs nitrogen with great rapidity. By 
passing atmospheric nitrogen over this red-hot 
mixture, and leading the residual gas over 
metallic calcium heated to dull redness, complete 
absorption of the nitrogen is readily effected 
(Moissan and Rigaut, Compt. rend. 137, 773). 
Metallic lithium has also been employed for 
the same purpose (Guntz, Compt. rend. 120, 
777; 123,995). 

(iii.) The readiest moans of preparing argon 
in quantity consists in leading air slo\riy over 
a mixture of calcium carbide (90 p.c.) and 
calcium chloride (10 p.o.) heated to 800®, the 
mixture having previously been heated under 
diminished pressure to (uive off any volatile 
matter. Both oxygen and nitrogen c^gsMibsorbed 
by the mixture. The issuing gas is led over hot 
copper oxide to bum anjr hydrogen, hydro- 
carbons, and carbon monoxide present, and the 
water vapour and carbon dioxide removed. 
Using 7 kuos. of carbide, 11 litrM of aigon may 
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Ber. 41, 2017). The cyanamide process is used 
in America as a means of producing argon in 
quantity. Nitrogen obtains from the air bv 
the copper process is repeatedly passed through 
the cyanamide furnaces until concentrate 
aigon remains. It is employed in the electric 
lamp industry, ef. Bodenstein and Wachenheim, 
(Ber. 1918, 51, 265). 

The gas prepared by the above methods 
contains traces of the other inert gases neon, 
krypton, and xenon, from which it is separated 
by fractional condensation and evaporation 
(Ramsay and Travers, Roy. Soo. Proc. (17, 329 ; 
Livemg and Dewar, Roy. Soo. Proc. 68, 389). 
The total quantity of these gases present is, 
however, only 0*25 p.o., and 85 p.c. of this 
impurity is neon. 

The commercial oxygen made from liquid 
air contains about 3 p.c. of argon (Claude ; 
Morey). The liquid mixture is then distilled ; 
the oxygen condenses and the argon passes on. 
There is obtained a gaseous mixture containing 
75-80 p.o. of argon and 1-2 p.c. of nitrogen ; the 
remainder being oxygen, which may bo removed 
by combustion with hydrogen. 

Argon may be obtained by passing cooled 
compressed air downwards through a rectifying 
column and bath of boiling oxygon at the base. 
The liquid air flows over to the ii^hor part of the 
column, the interior of which consists of an inner 
chamber with draw-ofif cocks at dilTerent levels. 
In this tho mixture is separated into purer 
oxygon, and a rich argon mixture, which can bo 
used for electric lamps (Eng. Pat. 101800, 1916). 
Fonda and Conoral Electric Co. (U.S. Pat 
1211125, 1017) produce a liquid with 94 p.c. 
oxygen and 4 p.c. argon, and fractionate it on 
the counter-current prineifdo in such a manner 
that argon is removed at the top and oxygen at 
the bottom of the apparatus (Reports of the 
Progress of Appl. Chom. 1917, 11, 201). 

Argon is a colourless gas, condoiiMing to a 
colourless liquid, boiling at 8lV9‘^ aUs. ( -- 186 1®- 
186*07760 mm.) (F. Fiicher and Froboe&e, Ber. 
101 1 , 44, 92), at which temperature its density 
is 1 *4046 ( Buly. and Domian, Chem. ISoc. Trans. 
81, 014). A normal litre weighs 1*78376 at 0°, 
and 760 mm. (ydiult/.e, Ann. Physik. 1015 [iv.], 
48, 209), coeliicient of dilatation 3^3669*10® 
(8‘^-32®). Its ra.p. is 83*4® abs. (-189*6®), its 
critical temperature is 156*6® abs. (-117*4®- 
122*44®) (Crommelin), and its critical pressure 
IS 52*9 atmos. (Ramsay and Travers, Roy. Soc. 
Proo. 67, 329). 

The vapour pressures of liquid argon arc 
represented by the formula log p—4*86033— 
634*391Td-3076909T*-J07G464T^ For solid 
argon the observations are best expressed by 
the formula log p— A/T+BT+Dlog T-f-C in 
which A==+9034*32, B=^-l*42112, C-=- 

1014*0278, and D=^ -f 633 0276. The molecular 
latent iicat increases from 12*92 at —125*49® to 
24 01® at -140*80®, and 36*00 (cal.) at -183*06® j 
(Crominelm, Proc. K. Akad. Wetcnsch. Amster- 
dam, 10nS6, 477 ; 1014. 17, 276). 

Argon is more soluble in water than nitrogen, 
the absorption coefficient being 0*02661, at 1®, 
and falling regularly to 0*02567 at 50® 
(Estreioher, Zeitsch. phys. Chem. 31, 176) ; these 
teures may, however, oe in error by 6 jp.o. (v. 
Fox, Chem. News, 09, 250). The relative 


index of the gas for sodium light at N.T.P. is 
1*0002837 (Burton, Roy. Soc. Proc. 1908, 80, 
390); its thermal conductivity is 0*00003804 
(Schwaizo, Pogg. Ann. 11, (iv.) 303) ; and its 
molecular specific heat at constant volume 
is 2*977 cals. (Pier, Z. Elek. 15, 636; 
Heuse Ann. de Physik, 1919, 50, 86). Its 
coefficient of expansion is 0*003668 (Kuenen 
and Randall, Roy, Soc. Proc. 59, 60). Argon 
passes through rubber more quickly than 
nitrogen (Raleigh, Phil. Mag. 49, (v.) 220) or 
carbon dioxide (Kistiakowski, J. Russ. Chem. 
Soc. 30, 576), and docs not pass throi^h heated 
platinum or palladium ; it is di^agnetic 
(Tanzler, Pogg. Ann. 24, (iv.) 931). (For its 
rate of oflusion, v. Donnan (Phil. Mag. 49, (v.) 
423).) 

The density of argon has been determined 
by several observers, with the following results : 
(0 — 10); 19*940 (Rayleigh, Roy. Soc. Proc. 
69, 201), 19*941 (Ramsay, Phil Trans. 186, 238) ; 
10*046 (Fischer and Ifalmel, Ber. 43, 1436). 
Argon is a member of tho group of inert gases, 
and up to tho present all attempts to combine 
it with other elements have failed (Rayleigh and 
Ramsay, Lc. ; but cf. Cooke, Zcitsch. physikal. 
Chem. 66, 637). 

Atomic and molecular weight. The molecular 
weight, 39*88, follows from the density determi 
nations just cited ; but the atomic weight cannot 
bo determined in the usual manner, since arg^on 
forms no compounds with other elements. The 
ratio of tho specilio heat at constant pressure 
to the specific heat at constant volume is 1*644 
(Rayleigii ami Ramsay, l.c,), and this result, 
from analogy with tho case of mercury vapour 
and by comparison with tho ratio 1*660 theoreti- 
cally required for a monatomic gas according 
to the kinetic theory, is regarded as proof that 
argon is monatomic. Its atomic weight is 
therefore 39*88, 39*91 hO 01 (Leduc, Ann. Phys. 
1018, 0, 6), coefficient of departure from 

Boyle’s Law 10*2, 10-® between I and 6 atmos. 
mol. vol. 0*009 at 0® and 760 mm. 

Spectrum. This is extremely characteristic, 
and has been carefully examined by Crookes 
(Pliil. Trans. 186, 243), Kayser (Chem. News, 
72, 90), Edor and Valonta (Monatsh. 16, 893 ; 17, 
60), and by Trowbridge and Richards (Phil, 
Mag. 43, (5) 77 ; Staid (Zeitsch. wiss. Photo- 
chem. 1911, 9, 302); Stead (Proc. Camb. Phil. 
Soc. 1912, 16, 607). The most prominent lines 
are two in the red, having wave lengths of 
6966*0 and 7056 4, a yellow line (6038*4), two 
green lines (5610 and 4702), and a violet line 
(4200). 

ARGONIN. Silver casein. 

ARGULAN. Trade name for the mercury 
compound of dimethylphenylpyrazolene sulpha- 
mme. 

ARGYRODITE. A sulpho-germaniate of 
Silver, being the mineral in which the element 
germanium was discovered in 1886. It had, 
however, been mentioned by A. Breithaupt in 
1823, under the name Plusinglanz. These 
occurrences in the Himmelsfiirst silver-mine 
at Freiberg, Saxony, show only botryoidal 
crusts with a minutely crystalused surface. 
Later, the mineral was found as dietinot. though 
small, cubic crystals in Bolivia, analyais of 
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which proved the formula to be AgsGeSc (S. L. 
Pmifiela, 1893 and 1894). More recently, cubic 
c^stab of lamr size (3-S cm. across ; sp.gr. 
3'236) from &lqueohaca, Bolivia, have omd 
described and analysed (V. M. Goldschmidt, 
1908). At this locality the mineral appears to be 
not uncommon, and no doubt large quantities 
of it have been smelted for silver. In external 
appearance it is not unlike aigentite, but is less 
sectile than this. 

In the Bolivian mineral the germanium may 
be replaced isomorphously by tin, giving the 
species canfieldite Agt,SziS« (Penfield, 1894). 
Intermediate members of this series, or stanni- 
ferous aigyrodite, also occur (Prior and Spencer, 
1898). L. J. S. 

AROYROL. Syn. for silver- vitellin. 
ARHEOL. Trade name for santabol. 
ARHOIN. Trade name for an addition 

S roduct of diphenylamino and ctliylthymyl- 
onzoate. 

ARIBINE CasHaoN,.81IaO, m.p. 229° 
(anhydr.) is a crystalline diacid ditertiary 
alkaloid from the bark of Arartba rubra, a 
Brazilian tree. Tlic* bark is used for dying wool 
red (iloith and Wohler, Annalen, 1861, 120, 274). 
Aribme is one of the very few solid alkaloids 
free from oxygon, and sublimes on careful 
heating. 

ARISTIMC ACID C.Jl.gOjN, greenish- 
yellow needles, in.]). 275° (dccoinp.). Occurs 
with arintidinic acid C|h 11|30,N, and armiohe 
aetd 0,5Hti07N, m Aristolochia aryenlirui 
(Oriw'b.) (Hesse, Arch. Pharm. 1895, 233, 
684). 

ARISTOCHIN or ARISTOQUININE. Trade 
name fordi-quiniiio carbonate C0(0 ^20^^23^30). 

ARISTOL. Ditliymol di-iodido used as an 
iodoform substitute. V. Iodobobm. 

ARISTOLOCHINE OnllnOvN (or 
C32H230i3Na ?), orange-yellow nccdle.s, decom- 
posing at 2 1 5°. Occurs in Aristolochia (JUrnalitis 
(Linn.) and A. rotunda (Linn.). It is a weakly 
acid base (Pohl, Arch. expt. Path. Pharm. 1891, 
29, 282). According to Hesse (Arch. Pharm. 
1895, 233, ()84) aristolochino is a homologue of 
aristolic aci<l (see under Arisiinic ocid). The 
alkaloid is highly toxic. G. B. 

ARJUN WAX r. Waxes. 

ARMENIAN BOLE v. Piomebts. 

APNATTO V. ANNA'rro. 

ARNICA V. Resins. 

ARNICA YELLOW v. Azo- colovbinq 
matters. 

ARNOTTO V. Annatto. 

AROMATIC VINEGAR v. Acetic acid. 

ARRACK. {Arack and Rack, Fr. ; Arrack : 
Reisbranntwein, Ocr.) The term * araq * or 
* arak ’ was applied by the Arabs to distilled 
spirits generally, but it is now usually restricted 
to th» spirituous liquor obtained by distillation 
of the fermented juice of the coco-nut palm 
(toddy or palm wine), or from rice, or from a 
mixture of noth. Arrack is also made from the 
succulent flowers of the Bassia genus of trees 
and from other vegetable products, and is 


manufactured not only in the East, but also in 
the West Indies. 

Where rice is used, it is steeped in water 
in laige vats and agitat^ cautiously (so as not to 
damage the grains, which would interfere with 
the subsequent fermentation) until about half 
the rice has b^un to germinate. The water 
IS then run off from oolow, and toddy or 
molasses or a mixture of those is added to the 
rice. The whole is allowed to ferment, and the 
mixture is then distilled. 

This method, which is said to produce tlie 
best quality of arrack, obtains at Batavia and 
in Jamaica, but in India arrack is frequently 
made from toddy alone. 

The best qualities of arrack are agreeable 
to the taste and wholesome, which cannot be 
said of the commoner kind made from rice 
alone, in some parts of India and China. This 
has a somewhat nauseous odour and tasto, 
due to a volatile oil which distils from the rice, 
and is narcotic and very unwholesome. Its 
intoxicating effect is frequently increased liy 
the addition of hemp loaves, poppy heads, 
stramonium jtiico, &e. 

A large amount of revenue is obtained from 
the manufacture of ariaek in Siam and (Vyloii, 
and the latter exports a eonsidorahlo quantity 
to the United Kmgdoin, where it is used os a 
valuable ingredient in making ‘punch. 

An imitation arrack is sometimes made by 
flavouring rum with flowers of benjamin or 
benzoic acid. ^ J. C. 

ARRHENAL. Disodium methylarsinate. 
See Akskmcalh, ouoanio. 

ARROPE. Sherry boiled to a syrup used for 
colounng other wines. 

ARROWROOT. Tho starch obtained from 
the rhizomes of Maranta arundinacca, grown in 
tho West Indies, '[’ho starch prepared from 
other roots is often known locally as arrowroot ; 
(\g, in Queensland, where tho tubers of Canua 
cdulis supply such a product. 

Tho composition of tho roots of true arrow- 
root grown in Jamaica is ; 

Dcxtiiii Crude Ether 

Water Starch uiui HUifar llbre extract Protoid Ash 
63*4 27*8 2T 3*9 0*2 10 0*9 

(Leuscher, Zoit. ofTcnil. Chem. 1002, 8, 23.) 

Commercial arrowroot contains from 83 '6 to 
86’9 p.c. starch, ll’O to 15 n.c. water, proteins 
from 0*4 to 1*4 p.c., witn small quantities 
{circa 0*3 p.c.) of ash, cellulose, and fat. 

(For a series of analyses of arrowroots, 
ftom various sources, see Ballard, Jour. Pharm, 
1903, 17, [10] 476.) H. I. 

ARSACETIN. The sodium salt of acetyl- 
p-aminophenyl arsenic acid — 

/OH 

CH,'CO*NHCeH4-A8fO 

(v. Absenicals, Oboanic). 

ARSACETIN-QUININE. A mixture of 43 p.c. 
arsacetin and 54 p.o. of quinine. 

'AR8ALYT. Bismethylaminotetra-aminoEr* 
senobenzene. 
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ARSAMIN. Trade name for sodium arsani- 
late. Used in the treatment of sleeping sickness 
and other diseases of protozoal origin. 

AR8AN. Glidin preparation of silver. 

ARSANILIC ACID. p-Aminophenylarsinio 
acid. iSfes Absenioals, Obgamic. 

ARSENIC. {Aratnic^ Fr. ; Aratnic^ Araen, 
Qor.) SchwerbenkobaU, Fhegengift, Napfehenko- 
baU Araenicum. Regulua Araentci, Symbol, 
As ; at. wt. 74*96. 

Occurrence. — Arsenic, in small quantities, is 
one of the most widely distributed elements; 
it is found in mineral and other waters, m sea- 
water and in sea-weeds, in eoal smoke, in most 
pyretie minerals, and in a large number of ores. 

In England it occurs principally with tin ore^ 
and on the Continent m miapickel. Arsenic 
occurs native (usually associated with iron, 
cobalt, nickel, antimony, and silver) in crystal- 
line rocks and in the older schists, generally in 
reniform and stalactitic masses, often mammil- 
lated; it also occurs occasionally in rhombo- 
hedral crystals. At Zimeoff in Siberia, largo 
masses are found ; it occurs in the silver-mines 
of Freiberg, Annaberg, Marienberg, and Sehnoe- 
berg in Saxony ; at Joachimsthtu in Bohemia, 
Anurcasberg in the Hartz, Kapnik in Transyl- 
vania, Orawitza in the Banat, Kongsberg in 
Norway, 8t. Marie-aux-Mines in Alsace, in 
Borneo, and in the United States. 

As aratntde it occurs combined \iith iron in 
two forms FoAs^ and Fc^As^ ; with nickel as 
Kupfernickel NiAs and NiAs, ; with cobalt as 
tin white cobaltf CoAs,. With antimony it 
occurs as araenical antimony^ at Przibram in 
Bohemia ; with blende, antimony and spathic 
iron, at Allemont, at Schladming in Styria and 
Aiidreasberg in the Hartz. 

Arsenic is generally present in native sulphur. 
Combined with sulphur it occurs as reahjar or 
ruby aulphur AsoS* in Hungary, Saxony, 
Switzerland, and China ; and as orpiment As^Sj 
in Hungary and the Hartz. 

With aulphur and iron it occurs as miapickel, 
araenical pyritea,OT white mundtc FeS^FeAcj ; with 
sulphur and cobalt in cobalt glance CoS,CoA8| ; 
in nickel glance NiSsNiAs,, and in a number 
of other ores, being obtained as a secondary 
product in the roasting of tin and copper 
oreat copper nickel, araenical fahl area, amaUine, 
cobalt and nickel glance, Ac. 

With oTcy^n, arsenic occurs as araendite or 
aratniU As^O^, usually as a crust on other 
arsenical minerals, being formed by their de- 
composition. With oxygen and cobalt, it forms 
cobaB bloom or araenaie of cobalt ; it also occurs 
as arsenates of iron, copper, and lead. 

Preparation* — Metallic arsenic is used only 
to a small extent in commerce. It is usually 
prepared from native arsenic, arsenical iron, or 
misniokel, the latter being the only mineral 
used to any extent in England. The mineral 
used is heated in earthenware retorts or tubes 
laid horizontally in a long furnace. Groat care 
is zequimL in manufacturing the retorts ; a 
mixture of 1 part fresh clay and 2 parts bricks 
or old retorts powdered, is made into the proper 
form, coated with a mixture of blood, loam, 
forge-scales and sium to produce the glaze, and 
burned. They are very strong and heat-resist- { 


I ing, and quite impervious to the vapour of 
arsenic. A piece of thin iron sheet is rolled and 
inserted into the mouth of the retort, and an 
earthen receiver luted on. On distilli^, most 
of the arsenic condenses in the iron as a nearly 
white, coherent, internally crystalline mass, and 
is detached on cooling by unrolling the iron. 
If required, the arsenic is purified by redistilla- 
tjon. 

At Altenberg in Silesia, arsenious oxide is 
heated with clmrcoal in an earthen crucible 
I covered w ith an inverted crucible or conical iron 
cap. This method is more economical and pro- 
ductive than the one above described, but 
metal is grey and pulverulent, and always con- 
tains arsenious acid. 

It may also be prepared by heating the 
sulphides with charcoal and sodium carbonate 
or potassium cyanide. 

Propertiea. — Arsenic is a very brittle steel- 

a metalline mass of sp.gr. 6*62 to 6*96, of 
lant lustre, crystallising in rhombohedra, 
isomorphous with metallic antimony. It is n 
good conductor of electricity, and is odourless 
and tasteless. 

It is volatile at temperatures above 100°, and 
IS rapidly vaporised at a dull-red heat. At the 
ordinary pressure it volatilises without previous 
fusion, the vapour being yellow and of a garlic 
smell, but when heated under pressure it melts 
at 860°(±10°) (817°, Gouban. Compt. rend. 
1914, 168, 121 ; 852° Hcike, Intern. Zeitsch. 
Metallographie, 1914, 6, 49). Joubert states 
that above 200° its vapour is phosphorescent 
(Compt. rend. 78, 1863). 

When the vapour is condensed at a tempera- 
I ture but little below the volatilising point, t.e. 

I when condensed in an atmosphere of arsenic, a 
nearly white compact mass of strongly metallic 
lustre is produced which scarcely oxidises in the 
air even when heated to 80°. When it is de- 
posited on a coldoR surface or in an atmosphere 
other than arsemc, it forms less dense, dark-grey 
crystals which readily oxidise in the air even in 
-the cold, and especially on heating. 

Ludwig (Arch. Pharm. [2] 97, 23) has 
obtamod arsenic (?) with a perfectly bright sur- 
face resembling freshly granulated zinc, and of 
the low density 6*396, by distilling in a tube with 
a small quantity of iodine. 

Bettendorf (Annalon, 144, 110) has obtained 
a specular, amorphous, vitreous arsenic of sp.gr. 
4*69-4*716 by subliming arsenic in a stream of 
hydrogen and condensing it at 210°-220°. At 
360° it is converted into the crystalline form 
with the evolution of considerable heat, and 
when heated suddenly it hisses and gives of! 
vapour whilst transforming. 

There is a yellow form of arsenic of 
2*03 crystallising in the regular system. These 
various modifications are regarded as due to 
differences in molecular conmlexity, or as arising 
from the same quantity of matter distributed 
throughout a varying space (Kohlschiitter, 
Frank and Ehlers, Annalen, 1913, 400, 268 ; 
Durrant, Chem. Soc. Trans. 1919, 134).* Col- 
loidal arsenic is known and would appear to be 
soluble in carbon disulphide. 

When heated in air it absorbs oxygen, burn- 
ing with a bluish flame and forming arsenious 
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oxide. In pure water it is unaltered, but when 
exposed to air it forms a grey powder supposed 
bv some to be a suboxide, but probably a mixture 
of metallic arsenic and arsenious oxide; this 
powder is sold as * fly-powder.’ When powdered 
and thrown into chlorine, it ignites, forming the 
trichloride ; with the aid of heat it combines with 
bromine, iodine, and sulphur. Hydrochloric 
acid has but little action on arsenic, but it is 
rapidly dissolved by nitric acid, aqtui regia, or 
by a mixture of hydj^hlorio acid and potassium 
chlorate. • 

When deflagrated with nitre it forms potas- 
sium arsenate. 

Arsenic is a constituent of manv alloys ; it 
is used for bronzing brass and for the manufac- 
ture of opal glass. 

(For the distribution of arsenic in commercial 
products, V. Arsentous oxide.) 

Detection. — Arsenical compounds, when 
heated on charcoal, give of! the characteristic 
garlic odour and white fumes of the oxide, with 
a white mcrustation on the charcoal some dis- 
tance from the assay. Metallic arsenic, and 
many arsenical minerals, such as mispickel, when 
heated in a tube closed at one end, form a 
blackish, shining metallic ring on the cooler 
portion of the tube ; if heatea in a tube open 
at both ends, the arsenic is oxidised, and con- I 
denses in a ring of white octahedral crystals, 
their shape being plainly visible under a lens. 
On cutting off the closed end of the tube con- 
taining the metallic mirror, and heating, it is 
also converted into the white ring higner up 
the tube. The white crystals dissolve in boiling 
water, and the solution shows the usual tests 
for arsenic. Antimony under like circumstances 
would produce a white ring, which, however, is 
not crystalline, and is not soluble in water. 
Oxides of arsenic require to be mixed with 
charcoal before they produce the black mirror. 
Sulphides require the addition of alkaline car- 
bonate or potassium cyanide, or they may be 
heated with baryta alone (Brame). 

White arsenic when heated with about 3 
parts of sodium acetate, gives the offensive smell 
of kakodyl. 

In solution the reactions of the two series of 
compounds, the arsenious and tne arsenic, differ 
considerably ; generally speaking, arsenic com- 
pounds may be converted into the arsenious 
form by heating with sulphurous acid or with 
a sulphite. 

Reinsch'e test. If a piece of clean metallic 
copper is immersed in a solution of arsenious 
acid or an arsenious compound acidulated with 
pure hydrochloric acid, it is coated with a grey 
film, which is probably an arsenide of copper. 
The action proceeds better at the boiling tern- j 
perature. The acid must first be tested in the 
same manner to ensure the absence of arsenic, 
which is always present in the commercial acid. 
The metal is washed, dried gently and heated 
in a tube, when the arsenic becomes oxidised 
and forms a try^kJXi'M ring on the colder part of 
the tube. A film due to antimony, as mentioned 
before, would not produce a crystalline ring. 

This method is used in testing for and re- 
moving arsenic from hydrochloric acid, and in 
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toxicology; by it 1 part of ocacnio can be 
detected m 260,000 parts of solution. 

It is not so delicate as Marsh’s or the electro- 
lytic method. 

When hydrogen is generated in a liquid con- 
taining an arsenious compound, the arsenic 
combines with it and pewses off as the gaseous 
hydride ; many very delicate tests are bMed on 
this reaction. 

( 1) Fleitmann*a test, O'ho solution is mixed 
with excess of caustic potash, a piece of pure 
zinc, or of magnesium, or aluminium foil in- 
serted, and the solution heated. A piece of filter 
paper moistened with silver nitrate is held over 
the mouth of the tube. In presence of arsenic, 
arseniurotted hydrogen is produced and reduces 
the silver on the paper forming a greyish or 
purplish colour. Antimony is not evolved in 
this test. Fleitmann's test is therefore a ready 
means of finding arsenic in presence of antimony ; 
it is not, however, so delicate as Reinschw, 
Marsh’s, or the electrolytic method. Or instead 
of silver nitrate tho paper (preferably Miohallct 
drawing paper), cut into strips, may bo soaked in 
a 1 p.o. solution of mercuric chloride and, 
after drying, exposed to the gas, when the 
arseniuretted hydrogen produces a stain. 

Outzeit teat. For a convenient form of 
apparatus for making this test, adapted to works 
practice, see Hollins, Jour. 8oc. Chem. liid. 1917, 
36, 676. 

(2) Marah*a teat. This or Kcinsch's test is 
usually used in toxicology. Tho solution is 
acidulated with pure hydrochloric acid and in- 
troduced into an apparatus in which hydrogen id 
generated by means of pure sulphuric acid and 
zinc. Arsenic hydride is formed and is passed 
through a narrow glass tube, which is heated at 
one spot by a lamp ; the arseniuretted hydrogen 
as it passes over the heated portion is decom- 
posed with the precipitation of arsenic as a black 
ring. In testing for very small quantities of 
arsenic, the action should be continued for about 
an hour. A blank experiment should always be 
performed in the same manner to ensure the 
purity of the zinc and acid. It is essential not 
only to obtain zinc and acid which are free from 
traces of arsenic, but also to see that the zinc 
used is ‘ sensitive,’ and will permit all the arsenic 
in the solution to be evolved as arseniuretted 
hydrogen. The presence in the solution of 
certain metals — notably iron — is liable to retard, 
or entirely prevent, the evolution of arseniuretted 
hydrogen. (On the presence of arsenic in glass 
as a source of error m the detection of arsenic, 
V. W. Fresenius, Zeitsch. anal. Chem. 22, 397 ; 
Ber. 17, 2938.) Instead of heating the tube, the 
gas may be ignited at the mouth of the tube, and 
the flame caused to impinge on a cold surface of 
porcelain, or preferably of platinum foil. The 
arsenic film may be distinguished from that 
produced by antimony as foflows : — 

(1) The arsenic film is quickly evaporated, 
while that of antimony only slowly disappears. 
Helling (Das Microscop in der ToxicSiBgie) re- 
commends that small spots be Wted and the 
vapour received on a slip of glass, when, under 
the miorosoopHS, the octahedral crystals due to 
arsenic are visible. 
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(2) The arBenio film quickly dissolves in a 
freshly prepared solution of sodium hypo- 
chlorite ; toe antimony film is very slowly 
soluble. Old hypochlorite solutions contain 
chlorite which dissolves the antimony mirror. 

(3) The antimony film dissolves quickly in 
yellow ammonium sulphide, leaving an orange- 
yellow residue on evaporation ; the arsenic film 
dissolves very slowly. 

Magnesium may also be employed in place of 
zinc, and E. Davy and Al. Jandousch uso an 
amalgam of 1 part sodium in 8 parts mercury, 
witli or without acid. 

The presence of nitrates or nitric acid inter- 
feres with this tost, and the acids used should 
be dilute. 

BfUcndorfu teH. A solution of stannous 
chloride in concentrated hydrochloric acid is 
mixed in a test-tube with a solution of the 
substance in hydrochloric acid, and heated to 
boiling, when a brown colouration indicates the 
presence of arsenic. 

For the detection of small quantities of 
arsenic in toxicology, Billetor (llclv. Chim. Arta, 
1918, 1, 476; Analyst, 1919, 51) recommends 
that the substance be treated with nitric and 
sulphuric acids to destroy organic matter, the 
sulnhuric acid solution tnen distilled with the 
admtion of so<Uum chloride and potassiiim 
bromide, the distillate evanorated with the 
addition of hypoehloroiis aeid, and the residual 
solution tested in the Mar^h ajiparatuH The 
distdlation part of tlie process is essimtial to 
ensure removal of heavy metals, particularly 
mercury, traces of which completely mask the 
presence of relatively laige (piantitics of arsenic 
in the Marsh apparatus. The addition of 
hypoehloroiis acid during concentration of the 
hydrochlorio acid solution prevents loss of 
arsenic. 

(For the detection and estimation of aisenie 
by electrolytical methods, v. in ait. 

Analysis, Elkituo-ohemicai .) 

KstnnaLion . — ^Arsenic is usually estimated 
us (1) magnesium pyro-arsenate ; (2) as arsenic 
sulphide ; (3) as metallic arsenic. 

(1) For this method it is necessary that 
the Bubstaiico should bo present as an arsenic 
compound. The conversion from tlio arsenious 
to tno ai'senio condition may be cfTectcd by 
heating with nitric acid (i>. Estimation as 
sulphide) or iiydroohlorio acid and potassium 
chlorate. 

The acid solution, which should occupy only 
a small bulk, is mixed with * magnesia mixture ’ 
and rendered strongly alkaline with ammonia, 
After standing for 24 hours, the solution is 
filtered, the last portions of the precipitate, 
which consists of ammonium magnesium arsen- 
ate, being washed entirely on to the filter naper 
with a little of the filtrate (the volume of this 
filtrate should be noted roughly). The preci- 
pitate is then washed with a mixture of 1 part 
strong fti^monia and 3 parts water, until omy a 
slight o^escenoe is produced on the addition 
of nitric acid and silver nitrate to a few drops 
of the washings. It is then dried, detached as 
much as possible from the filter paper, and 
tranedened to a weighed porcelain crucible, 
moistened with nitric acid, dned» and ignited, at 


‘ first gently, and finally to bright redness. The 
! pa|)er is moistened with nitric acid, driod, and 
ignited on the lid, and the onicible and its 
contents weighed. The ignited residue consists 
of magnesium pyro-arsenate Mg^AsiOf, and 
contains 48*27 p.o. of arsenic. 

On account of the solubility of the ammonium 
magnesium arsenate, an addition should be 
made to the weight obtained of 0*001 gram for 
each 16 c.o. of filtrate obtained, not counting the 
washings. 

(2) The arsenic for this method should be 
in the arsenious form. If arsenic compounds 
are present, they are preferably reduced by 
passing a current of sulphurous acid through the 
liquid, the excess of that gas being driven off by 
subsequent heating. Sulphuretted hydrogen is 
then passed through the liquid until thoroughly 
saturated, the liquid left to stand for some time, 
the excess of sul]>hurettcd hydrogen driven off 
by heating, and the ]>rccipitated arsenious sul- 
phide containing sulphur filtered off. The sul- 
l>hide is dissolved in ammonia, filtered if neces- 
sary, and the arsenic estimated in the solution 
by one of the three following methods : — 

(a) '['he solution is evaporated to dryness in 
a porcelain dish, then covered with an mverted 
funnel, and fuming nitric acid added. After the 
first violent action has ceased, the liquid is 
heated on a water- bath until the whole of the 
sulphur has disappeared, and only a small bulk 
of liquid remains ; * magnesia mixture * is then 
added, followed by excess of ammonia, and the 
process folio well as already described. 

(&) The ammoiiincal Folution is evaporated 
to (iryncBs in a porcelain dish, and heated on a 
sand-bath to diivo off the whole of the free 
sulphur and carbonise any organic matter 
(vliich is frequently present in toxicological 
analysis) without volatilising any of the arsenious 
sulphide. The residue is ag.uii dissolved in 
ammonia, filtered if necessary, evaporated to 
dryness, and gently heated in a weighed porce- 
lain dish, and weighed as arsenious sulphide 
.V-SjS, (Mohr, Chem. Toxicologic, 50). 

(c) The iirsenio in the solution may be 
rstimalcHl by means of standard iodine bolution 
(Champion and Pollct, Bull. Soc. chim. [2J 26, 
5U). 

(3) For this method the arsenical mirror 
obtained by the Marsh-Bcrzolius method or the 
cleotrolytio method may be estimated by com- 
parison with standard mirrors obtained under 

I similar conditions to the estimation. Experience 
I has shown that when in the preparation of stand- 
ard mirrors, the quantities of arsenio used differ 
by amounts such as 0*002 milligram, a series of 
mirrors oan be obtained showing differences in 
intensity which are sufficiently distmot and 
constant to be utilised for comparison. 

Separation from other metals . — Certain heavy 
metals, if present, would be precipitated with 
the arsenious sulphide by means of sulphuretted 

» en. From the sulphides of lead, bismuth, 
e arsenious sulphide can be dissolved by 
digestion in ammonium sulphide. The solution 
would also oontain antimony and tin, if present. 
The separation of arsenic from these two metals 
may bo performed as follows : — 

"From antimony. The mixed sulphides are 
oxidised with o^ua regia, as already described, 
and tartaric acid solution added, followed by 
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ezoess of ammonium chloride and ammonia. | 
The latter should produce no ojwlesoence. If a j 
precipitate is produced, a fuiuier quantity of 
tartaric acid or ammonium chloride must be 
added. The solution is then precipitated by 
* magnesia miztnie/ and the estimation made , 
as before described. 

From tin, A solution of oxalic acid is , 
added to the solution in the proportion of 20 , 
grams of oxalic acid for each gram of tin sujp- | 
posed to be present. The solution should oe 
sufficiently strong for the acid to crystallise out 
on cooling. The liquid is heated to boiling and 
sulphuretted hydrogen passed through for 20 
minutes, The liquid is allowed to stand for 
about 30 minutes, and the arsenious sulphide 
filtered off. It is quite free from tin. 

Arsenious chloride in small quantities may be 
separated from other metals by distillation of the 
hydrochloric solution (Thorpe, Chcm. Soo. Trans. 
83, 071) ; in certain metals and alloys by 
distillation of the finely divided material with a 
suitable solution of ferric and calcium chlorides, 
acidified with hydrochloric acid (the materials 
used should be tested for arsenio). With a 
solution of zinc and cupric chlorides in hydro- 
chloric acid boiling at 108* both arsenio and 
antimony may be separated from other motals ; 
the arsenio is in the distillate from 108* to 115*, 
the antimony in the distillate from 116^ to 160* 
(Gibb, J. Soc. Chem. Ind. xx. 3). 

For the estimation of arsenic in ores, Parnell 
recommends the following method : — A weighed 
quantity of the finely poivdered ore is heated to 
about 200* in a slow current of chlorine gas, 
the volatilised arsenious chloride being absorbed 
in a solution of chlorine water. After evapora- 
tion of the excess of chlorine, the arsenio may 
bo estimated by any ordinary method. Anti- 
mony, if present in the ore, would also volatilise 
with the arsenio. 

For technical purposes the following methods 
are largely used : — 

A weighed portion is partially decomposed 
with a minimum quantity of strong; nitric acid, 
dried and fused with sodium peroxide or a mix- 
ture of sodium carbonate and nitre. The fused 
mass is extracted with water and filtered. The 
solution of alkaline arsenate is acidified with 
nitric acid and boiled to effect decomposition of 
cither peroxide or nitrite; it is next carefully 
neutralised and then acidified with acetic acid, 
and the arsenio determined by titration with a 
standard solution of uranium acetate. Pearce 
recommends separation as silver arsenate from 
the aqueous extract after fusion ; the silver 
salt is dissolved in dilute nitric acid and estimated 
by Volhard*s method. With very poor ores to 
the solution in nitric acid a sufficient quantity of 
tartaric acid is added, and the arsenio aerated 
as magnesium ammonium arsenate. For the 
estimation of arsenio in organic salts ignite with 
sodium peroxide, reduce with hvdriodio acid 
and titrate with iodine and starch in presence 
of disodium hydrogen phosphate (Morgan, Cheni. 
Soo. Trans. 1909, 96, 1477). 

Alloys of arsenio. 

Arsenic combines with most metals, in many 
cases in atomic proportions, the alloys being 
then known as arsenides. Many naturu 
arsenides occur as minerals. 

The elloys ms^ be prepared fl) by fusing 


the metals under a layer of borax, or in an 
atmosphere of some inert gas ; (2) by reducing the 
araenite or arsenate of the metal with potassium 
cyanide ; and (3) in some oases — as with gold, 
silver, and copper — by placing arsenio m a 
solution of a metallic sut. W. Spring (Ber. 16, 
324) has obtained oryetallino alloys of arsenio 
with other metals by repeatedly compressing a 
mixture of the oonstituents at 6600 atmo- 
spheres. 

When, heated out of contact with air, arsenical 
alloys usually lose a portion of their arsenic; 
heated in air the arsenio is oxidised, a portion 
volatilising, and the remainder forming an 
arsenito or arsenate of the metal. When heated 
with nitre, arsenates arc produced. (For a list 
of alloys of arsenio in atomic proportions, 
probably existing as arsenides, v. A. Dosoamps, 
Coinpt. rend. 686, 1022 and 1066. ) Some ancient 
copper spear-heads from Cyprus contained 
1*348 p.c. arsenic, and a bronze figure of 
the Ptolemaic period from Egypt contained 
1*479 p.c. 

The presenoe of arsenio generally renders 
an alloy more brittle, more fusible, and brighter. 
In Pattinson’s process it tends to render the 
crystals smaller, and thus lengthens the time 
required for draining. Its alloys with iron, zinc, 
and tin are brittle ; with gold and silver, brittle, 
and grey ; and with load and antimony, hard, 
buttle, and fusible. 'J'ho addition of from 3 to 6 

f iarts arsenio to 1000 lead (with occasionally 
itUe copper) causes the small shot in fallin 
down the tower to form spheres, instead c 
elongating, as they have otherwise a tendono, 
to do. The arsenio is frequently added in th 
proper proportions in the form of an allo^ o 
lead and arsenic known as ‘ temper * ; this i 
prepared by fusing together arsenious oxide am 
leaa. By heating a mixture of lead and arsoni 
to whiteness, Borthier obtained an alloy o 
the formula Pb^As, any excess of arsenio boyom 
that corre.-|)ondmg to this formula being vola 
tilised at that teiuiieraturo. With copper it 
forms white, malleable, dense, and fusible alloys. 
White eop^ior contains about 10 p.c. arsenic. 
Arsenic is also used in speculum metal, and 
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to frequently present in common Britannia metal 
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With potaasium and aodium arsenic forms 
alloys which evolve arseniuretted hydrogen when 
plac^ in water. With platinum it forms a 
fusible alloy, and was formerly used to facilitate 
the working of that metal. It forms an amalgam 
As,Hg, (Dumesnil, Compt. rend. 1011, 162, 
868 ). 

Anenfc trlhydrlde. Araenetted or araeni- 
uretted hydrogem, Araine. AsHg. This gas is 
formed whenever hydrogen is liberated in a 
solution contain^ arsenious acid or an arsenite, 
as when zinc is introduced into an acid solution 
of the substance. It is a colourless, neutral, 
disagreeably smelling gas, slightly soluble in 
water, and highly poisonous, even when much 
diluted. At a rea heat it decomposes into 
araenic and hydrogen. 

It can be condensed to a liquid, and forms a 
hydrate AsII„6HgO (De Forcrand). 

It is evolved in the bronzing of brass with 
arsenic, in tinning sheet iron and frequently in 
the desilverisation of lead with zinc and subse- 
quent heating of the argentiferous zinc with 
acid. It is a very powerful reducing agent, 
precipitating silver, gold, anri other metals from 
their solutions. Mctliods for the quantita- 
tive estimation of arsenic are based on this 
property. 

A solid hydride of arsenic HgAsg is formed 
by the action of an electric discharge on the 
trihydride in an ozoniser, or by the decomposi- 
tion of sodium arsenide; or, mixed with 
arsenic, by the action of the trihydride on 
solid alkali hydroxide followed by the addition of 
water : 

(1) A8H,-f3K0H=K,As+3H,0 

(2) 2K,As+6H,O=AsgHg+0KOH+2H, 

(Reckleben and Scheiber, Zeitsoh. anorg. Chom. 
1911, 70, 266). 

Anonlous oxide. Aratnioua acid. White 
arsenic. Flowers of arsenic ; commonly knomi 
as 'arsenic.* AsgOg. 

Preparation,^ — In Cornwall, Devon, and at 
Swansea, arsenious oxide is principally prmared 
by roasting mispickel, which occurs niixe^with 
iron and copper pyrites, tin ore, wolfram, blende, 
galena, Ac. These ores, if present in sufficient 
quantity, are separated as far as possible before 
roasting ; tinstone by washing the finely 
owdered ore, and the other minerals by 
and. Arsenious oxide is also largely prepared 
by roasting arsenical silver at Andreasberg, 
and from arsenical ores of nickel and co- 
balt. 

In ores from which arsenic is produced 
as a principal product, the arsenical pyrites 
generally occur to the amount of about 12 
p.c. 

The ores are usually roasted in a reverbera- 
toiy furnace. In a common form, the furnace 
bed is fl^t, 12~16 feet long and 7-9 feet wide 
in the middle ; the arch is about 2 feet above 
the bed, and sinks gradually towards the flue, 
at which end there is an iron door, through 
which the ore is raked (Eig. 1). 

From 8-15 owt. of the stamped dried ore is 
introduced through a hopper over the centre of 


the fire-bridge and spread over the furnace bed. 
The heat is raised to dull redness and the ore 
is frequently stirred to ensure thorough oxida- 
tion of the arsenic and sulphur. In about 10 
hours these have been expelled as oxides, and 
the arsenious oxide together with some of the 
sulphur collects in the flues. The spent ore 
is removed through an aperture in the bed, 
which is closed with an iron door during calci- 
nation. 

Two such furnaces are sometimes built side 
by side, separated by a wall, and with their flues 
uniting. The furnace beds slope gently towards 
a narrow fireplace. » In the first instance 
the ore is introduced through a number of 
doors on each side of the furnace.^ As the ore 
is worked downwards its place is instantly 
supplied by fresh ore throu^ an opening in the 
roof 

Brunton'a CaUiner is much used in Cornwall. 
It is practically a reverberatory furnace with a 
revolving bed. The bed is of firebrick resting 
on a cast-iron table, and is higher at the centre 
than at the periphery. It is usually 8 or 10 feet 
in diameter ; it revolves three or four times in 
an hour by steam or water power, about half- 
j horse power being required. There are two 
furnaces on opposite sides of the bed. 

I The dried and finely stamped ore is intro- 
duced through a hopper over the centre of the 
bed. Above the bed are fixed radially three cast- 
iron frames in which are fastened a number of 
equidistant iron scrapers shaped like the coulter 
of a plough and placed obliquely, so that, as tbo 
bed revolves, they turn the ore over and outwards 
towards the periphery of the bed. It is thus 
thoroughly roasted, and, on reaching the edge, 
falls into the chamber beneath. 

Oxland and Hocking*s Patent Calciner 
(English Pat. 1868, 2950) is largely used, espe- 
cially for * rank ' ores (Figs. 2 and 3). It consists 
of a wTOught-iron cylinder, which, if 32 feet in 
length, is lined with sufiicient firebrick to leave 
4 Feet clear internal diameter. Four longi- 
tudinal ribs of firebrick occur within the furnace, 
leaving sufficient space at the iippor end for the 
continuous supply of the ore. The cylinder is 
generally mounted in an inclined position, the 
slope being usually } to 1 inch per foot, and is 
turned by means of a turbine or water-wheel 
once in 8 or 10 minutes upon friction-wheels. 

The dried, finely powdered ore is introduced 
through an arohimMean screw, or from a hopper 
at the upper end, and in the revolution of the 
tube becomes lifted to a certain height by the 
ribs of firebrick, and falls in a mie stream 
through the hot blast. ^ In a few revolutions the 
ore is completely oxidised, the arsenic burning 
ofi first, and finiuly reaches the lower end of the 
tube, where it falls through a chamber beneath. 
A calciner of the above size will roast 6 to 7 
tons of ore in 24 hours. In this furnace the 
amount of air required is minimised, thus render- 
ing the condensation less difficult. The amount 
of fuel used is also small {v. further, Henderson, 
Proc. Roy. Inst. Mech. Enmeers, 1873). 

A momfication of this furnace was patented 
by R. A C. Oxland (Eng. Pat. 7286, 1886). It 
is so arranged that the products pass into the 
condensing chambers unmixed with other gases. 
At the lower end of the rotating tube is a cast- 
iron prolongation, heated externally by a grate 
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and a ^stem of flaaa ■urronndiiiff it At the 
end' of the prolongation ia a door lor remoTing 



the calcined produoto and a regulator for ad- 
mitting the required amount of lur. 


The practice in the West of England ia to 
uae these typea of furnace for apeoifio purpoaea, 
the Oxland type for calcination of selected 
mispiokel ore, usually the size of gravel; the 
Brunton and reverberatoiy type for the caloina- 



Fio. 4. — Vertical Section of ‘Poison 
Tower.* 


tion of concentrate produced in the washing of 
the tin ores. The small works favour the 
rcverb'^ratory furnace, and the large works the 
Brunton. More recently the Merton furnace 
has been installed by a few mines. It is an 
improved form of reverberatory furnace with 



several hearths in tiers and mechanical rakes 
for transferring the material progressively from 
one hearth to another. 

Roasting in muffle furnaces . — ^This process is 
used at Altenbeig (Figs. 4, 5, and 6) and at 
Reichenstein in Silesia (Figs. 7 and 8), where 
wood is cheap. 

The ore, reduced to a moderate size and 
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known as teXleieh, is introduced thronek an 
opening in the top in chaises of about 10 cwt. 
and spread 2 or 3 inches thick on the floor of 
the muffle. It is 
lint heated to red' 
ness, and then more 
gently, with the 
muffle door open, 
to oxidise the inosH 
thoroughly before 
sublimation. The 
operation is comple- 
ted in 11 or 12 hours. 

Condensation of 
the oxide. — The 
vapours passing off in the roasting are carried 
through chambers so arranged that the gases 
come in contact with a very large condensing 


These chambers are cleared at intervals, 
some every fortnight, those at Silesia once in 
two montns. Two sets of chambers are fre* 



Transverse Section. 


r 10. 



• Fig. 7. 

surface passing through a scries of chambers 
More escaping into the air. At tho Devon ( Jrcat 
Consols and other largo works, tho chani tiers 
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are made of thin brickwork covered with iron 
plates to assist the cooling of the gaseous oxide. 
The ores, before calcination, are dried over iron 
plates on the condensers. 


liOngftudlnal Section. 

6 Subliming Fu usage. 

quently used, so that one set may be working 
while the other is being cleared. 

The oxide produced by all processes except 
that of the muffle is known as * arsenical soot,* 
and is impure, containing carbon and sulphur 
compounds ; when so mixed it is of a dark-grey 
colour and requires to bo resublimcd. 

I1ie condensing chambers connected with 
the muffles in Silesia are in a lofty building 
Galled tho ‘ poison tower ’ {Giftthilrme)» Tho 
gaee.s traverse, by a sinuous course, a series of 
chambers, depositing the finest product in the 
lower ones, that in the upper chambers contain- 
ing sulphur. The chambers are cleared about 
every 2 months, and contain about 25 tons 
of white arsenic (‘ poison flour,* or Qiftmehl), 
Being comparatively pure, it docs not usually 
require refining, but may be at once con\erte(l 
into arsenical glass. *J'he workmen engaged in 
clearing the chambers are clothed in leathern 
garments with glased apertures for tho eyes, 
and wear wet cloths over their mouths and 
noses to absorb the irritating fumes. It is 
stated at Salzburg that only * arsenio-eaters * 
can perform this work continuously. 

Itrjining or reauhUmalxon. — For this purpose 
a roverberatory furnace is used, wliich is usually 
much shorter than that in which the calcination 
IS performed. The arsenical soot is charged 
from tho top and paddled down through doors 
at the side^more being added as it sublimes. 
The fuel used is smokeless, usually a mixture 
of anthracite and coke. 

Tho sublimate is collected in chambers 
similar to those already described. It is white, 
glistening, and minutely crystalline. It is 
ground ^tween millstones, and is thence fed 
into kegs from a hopper through a leathern 
hose which fastens to the top of tho cask and 
prevents any escape of the powder. 

Arsenic glass, or vitreous white arsenio, is 
red by volatilisation of the powder under 
it pressure. For this purpose, at Swansea, 
a cast-iron j^n is used 2 feet in diameter and 
surmounted oy a bell 2 feet 0 inches high. The 
pan is heated to a cherry red, and about J cwt. 
of refined white arsenio introduced through an 
opening in the top of the bell, which is then 
closed with a plug. In about 2 hours the whole 
has evaporated and condensed on the bell as a 
transparent glass ; more white arsenic is then 
introduced and condensed, until after 24 hours 
the class has reached a thickness of about 
1 intm. The later charges, owing to the con- 
densing surface being hotter, require about twice 
as long to condense as the first. 

At Silesia the subliming pots are deeper 
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ftnd of greater capacity ; they are eurmoimted 
by iron drums and oonioal caps, which oondonse 
the * glass ' and open into oondensins chambers. 
The temperature is carefully regulated. The 
arsenic glass’produccd amounts to about 02 p.o. 
of the * flowers * used. * 

AnalyBtB cf Arsenic Powder and Arsentc Olass. 

(1) Powder from Altenberg, from the con- 
denser of a tin roasting furnnee, near the 
furnace end (Lampadiiis). 

(2) Do. from further end of condenser 
(Lampadius). 

(3) Do. from Oberschlcma (Lampadius). 

( 4 ) Arsenic glass from Andreasberg (Streng). 

(1) (2) (3) (4) 

Arsenious oxide . 00*1 05*85 94*31 08*2 

Arsenious sulphide . 2*05 0*32 1*03 — 

Bismuth. . . — — 0*25 — 

Sulphur . . . 0*73 0*71 0 50 — 

Ore-dust . .5*61 2*05 3 05 -- 

Antimonious oxide . — — — 1*68 

Properties and uses of arsenious oxide . — 
White arsenic occurs in the amorphous or glassy 
form, and in two crystalline modifications : 
(1) the octahedral or common form, of sp.gr. 
3*874 at 0°, and (2) m trimctric pnsims, occasion- 
ally found in sublimates ; this form is converted 
into the octahedral variety when heated or 
boiled in water. 

The amorphous form is transparent when 
first prepared, but becomes opaque when exposed 
to the air, especially when damp, diminishing 
slightlv m sp^ifio gravity and forming the 
crystalline oxide. Tno action com men cos at 
the outside, so that even after a considerable 
time a piece is frequently found with a trans- 
parent nucleus.* The vitreous form may be kept 
ill a scaled glass tube unchanged for years. 

The vitreous form, according to Buchner, i.s 
soluble in 108 parts of cold water, whilst the 
opaque form requires 355 parts ; the solubility 
ot an ordinary piece is therefore doubtful, depend- 
ing on the amount of change it has undergone. 
It is very soluble in glycerol, and is stated by 
Jackson to form glyreryl arsentie (Chem. News, 
40, 258). 

On making a strong solution of the vitreous 
form in dilute hydrochloric acid by dissolving 
3 parts in a mixture of 12 hydroehlorio acid 
and 4 water, and slowly cooling, it is deposited 
in the octahedral form, each crystal as it falls 
producing a flash of light (H. Rose). If these 
crystals ro redissolved or if the opaque form 
be used, no light is produced on crystallising, 
that phenomenon appearing to depend on the 
change of the amorphous into the crystalline 
form at the moment of crystallisation. 

At about 193° arsenious oxide softens and 
sublimes without fusion ; it fuses under pres- 
sure ; its vapour is colourless and odourless. 
It is acid to test papers, but docs not appear to 
form true arsenious acid on solution in w'ater. 

Arsenious oxide is a powerful febrifuge, being 
sometimes efficacious when quinine has failed. 
It is highly poisonous, 2 or 3 grains being a 
very dangerous dose. When habitually, 
however, comparatively large quantities may be 
taken with impunity. I'he inhabitants of Styria 
eat it under the name of * hydrach,’ to increase 


their endurance. Many authentio oases are 
recorded of 6 grains ana upwards being taken 
without ill effect. Arsenic-eaters are stated to 
be fresh oomplexioned, with a tendenoy to 
sitoutnees, to be long-lived, but to die suddenly. 
The workmen engaged in the manufaoture of 
dyes uhoro arsenic acid is used have been ob- 
served to have this tendenoy to stoutness (v. 
Roscoe, Mem. of Lit. Phil. Soo. Manchester, 
1860). In cases of death from poisoning, the 
greater part of the arsenic appears to be con- 
tained in tho liver and intestines ; of the bones, 
those of tho pelvis ami neighbouring vertebras 
appear to contain most. 

Arsenious oxido is adsorbed by ferric 
hydroxide under conditions wliich have been 
studied by Lookemann and Lueiiis (Zeitsoh. 
phyaikal. (3iem. 1013, 83, 735). The total 
adsorption follows tho formula E ^ jSAr, in 
which E represents tho mg. of iron hydroxide, 
A the number of mg. arsenic per 100 c.o., 
and /S and p are constants, which differ for 
different temperatures. Tho total adsorption 
is not materially influenced by the presence of 
sodium or ammonium salts. Tho pieeipi- 
taiion of arsenic by iron hydroxide is a 
usable process for the purification of enneen- 
iratcKl salt solutions, and for the detection of 
small traces of arsenic in solutions or nitre 
fusions 

In manufactures, arsenious oxido is used : 
in glass-making, to remove the colour produced 
by the lower oxides of iron ; in enamelling ; 
in calico-printing,* as a constituent of white 
fire in pyroteohny ; for tho prevention of boiler 
incrustations (40 parts white arsonio to 9 so- 
dium carbonate) ; in the manufacture of arsenic 
acid ; and of fly and rat poisons ; and in tho 
manufacture of a large number of pigments, 
arsenic being found in green, blue, pink, white, 
brown, end other colours. As a preservative 
it is thrown into tho holds of ships, to prevent 
vegetable dccoin position ; as a wash for walls 
in India, to prevent insect ravages ; to prevent 
smut in wheat; and with sodium carbonate as 
a wash for sheep; and in arsenical soap, for 
preserving skins. 

Arsenious oxide is employed in tho fixatjpn of 
aniline colours, especially of aniline blue. It is 
used principally for preparing steam colours, 
either as a solution in glycerol containing 4 lbs. 
of the oxido to I gallon of glycerol, under the 
name * arsenic aruf glycerine standard ' ; or as 
sodium arsoiiitc, dissolved in sodium oarhonate 
or borate. 

In medicine it is used as Fowlcr*a solution, 
which contains 4 graims of the oxide (in tho 
form of sodium arsonite) in each ounce of fluid. 
In India it has boon used as a euro for hydro- 
phobia and serpent poisoning. In veterinary 
surgery^ it is largely used as a tonic, to eradicate 
wornis,*and for improving the coats of horses. 

I It occurs, either as an impurity or as an 
Oflultcrant, in a large number of commercial 
products. Besides tho ordinary commercial 
compounds in which arsenic is expected to be 
; present, it has been found in eaxuitio soda, 
potassium chlorate, commercial glucose (C3ou6t 
and Ritter), and in wine free from artificial 
colouring matter (traced to sulphuric acid used 
in purifying the casks). Dr. Tidy found about 
38 p.o. of arsenious oxide in some * violet powder * 
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which had caused the death of at least two 
children (Lancet, Aug. 21, 1878). 

In the year 1000 ooour^ a serious epidemic 
of arsenic-poisoning due to contamination of 
beer through the use of brewing sugars, glucose, 
or * invert ’ sugar containing arsenic. The 
arsenic was introduced by the use of highly 
arsenical sulphuric acid in the production of 
the sugars. The total number of persons who 
suffered in consequence of the epidemic was cer- 
tainly 0000, and probably considerably greater. 
At least 70 deaths were attributed to the epidemic. 

Coal or coke used for malt drying always 
contains arsenic ; with an ordinary malt kiln 
part of the arsenic volatilises and may deposit 
on the malt. Various methods have been tried 
and adopted in which it has been found that 
access of arsenic to malt may be obviated or 
diminished ( Royal Commission : Arsenical Poison- 
ing, 1003). 

(For a statement of the amount of arsenic in 
the varieties of pyrites, and of its distribution 
in the preparation of suiphurio acid and alkali, 
V. H. Smith, Phil. Mag. [4] 44, 370 ; Chem. Nows, 
20, 170; and 0. Hjolt, Dingl. poly. J. 226, 
174-181.) 

Frosenius finds that the arsenic in many 
chemical glasses is removed by alkaline, but not 
by acid liquids ; the bearing of this on judicial 
investigations is important. 

The commercial article is frequently adul- 
terated with gypsum, chalk, &o., these may 
easily be detected by heating a little on a knife, 
uhon they will remain after the oxide has 
volatilised. 

Sodium anonite. Add sodium arssmts 
Na,02A8,03-2lf,0 

is prepared by dissolving arsenious oxide in a 
solution of caustic soda or sodium carbonate, 
and evaporating the solution. The neutral salt, 
NagO'AssOg, is formed by boiling this compound 
for some time with sodium carbonate, and 
washing the residual salt with alcohol (Pasteur). 

Potassium arscMiito is prepared in a similar 
manner. 

Sodium arsenite is used as a substitute for 
dung in dyeing, but is not so reliable as the 
arsenate. It enters into the composition of all 
preparations in which arsenious oxide is dis- 
solved with sodium carbonate. 

A solution undergoes slow oxidation on 
warming in contact with air. 

An arsenite of chromium and iron is used as 
a green pigment in wall-papers. 

Scheele J green. Arsenite of copper. Hydro- 
cupric arsenite. CuHAsO,. 

According to Soheele’a method, 11 oz. ar- 
senious oxide are gradually added to a solution 
of 2 lbs. potassium carbonate in 10 lbs. boiling 
water ; this is filtered and poured into a solo- 
tion of 2 lbs. copper sulphate in 30 lbs. water, 
«o long as a grass-green precipitate falls. The 
precipitate is thrown upon a filter cloth, 
washed with warm water, and dried gently 
with the production of about lbs. of the 
pigment. ,, 

Soheele'% green is a pulverulent, fine light- 
green colour, formerly largvly used in calico- 
printing and for wall-papers. It is, however, 
much less used at the present time. It dissolves 
entirely in excess of alkali or in acids. 

Schweinfurth groan. Imperial green. Eme- 


rald qrun. MHU grun, A edo-arseniU of copper 
(when mixed with gyspum or heavy spar, known 
also as Mountain or Neumeder green). 

3Cu0ABj|0g*Cu’(C3£r303)3 

Five parts of verdigris (basic copper acetate) 
are made into a thin paste with water and added 
to a boiling solution of rather more than 4 parts 
arsenious oxide in 50 parts water ; the solution 
is kept boiling during the mixture. If a yellow- 
green precipitate falls, a little acetic acid is added, 
and the solution boiled a few minutes longer ; the 
precipitate becomes crystalline and soon acquires 
the characteristio green colour. 

A very fine product is prejiared by the follow- 
ing method : — Boiling, concentrated solutions of 
arsenious oxide and coi>}>er acetate are mixed in 
such proportions that equal weights of the two 
substances are present when a bulky olive-green 
precipitate falls ; an equal bulk of cold water 
is then added and the mixture placed in a 
flask which it fills to the neck, thus preventing 
any pellicle which may form on the surface from 
falling through the liquid and causing a prema- 
ture crystallisation. The colour under these 
circumstances takes two or three days to xierfect, 
the beauty of the product being much increased 
by slow formation. The workmen engaged in 
the preparation of this pigment do not appear to 
bo injured by it. In contact with organic matter 
it is, however, liable to change. By the action 
of damp and moulds, su^i as PeniciUium 
hrevtcdule, Aspergilh, Ac., on paper coloured 
with this pigment a peculiar odour is frequently 
produced, which appears to be duo to the forma- 
tion cf diethylcacodyl oxide 
iinaccomx)anic(i, as formerly supposed, by 
arseniuretted hydrogen (Klason, Ber. 1914, 
47, 2034). 

Arsenic oxide. Arsenic acid. Arsenic peni- 
oxide. Acids arshiique, Arsensaure, Addum 
arsentcuin. AH2O5. 

Produced when arsenious oxide is acted upon 
by an oxidising agent. 

On tlio largo scale 4 parts white arsenic are 
gradually added to 3 parts nitric acid of not less 
than 1*35 sp.gr. in a vat capable of holding 
from 65 to 70 kilos, of white arsenic. Great 
heat is produced and the evolved fumes are 
passed over coke moistened with water, whereby 
about two-thirds of the nitric acid is recoveredf. 
In 24 hours a syrupy liquid is formed, con- 
taining a small quantity of arsenious oxide, 
which may be oxidised with a little more nitrio 
acid. 

Krstner perforins the oxidation in large 
glass flasks, the nitrous fumes being passed 
through lead pipes and condensed in leaden 
chambers. 

Arsenic oxide has also been prepared by 
suspending arsenious oxide in water, passing a 
current of chlorine through the liquid, and 
.evaporating the solution thus produced. 

It is a deliquescent solid fusing at a dull-red 
heat, of acid metallic taste and acid reaction. 
It dissolves in 6 parts cold and in 2 parts hot 
water. The solution evaporated in an open 
vessel at 60°, or under increased preasiire at 
150% deposits crystals of the composition 
3AB|03,6H|0. Above 200° crystals 01 AsiO^ 



ARSENIC. 


385 


separate. Concentrated solutions crystallising 
spontaneonsly or by freezing deposit the 
hydrate H3A8O4IH11O, or mixtures of this with 
SAr^Os^SHsO (Balareif» Zeitsch. anorg. Chem. 
1911, 71, 73). A cold, strong solution blisters 
the skin. Arsenic oxide and its salts are less 
poisonous than the corresponding arsonious 
compounds. 

tedium arsenate. Bydric diaodic araencUe ; 
* Dung sale NajHAs 04 . 

It is prepared by saturating arsenious oxide 
with crude soda ash, drying, and deflagrating 
with sodium nitrate in a reverberatory furnaee. 

Arsenate of soda is largely used in calico- 
printing as a substitute for dung, its feebly 
alkaline properties rendering it useful for that 
purpose. 

Arsenate of iron is an amorphous green 
powder containing 33 'G p.c. arsenic. 

Arsenic sulphides. Arsenic forms three 
well-defined sulphides, As^Sj, As^Sg, end AsjSg, 
the two former occurring naturally. A large 
number of other sulphides of indefinite com- 
position also exist. 

Arsenic disulphide or Realgar. Ruby sul- 
phur. Rothes Raiischgelb. Rothes Schwefel. 
Sulphur^ rouge. Orpin rouge. Risigallo. 
Sawlaraca. AsgSj. 

Prepared by fusing together arsenic and 
sulphur or orpimciit in the proper proportions. 
On the large scale it is obtaineu by distilling a 
mixture of arsenical ores, such as arsenical and 
iron pyrites, with sulphur or with the sulphide 
of arsenic precipitated in the purification of 
sulphuric acid. 

The mixture should contain about 15 p.c. 
arsenic and 2()-28 p.c. suljihur ; it is placed in 
flask-shaued earthenware retorts, holding about 
(iO lbs. when two-thirds full, which are connected 
with similar receivers. The retorts are gradually 
heated to redness and kent so for 8-12 hours. 
The crude realgar should bo compact, dark, 
and rich in arsenic ; if sulphur bo in excess it 
is fiiabie and light red. It is re-melted rapidly 
in cast-iron pans with the requisite amount of 
sulphur or arsenic, or with realgar of poorer 
quality. The mass is cleared of slag and ncated 
until quite fluid, and until a small quantity 
shows the proper appearance on cooling. It is 
then poured into cenical sheet-iron mouldB. 

Clreater care is necessary in the preparation 
of realgar than of orpiment, and an assay is 
frequently made to ascertain the exact propor- 
tions required before the final melting. 

It is hard and brittle, generally opaque, with 
vitreous conchoidal fracture, orange or hyacinth 
red in mass and orange-red in powder. Its 
sp.gr. is 3 *4-3*0, and its usual composition 
is arsenic 75, sulphur 25. It volatilises 
easily before the blowpipe with a smell of garlic 
and burning sulphur, is insoluble in water or hy- 
drochloric acid, but soluble in alkaline sulphides. 

Realgar is a constituent of blue fire and of 
* white Bengal fire,’ which is used as a signal 
light, and consists of realgar 2, sulphur 7, 
potassium nitrate 24. I 

The finest , variety, especially that which j 
occurs native, is used as a pigment by artists. | 
Arsenic trlsulphlde or Orpiment. Opermenl. \ 
Odbes RauachgeRf. RiaigaUum. Auripigmen- \ 
turn (of which its usual name is a corruption). 
TeUow Sulphide of Araenic. As.Sa. 

VOL. L— T. 


This sulphide is formed as a yellow pre- 
cipitate when sulphuretted hydrogen is passed 
through a solution of arsenious acid in hydro- 
chloric acid. 

Precipitated arsonious sulphide is appreciably 
decomposed by water, and even by alconol, with 
formation of hydrogen sulphide. It is also 
attacked to a considerable extent by dilute 
hydrochloric acid, but the action .of dilute acid 
or of water is chocked by the addition of 
hydrogen sulphide. The prccipitato is apt to 
contain arsenic hydrosulphide As(SH)4, together 
with arsenious oxide (Schmidt. Arch. Imarm, 
1917, 265, 45). 

On the large scale it is prepared by subliming 
sulphur with arsenious oxiao, 2 parts of arsenious 
oxide and 1 part sulphur being a common pro- 
portion ; the colour of the product is lighter wnen 
less sulphur is used. 

According to R. Wagner, a very fine colour 
may be produced as follows : — 2 parts finely 
ground barium sulphate are calcined with 1 part 
powdered charcoal or other carbonaceous matter, 
and the product is pulverised, mixed with 1 part 
ground orpiment, coiled in water and filtered. 
The solution, containing a sulpharsenite of 
barium, is precipitated by the addition of sul- 
phuric acid. By the audition of a suitable 
amount of barium chloride before precipitation, 
the pigment may bo correspondingly lightened in 
colour. 

Orpiment is insoluble in water but very 
soluble in alkaline sulphides. It was formerly 
much used as a pigment under the name of 
King’s Yellow, but now is largely replaced by 
chrome yellow. The lighter varieties contain 
as much as 80 to 90 {i.c. of arsenious oxide, 
and are conseiiuontly very poisonous. The 
darker varieties contain from 1 p.c. to 15 p.c. of 
the oxide and from 0*2 to 3 p.c. non-volatile 
matter. It is used in pyrotcchny, and the liner 
kind, especially the mineral, is made into 
pigment lor artists. 

It was formerly used as a deoxidising agent 
in the red net ion of indigo blue, and in am- 
moniacal solution in silk-dyoing. A mixture 
of 9 orpiment and 1 quicklime made into a 
paste with water is used under the name of 
* Rusma ’ for removing hair from skins, but is 
now generally replaced hw the solution of 
sulphide of lime prepared from the spent lime 
gasworks. 

Schultze (J. pr. Chem. 26, 431) considers that 
another form of the trisulphido exists which is* 
soluble in water (r. Colloids). For a desci^tion 
of its properties, see Dumanski, Zeitsch. Cnem. 
Ind. Kolloide, 1911, 9, 2G2. 

Arsenic pentasulphlde As-Ss. Berzelius in 
1826 stated that this compound was formed when 
sulphuretted hydrogen is passed through a 
moderately concentrated solution of arsenic acid, 
but the precipitate was generally considered to 
be a mixture of the trisulphide and sulphur. 
Bunsen in 1878 showed that it was produced on 
passing a rapid current of sulphuretted hydrogen 
throu^ a hot hydrochloric acid solutlbn of an 
alkaline arsenate, and his results were confirmed 
by McCay in 1887 (c/. Brauner and Tomifek, 
Cnem. Soc. lYans. 1888, 147 ; Travers and 
Usher, Chem. 800. Trans. 1906, 87, 1370 ; and 
Foster, J. Amer. Chem. Soc. 1910, 38, 62). 

Arsenic pentasulphlde is totally insoluble in 
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ivater, alcohol, or disulphide of carbon. The 
dry substance, on rubbing in a mortar, becomes 
strongly electrical. 

Anenle chloride. BuUer of arsenic. CavMic 
oil of arsenic AsCls is produced bv the action 
of chlorine on arsenic ; by distilling arsenic 
with mercuric chloride ; by heating dry 
arsenious oxide with sulphur monochloride at 
100^-126^ : As/), f OS,(J1,=-4A8C1,+3SO,+9S, 
and by distilling arsenious oxide with strong 
hydrochloric aciu. It is a colourless, oily liquid, 
of 8p.gr 2*206 074® boiling at 130*2® (Thorpe). 
A solution of arsenious oxide in strong hyoro- 
chloric acid loses arsenic on evaporation, but 
unless concentrated the loss by volatilisation is 
small. A iV/10 solution of arsenious chloride, 
iV/l as regards acidity, may be concentrated 
to half-bmk without loss of more than one- 
thousandth part of the arsenic present. 

Anenlo irModlde forms garnet to scarlet 
red hexagonal crystals : obtained by mixing 
arsenious oxide with iodine, and, after standing, 
extracting with carbon diHulphido. 

The cTilorid * and iodide are used to a slight 
extent in iiiedicino. H. W. H. 

ARSENICALS, ORGANIC. Histouhal. 
The study of organo-arsenit al cutnpounds dates 
from the discovery of * ('adet's fuming arseni- 
cal liquid,* a compound with an intolerable 
stench, and tlio singular property of spon- 
taneous inllammabilLty in air at ordinary tem- 
peratures to which L. C. Cadet do Cassicourt j 


temporary confusion in nomenclature. Further 
systematic investigation by Bunsen (Annalen, 
1841, 37, 1-57 ; 1842, 42, 14-46 ; 1843, 40. 
1-48) showed that the main constituent of 
Cadet’s liquid is cacodyl oxide, which he was 
able to prepare in a pure state (‘ paracacodyl *) 
by the hydrolysis of cacodyl chloride with 
potassium hydroxide. He also oxidised cacodyl 
oxide further to cacodylic acid (alkaigen), and 
finally he isolated the radical cacodyl itself. 
The inner structure of the cacodyl radical was 
not investigated by Bunsen, but Frankland, 

I Kolbts and others have since shown that the 
! radical may Ijo. regarded as tervalent arsenic 
associated with two methyl radiccds. The 
' cacodyl radical is A8(CH.)|, and in the free 
state this univalent complex doubles on itself 
I to give cacodyl As.fCH.).. Cacodyl oxide and 
I cacodyl chloride have the structures : 

’ As 0 As Cl 

I ^ CHj^^® 

i Arsenical compounds containing aromatic 
' radicals were first investigated by Be'champ 
!((!ompt. rend. 1800, 60, 872; 61. 356; 1863, 

I 66, 1172), who, studying the oxidising action 
' of arsenic acid on aniline {cf. Maoenta), noted 
I that a colourless condensation product could be 
obtained. This substance functioned as a 
I monobasic acid, and Berhanip assumed that 
, the compound was an anilide of ortho- arsenic 
j acid C.Hj-NH A8()(()H)2. 


refers in his momoir on the production of syinpa- 
ihetio inks published in 1760. Thi.s liquid 
formed the distillate when equal parts of arson- 
ioiiB oxide and potassium acetate wore heated 
in a glass retort. Guyton do Morveau, Morel, 
and Durando, who worked* in Dijon, confirmed 
this discovery about eighteen years later, and in 
1804 TlK^nard published further rescarclics on 
the li(|ui(l (Ann. CInin. Phys. 30 Vend(^*niiairo 
An. xm. 1804, 62, 64), coming to the conclusion , 
that the product was a complex acetate con- 
taining arsenic. The next important contribu- 
tion to the subject was made in 1837 (Pogg. 
Aim. 1837, 40, 219 ; 42, 146; t’. Annalen, 
1837. 24, 27; 1831), 31, 175) when Robert 
Wilhelm Bunsen commenced his classical 
researches, which were earned on for a period 
of six years. He showed that the distillation 
product of arsenious oxide and potassium acetate 
contained the oxide of an arseniu retted radical, 
a group containing arsenic, carbon, and hydrogen 
which remained unchanged in composition 
when the oxygen was replaced by the halogens, 
sulphur or cyanogen. At first Bunsen supnosed 
that the product contained no oxygon, ana was 
GgllgAs, and os this formula represents alcohol 
in which oxygen is replaced t>y arsenic, ho 
adopted the name Alkarsin for the supposed 
arsenical analogue of alcohol. Berzelius sug- 
gested the presence of oxygen in Bunseivs 
^Alkarsin ’ (».e. the original distillate), and gave 
the name Kakodyl (Or. kakos-odyl) to the com- 
pound radical which functioned as a * compound 
element}^’ in the series of reactions of ' alkarsin.’ 
It is now evident that the distillate dealt with 
by the early workers must have contained, 
according to experimental conditions, varying 
amounts of cacodyl oxide and cacodyl, and this 
would account for the lack of uniformity in 
interpretation of the results and for some 


Ehrlich and Bertheim have since shown 
(Bcr. 1907, 40, 3292) that the product is p* 
aminophcny larsinic acid NH}*CeH4‘AsO(OH)t. 

The sodium salt 

NH8*CcH4-A80(0H)*0Na,arH,0 

(ar=2-6 in various preparations) is the Aloxyl 
of therapeutics. 

Khilich. who observed that aromatic com- 
iounds containing tervalent aisciuc as distinct 
rom the qiiinqucvnlent Atoxyl series had a 
more pronounced action in protozoal diseases, 
now instituted very extensive researches which, 
after 606 trials, culminated in the preparation 
of Salvarsan, or * 006,’ in 1910. Neoaalvarsan^ 
or ‘ 914,’ was discovered in 1911, and both these 
substances have been highly successful m the 
arsenical treatment of syphilis. 

More recent work has trended in the direc- 
tion of increasing in these substances the 
trypanocidal power and reducing toxicity to 
the patient, (jo-ordination compounds of salvar- 
san with heavy and noble metals have been 
investigated. Luargd, which has met with 
great success in the French Army, is a complex 
of salvarsan, silver bromide, and antimony. 
The preparation of primary arsines by Palmer 
and behn (Ber. 1901, 34, 3594) has prompted 
further researches on orgaiio-araonic compounds 
of therapeutic value. The discovery that the 
diazo- reaction could be applied to the synthesis 
of aromatic arsenicals nas given a further 
impetus to the study of these compounds (Bart, 
D. R. P. 260264 ; Eng. Pat. 668, 1911). 

Cacodyl and its more imrobtant DR- 
BXVATXVXS (Bunsen, Annalen, 1842, 42, 14). 

Cacodyl [A8(GH,),1|, TetramdhyldiaTsine^ a 
colourless, .highly refractive liquid with intoler- 
able smell; b.p. 170®; solidifies at —6®, 
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fonning square plates ; vapour density 7*1 ; 
Bpaiin^y soluble in water, is prepaid by 
treating cacodyl chloride with metallic zinc in 
an atmosphere of carbon dioxide. It inflames 
spontaneously in air, giving carbon dioxide, 
water, and arsenious oxide. It behaves as a 
univalent or tervalent radical combining with 
sulphur and the halogens. 

£thyleaeodyl{Teiraethyldiar8ine) [A8(CtHs),], 
an oil, b.p. 185^-190°, is produced, together with 
triethylaraine A8(C,H8)„ Vp. 140®, by the inter- 
action of ethyl iodide and sodium arsenide ; 
it yields, on oxidation, diethylarsinic acid, a 
soluble crystalline product (Landolt, Annalen, 
1854, 89, 316 ; 92, 365). Dtmethyldmoafnyl- 
cacodyl (CH,),As*As(CftH,,)„ obtained by the 
following general method (l)ehn, Amcr. Chem. 
J. 1908, 40, 123) : 

R,A8H+ C1A8R',= HCl-f RjAsAsR', 
from a secondary arsine and a secondary arsenious 
chloride. 

Cacodyl oxide [A8(0H3)|]20, the main con- 
stituent of Cadet's liquid, is a heavy oil ; sp.gr. 
1*462/15®; b.p. 120®; solidifies at -25®; 
vapour density 7*65 ; sparingly soluble in water. 
It IS prepared by distilling cacodyl chloride with 
aqueous ^potassium hydroxide, drying and re- 
dhstilling* in atmosphere of carbon dioxide 
(Baeyer, Annalen, 1858, 107, 282). 

Cacodyl chloride AB((yH3)2(1, colourless liquid, 
heavier than water ; b.p. 100® ; vapour density 
4*56 ; 18 insoluble in water. It has a penetrating, 
stupefying odour, and has a marked irritating 
action on th>* mucous membrane of the nose. 

('oneentratod liydrochloric acid and mer- 
curic chloride are added successively to Cadet’s 
arsenical liquid, and the resulting crystalline 
magma is liquefied by the addition of more 
hydrochloric acid and distilled. The distillate 
containing cacodyl chloride is purified by treat- 
ment With calcium carbonate to remove the 
acid, and with anhydrous calcium chloride to 
remove water. 

Cacodyl cyanide A8(CHj)aCN, colourless 
prisms ; m.p. 33® ; b p. 140® ; sublimes readily 
at ordinary temperatures to an exceedingly 
poisonous vapour. Is soluble in alcohol and 
ether, sparingly soluble in water. It is prepared 
by interaction between cacodyl and inercurio 
cyanide : 

[A8{CH,),],+Hg(CN),=Hg+2A8(CH,),CN 

Cacodyl sulphide [A8(0H3)2]2S, colourless oil ; 
b.p. well above 100® ; insoluble in water ; 
mucible with ether and alcohol. 

Cacodyl disulphide [A8(CH3)3]3S3, white 
rhombic plates;* m.p. 50®. Cac^yl cupri- 
sulphide Kd3S,3Cu3S, lustrous octahedra. 

Cacodylic acid. Vtmethylarsinic aetd, 

A8(CH.)30*0H, 

(Bunsen, Annalen,* 1843, 46, 2), inodorous 
colourless prisms ; m.p. 200° ; very soluble in 
water and alcohol. Is prepared by the 
oxidation of cacodyl oxide with mercuric oxide 
under water. It is veiy stable, not decomposed 
by the strongest oxidising agents; it forms 
ciystallisable salts, certain of which have been 
um in medicine, including sodium oacodylate 
Kd0,Na,3H30 (PK. Helv.). 

Cacodyl trichUmde (CH3)|AsCl3 (Baeyer, 
Annalen, 1858, 107, 263), which crystallises 


from other in prisms or leaflets, is very unstable, 
fumes in air, and decomposes at 40®-50® into 
mdhylarsenious chhride 0H3‘AaCl3 and methyl 
chloride. 

Syntheses of Alifhatic Absenicals. 

I. Interaction of an Alkyl Halide with an Alloy 

of Arsenlo (Cahours, Conipt. rend. 1859, 49, 
87). 

Methyl iodide reacts at 180® with zinc or 
cadmium alloys of arsenic, yielding double 
salts of the formula) : 

2A8(CIl3)4l,ZnI, and 2A8(CH3)4T,(’<ir, 
From those, tetramethylarsonium iodide is 
obtained by troatmonb with caustic alkali. 

II. Interaction of an Alkyl Halide with Elemental 

Arsenic, 

A modification of the first method by which 
the alkyl halide and arsenic arc heated together 
in a sealed tube at 160®-200® (C’ahours, Annalen, 
1862, 122, 2(H)). If aiuorphoiis arsenic bo used 
the reaction may be brought about at ordinary 
temperatures (Martindalo, (Vmgress of Applied 
Oheinistry, 1969). In either ease a double salt, 
e.g. AsICHal.I.AsTj i.s formed, and tliis, when 
decomposed by eaustie potuub, give.s potasRium 
arsenite, potassium iudiile, and tcirumotliyl- 
arsonium iodide 

III. Interaction of a Metallic Alkyl with an 

Arsenic Halide. 

Zinc dimethyl reacts with arscniuuH chloride 
giving trimdhylarsine (Hofmann, Jahresber. 
1865, 638 ; Annalen, 1857, 103, 357). 

Mixed arsines may bo prepared in this way : 
e.g. dimethylarseniouB chlunuc reacts with zinc 
diethvl giving dimethylethylarsine. 

The Gngnard reaction — a special case of this 
method — affords an important means of pre- 
paration of organo -arsenic compounds (Hibbert, 
Ber. 1906, 39, 160). Arsenious bromide treated 
with excess of Grignard reagent (magnesium 
methyl iodide) yields trimethylaraine. 

IV. Alkylation of Arsenical Oxy- Compounds, 

In this process, duo in the hrst place to 
G. Moyer (Bcr. 1883, 10, 1440), but since 
generalised by Klinger and Kreutz (Annalen, 
1888, 249, 147), and by Holm and McGrath 
(Amer. Ghem. J. 1906, 33, 138; 1906, 28, 351), 
sodium arsenite is treated witli^ alkyl iodide iiw 
alkaline solution giving sodium alkvlarsenate. 

This synthesis, unlike the preceding methods, 
which require anhydrous solvents or an inert 
atmosphere, can bo carried out in aqueous 
solutions under ordinary atmospheric conditions. 
Potassium methylarsinate is produced by 
mixing together potassium arsenite and methyl 
iodide in aqueous methyl alcoholio tvilution. 
After several days a white precipitate 2A8303,K1 
is removed and potassium methylarsinate is 
obtained from tho filtrate : 



/OK 

CHg— As^O 
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Dealkylation of AMphatle Anenleals. 

This process, originally due to Baeyer 
(Annalen, 1858, 107, 282), who confirmed and 
extended Bunsen's work, is effected bv con- 
verting cacodyl chloride into cacodyl trichloride 
by direct addition of chlorine and by distillin' 
the trichloride, when methyl chloride is elimi- 
nated, and methylarscnious chloride CH,A8C1| 
is produced. This monoalkylated arsenical 
is sucopasivcly chlorinated and hydrolysed; the 
final product, mcthylarsinic acid, 'is a substance 
of therapeutic utility, having been employed in 
the form of its sodium salt CHa'A80(UNa)|,Hj,0, 
arrhenal or new cacodyl (Auger, Compt. rend. 
1903, 137, 926; Auger and Billy, ibid. 1904, 
139, 599). 

Aliimiatio Akhenicals. 

TrimHkylamne As(Cn,)8, liquid ; b.p. 70° ; 
synthesised by method III. (above), is also 
pre|>are(l by distilling totramethylarsonium 
iodide As((Ui3),r with dry potassium hydroxide. 
Tctramotliylarsonium iodiuo is a solid crystal- 
lising in colouiicHs leaflets, which decompose at 
170°- 180°. It is synthesised by method 11. 
(above). 

Teiraviethylarsonium hydroxide ^ obtained by 
the action of moist silver oxide on the iodide, is 
a strongly caustic soluble substance resembling 
sodium or potassium hydroxide. 

Meihylarsimc (icid CHa'AsOiOH)*, anhydrous 
colourless crystalline solid ; m.p. 101°; soluble 
in water and alcohol ; decomposes carbonates 
and forms an ammonium salt. The sodium salt, 
arrhenal or now cacodyl 01Ia*A8O(ONa)2H3O, 
has been used in mediciiio, as also have sodium 
dimethylarsinatc (sodium cocodylato) 
(CIf8)aAsOaNa,3HaO 

and corresponding salts of magnesium, iron, 
strychnine, guaiacol, and untipyrino. 

Dimcthyutrsine (0Jl3)jAslI, solourloss liquid 
with odour of cacodyl ; b.p. 35'(i° ; spontane- 
ously inflaiiimable in air above 10° (Palmer, Ber. 
1894, 27, 1378 ; Dehn and Wilcox, Amor. Chem. 
J. 1900, 36, 3). 

•Strong liydrochlorio acid is dropped slowly 
on to a mixture containing crude cacodyl oxide, 
amalgamated zinc-dust and alcohol. The dis- 
tillate is passed through a water wash-bottle 
and a soda lime tube to a condenser surrounded 
by a freezing mixture of ice and salt. 

Methylarsine CHg*AsH| (Palmer and Dehn, 
Bor. 1901, 34,0594), volatile, colourless, highly 
refractive liquid with odour of cacodyl ; D.p. 
2° ; very poisonous, not spontaneously inflam- 
mable ; practically insoluble in water ; soluble 
in alcohol, ether, or carbon disulphide ; is pre- 
pared by reducing mcthylarsinic acid with 
amalgamated zino-dust and alcoholic hydro- 
chloric acid with precautions similar to those 
taken in the preparation of dimethylarsine. 

ArsenotneihanB (OH, 'As : As'CH,), (Auger, 
Compt. rend. 1904, 138, 1705), heavy yeUow 
oil with garlic odour; b.p. 190°/13 mm. Is 
prepareiK by reducing sodium methylarsinate 
with sodium hypophosphite and sulphuric acid. 

VOLATILB ABSENIOAL COMPOUNDS FROM 
Moulds. 

It has been observed that wallpapers and 
carpets containing arsenical pigments have 


become a source of danger owing to the evolution 
of volatile arsenic compounds of a decidedly 
poisonous character. It is now known that 
the presence of certain moulds is a necessary 
condition for the production of such gases. 
These moulds, the most important of which is 
Penicillium brevicaule, evolve a volatile arsenic 
compound when cultivated in a medium con- 
taining sodium arsenite. Several observers 
have examined this phenomenon, and P. 
Biginelli has prepared fairly well-defined solid 
derivatives of the gas and thereby concludes 
that the gas itself is dietkylarsine (0,H5)3AsH 
(Atti. R. Accad. Lincei, 1900 fv.] 9, ii. 210, 
242), although his results have not yet been 
confirmed by the isolation of the secondary 
arsine itself. 

Syntheses of Aromatic Absbnicals. 

Two general methods are due to Michaelis, 
who, in collaboration with many pupils, has 
given them a very wide application (Ber, 1870, 
9, 1.50U; Annalen, 1880, 201, 184). 

I. Interaction of the Arsenic Halide with a Diaryl 

Derivative of Mercury. 

The mercury diaryl derivative is prepared 
by the action of sodium amalgam on the aryl 
bromide. The action of the mercury diar/1 
takes place in two stages. In the first, the 
arylarsenic dihahde is produced, e.g. 

Hg(C,H,),-l-2A80l3=HgCla+2CeH,A8Cl3 

If the action is carried further the diaryl 
arsenic halide is formed 

Hg(Oen5)2+2C,H3'AsCl,--2(C,H3)3As(:i-|-Hg('lg 

A modification of thi.s method has been 
employed (Bt'r. 1914, 47, 2748), whereby the 
aryiinercuric ehlondo is heated at 100° with 
arsenious chloride with the pioduction of the 
arylarsenious chloride. 

II. Interaction of Sodium with Chloroaryls and 

Arsenious Chloride (or the corresponding 

bromo- derivative). 

This process is a modification of Fittig's 
synthesis of hydrocarbons, e.g. : 

AsOl3-f3CoH5Ci-f6Na=6NaCl-fAB(C,H6)a 

The tertiary arsine thus formed readily 
forms dihalidcs which on heating give secondary 
arsenic halides : 

(CeH,),A8Cl,-CaH,-Cl-f(C,H3)gA8Cl 

Primary derivatives can be formed by heat- 
ing the tertiary arsine with arsenious chloride 
under pressure at 250° ; the secondary com- 
pound is formed at the same time : 

(0„H5)3AB-f2A8Cl,=3C,H5A8Cla 
2(C,H5),A8-fA8Cl,=3(C,H5)3AsCl (by-product) 

III. Grlgnard Reaction. 

To the foregoing processes due to Michaelis 
this reaction adds a third method which has been 
applied with considerable success to the synthesis 
of triphenylarsine and its homologues. 

IV. DIazo- Synthesis. 

Aromatic primary amines are converted into 
the corresponding arylarsinio aoidi by treating 
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the diazQnium salt or alkali diazooxide with 
aqueous sodium arsenite with or without copper 
powder (Bart, D. R. PP. 250264 ; 254345). 

Abomatic Arsbnicals« 

Phenylarsenious chloride GsHs'AsCli (La 
Costo and Michaelis, Ber. 1878, 11, 1883), 
colourless, highly refractive viscous liquid ; 
b.p. 252°-254^ ; with pungent odour, more 
pronounced on warming ; very irritating action 
on the skin. 

Arsenobenzene Cells'As : As'C^Hs (Michaelis 
and Schulte, Ber. 1881, 14, 912; 1882, 15, 
1952), light yellow needles ; m.p. 196° ; insol* 
uble in water or ether ; sparinglv soluble in 
alcohol ; soluble in benzene, chloroform, or 
carbon disulphide. An alcoholic solution of 
phenylarsenious oxide is warmed with excess 
of crystallised phosphorous acid. The pasty 
product yields wcll-dclincd crystals from boiling 
xylene. 

Phcnylarainic chloride CbH5*As(‘l4 (Michaelis, 
Bor. 1877, 10, 022), flattcnctl yellow ncedle.s, 
m.p. 45° ; decomposes violently in water, 
dissociates on warming into the dichlorido and 
free chlorine, the action being facilitated when 
conducted in a stream of dry carbon dioxide. 
At 150° it is decomposed completely into 
chlorobenzene and arsenious chloride. 

Phenylarnimc iicul ('6H5*AH()(OH)a (La Coste 
and Michaelis, Annalcn, 1880, 201, 184 ; Micha- 
clis, Ber. 1877, 10, 620), colourless prisms 
passing into the anhydride at 158°, solunlo in 
absolute alcohol ; very stable towards oxidising 
agents ; on reduction gives phcnylarsine {q.v.), 

Di phenylarsenious chloride (C«H5))As0l (La 
Costo and Michaelis, Ber. 1878, 11, 1885; 
Annalen, 1880, 201, 215), well-defined colourless 
tabular crystals ; m.p. 38°-41° (formerly 
described as a yellow oil). Slight odour, more 
pronounced on warming. V apour very irri tating 
to the skin. Alkalis hydrolyse it to diphenyl- 
arsenious oxide f crystalline aggiegates ; m.p. 91°- 
92°, and this product reduced with phosphorous 
ac id furnishes phenylcacodyl (C6ll5)aAs‘A8(CflH5) , 
crystalline mass ; m.p. 135°. 

Diphenylarsinic acid (CeHftlaAsO'OH, colour- 
less needles ; m.p. 174°. Sparingly soluble in 
cold water, ether, or benzene, more soluble in 
hot water or alcohol. 

Triphenylarsine (C^HjlgAs (La Costo and 
Michaelis, f.c.), colourless plates from 
alcohol ; m.p. 68°- 60° ; b.p. above 300° (with- 
out decomposition in carbon dioxide). Verv 
soluble in ether or benzene, spanngly soluble 
in alcohol. 

Tnphenylmeihylarsonium iodide 
(CeH«),A8(CH3)l 

pale yellow leaflets from alcohol; m.p. 176°. 
Soluble in alcohol or ether, sparingly soluble 
in water. 

Tribenzylarsine As(CH3'C4H5)3 (Michaelis 
and Paetow, Annalen, 1886, 233, 60 ; Paetow, 
Inaug. Dissert. Rostock, 18^), colourless mono- 
clinic prisms from alcohol ; m.p. 104°. Insoluble 
in water, sparingly soluble in alcohol; soluble 
in ether, oenzene, and glacial acetio acid. 
Oxidised by hot dilute nitric acid to arsenic 
and benzoic acids. Obtained, together with 
its dichlorido and dibenzylarametrichloride, by 


the action of sodium on arsenious chloride and 
ben^l chloride. 

Dibemylarsinic acid (CgHs'CHiliAsOOH 
(«&»d.), leaflets from alcohol ; m.p. 210°, decom- 
posing at higher temperatures ; sparingly soluble 
m ether, acetone, or benzene ; bitter salt taste 
and very irritating effect on the mucous mem- 
brane. 

Bcnzylarsinic acid 0#Ha-CHaAsO(OH)3 
\ {ibid.) I Delm and McGrath, J. Amer. Chom. 

I Soc. IIK)6, 28, 364), eoloiirlcss needles ; m.p. 167°. 

I Benzylarsine Ci^ljl^Hj AsHa (Dohn, Amer. 

' Chem. J. 1908, 40, 113), light yellow liquid; 
b.p. i40°/200 mm. • 

p-Benzarsinic acid CO3H -03114^80(011), 
(Michaelis, Annalen, 1902, 320, 303 ; Bor. 
1916, 48, 870; 8iei)urg, Arch. Pharm. 1916, 
254, 224; Borthoim, Ber. 1908, 41, 1854). 
This is a typical example of the carboxylated 
derivatives which can bo obtained by oxidising 
arylarsinic acids containing metliyl groups. 
This acid forms colourless plates, sparingly 
soluble in water, very sparingly so in alcohol 
and glacial acetic acid. 

1. yi-Tolylarsinic acid (Cn,-C4H4-A80(OH)2) 
is treated with alkaline potassium permanga- 
nato in aqueous solution, the mixture being 
left for some days, when the filtrate is evapo- 
rated to dryne.ss after acidifying with acetio 
acid; the residue, extracted with alcohol to 
remove potassium acetate, is then decompos'd 
by concentrated hydrochloric acid when p-ben- 
zarsinic acid is deposited in well-defined crystals. 

2. Oxidation of p-tolylarsinio acid by means * 
of nitric acid in sealed tube at 170° for three, 
hours gives a good yield of p-bonzarsinio acid. 

3. p-Arsanilic acid is diazotised in the 
presence of cuprous cyanide, the resulting p- 
cyanophenylarsinic acid, being hydrolysed by 
concentrated potassium hydroxide, furnishes 
p-benzarsinic acid. Its isorncridcs are similarly 
prepared. 

Bbtainjss of Aroma'iio Arsknioals 
(Michaelis, Annalcn, 1902, 320, 297 ; ibid. 1902, 
.321, 174). 

Ordinary naturally occurring betaine has 
the constitutional formula: 

and is trimethyl glycine. Many analogues 
containing quinqucvalent arsenic are known. 

Trimcthylarsendjenzobetaine (I.) ; 

I. II 

The hydrochloride of the triethyl compound 
corresponding with (L), which was the first 
arsenical betaine to bo prepared, is obtained by 
oxidising p-tolyltrimethylarsonium chloride with 
alkaline permanganate. 

Triphenylarsenibelaine (II.). The betaine of 
the second type is produced by successively 
treating triphenylarsine with qhloroacetic acid 
and alcoholic potash. Both these piffparations 
have been generalised. 

ThB 6SB OF ObOANIO COMPOUNDS OF AbSXNIO 
IK Therapeutics. 

Diseases of protozoal origin, such as * sleeping 
sickness,’ syphilis, Ac.^ do notf in general, Icnu 
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themflolvcfl to serum treatment, and certain 
antiseptics which are inimicablo to the existence 
of the protozoal parasite are quite as injurious 
to the tissues of the more nighly organissd 
* host.' Nevertheless, the protozoa are more 
sensitive to chemical treatment than are 
bacteria, which are much more highly resistant, 
and it has been shown that it is possible to 
treat certain protozoal diseases with antiseptics 
which react specifically with the protozoa, and 
are yet comparatively innocuous to the host. 
The treatment of malaria with quinine is a 
typical instance of ^his method. With a view 
to their use in this branch of therapeutics, 
organic derivatives of arsenic, os against 
inorganic preparations, have been extensively 
investigated, and the success which has attended 
their use seems to bo duo in part to their rela- 
tively low toxicity to the higher organism, 
their higher solubility, which prcmably increases 
their penetration, and their comparative sta- 
bility, whereby only the small fractions needful 
for the destruction of the protozoa become 
dccomnoHod in the body, the remainder passing 
througli the body unchanged. 

Aioxyl^ tiodiurn'i^^araanilale, Syn. Araamin, 
Soatnin, Natrium aranntlicum, 

0 

11 

NaO— As— OH 



This salt crystallises with 2-0 mtileeules of 
water, accorditig to the solvent used in its 
preparation. The corresponding mercury salt, 
Aayphtl, has b<^on used for injectui^ns. 

i-Aminophini/l'l’arainic acid {p-Arsanilic 
acid) 



A mixture of aniline (18(1 grams) and arsenic 
nci(J ( 140 grams) is heated gradually to 170®-200® 
in a vessel fitted with an oHicient stirrer, tho 
tomjioraturo boing maintainod at liH)'’-200° for 
one to two hours. Tho product rendered 
alkaline is distilled in steam to remove excess 
of aniline, filtered, and iicutralisod with hydro- 
chloric acid when crude p-arsaiiilic acid separates 
on cooling. Tho jiroduot dissolved in aqueous 
caustic soda is docolouriscci with animal charcoal 
and filtered into alcohol when sodium p-arsani- 
lato (atoxyl) crystallises. A by-product, sodium 
4 ; 4*-diamim diphenyhrainnic remains dissolved 
in the alcohol (O. and K. Adler, Ber. 1908, 
41, 932; Benda and Kahn, Und, 1074, 2370; 
Pyman and Reynolds, Chem. Soc. Trans. 1908, 
03, 1184). 

The foregoing condensation, duo originally 
to Bi^champ (f.c.), has more recently been 

g eneralised and extended to tho case of Hhc 
omologuos of aniline containing a free pAra- 
position with respect to tho ammo- group 
(D. R. R 219210; Eng. Pat. 14937, 1908; 
U.S. Pat. 013940, 1909 ; Welcome and Pyman, 
Eng. Pat. 855, 1908 ; Adler, Ber. 1008, 41, 931 ; 
Benda ana Kahn, ibid. 1072). Aromatic 
primary aminos substituted in the para- 
position are also amenable to the Bdehamp 
reaction, but with the exception of p-nitroaniline 


the yields of orthoamino aianle acids am small 
(Benda, Ber. 1909, 42, 3621 ; 1911, 44, 3294 ; 
D. B. P. 243693 ; Eng. Pat. 29196, 1911). 

Phenol and its homologues containing free 
para- positions with respect to the hydroxyl 
group also undergo the B^ohamp condensation 
with arsenic acid with the formation of p- 
hydroxyarsinic acids (D. R. P. 205616). 

Ehrlich and Bertheim's demonstration that 
atoxyl was the sodium salt of p-amino-phenyl- 
arsinic acid rather than tho anilide of arsenic 
acid, and that therefore atoxyl was a true 
organic arsenical, suggested numerous significant 
possibilities of syntheses, many of which have 
since been realised, the aim in general being 
directed to improvements in stability and 
specific action. For instance, the amino- 
group may l>o acetylated, benzoylated, or 
replaced by halogen or hydroxyl, or a sub- 
stituted amino can be used in the initial stage 
of tho synthesis instead of aniline. As an 
example of this procedure may be cited the 
ncotyiation of atoxyl, whereby a derivative is 
obtained which, while just as toxic to trypano- 
somes, IS more stable and much less toxic to the 
host than atoxyl. Thisudorivative : 


CH3CONH 


— < (^~^ A80 


/ 

\ 


OH 

ONa 


is known as arsacelin, or acetylatoxyl (contains 
.3-4 H3O). Large numbers of similar deriva- 
tives have been prepared, some of which have 
assumed commercial importance. licmenesuh 
phonylaiojcylt termed Hectme, has been employed 
in therapeutics. 

Phcnyhjlycinearainic acid 

O yOU 

AbO( 

Hm 


and its homologues are less toxic than atoxyl, 
tho glycine group, which resists hydrolysis in 
tho organism, boing much more (irmly attached 
than the acetyl group. 

Atoxyl is digested with aqueous chloracetio 
acid in a reflux apparatus for 6-8 hours, tho 
crystalline glycine derivative being freed from 
unchanged arsanilic acid by washing with 
dilute hydrochloric acid. 

Other aromatic primary amines yield deri- 
vatives analogous to those obt'ained from aniline. 

Sodium 2 • aminotohjl - 5 - arainaie, ^Kharain,' 
obtained by extending the Bcchamp reaction to 
o-toluidine, crystallises with H3O. 

Sodiuvi acetyl-2-aminotolyl-5-arainate ‘ Orau- 
dan ’ (Wellcome and Pyman, Eng. Pat. 855, 
1908): 


O Am 

As< 

\ONa 


5 or 7 H 3 O 


produced by acetylating the piejeding com- 
pound, has also been usi^ in protozoal diseases. 
The fact that the treatment of certain 


protozoal diseases with azo- dyes has met with 
considerable success has led to tho attempt to 
prepare dyes from the diazotisable ^-arsanilio 
acia, and a number of monoazo- and polyazo- 
dyes have been prepared, which in the main are 
less toxic to the host than atoxyl and more eo 


to protozoa. 

The promising results arising from Uie joint 
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anenieal and mercnrial treatment of s^-philis 
si^ested attempts to combine the beneficial 
cTOcta in one amff, and several derivatives 
have been prepared which possess the antici> 
pated properties to a more or less degree. 

3 : 5-Dihvdroxymerciiri - 4 • aminophenyl- 
arsinic acid and 3'hydroxymcrcuri-4-amino- 
phenyl arsinic acid are two weU-dcflned examples 
NH, NH, 


HOHgQjHgOH 

0 


0HgOH 
O : A8(0H), 


The hydroxymercuric derivative of orsudan 
known as * Hyiryl, has also ^ivon promising 
physiological tests : — 

CH.-CON Hg N-CO-CH. 

HO-Hgf^CH. CH,/\HgOH 

HOHg^ \/HcOII 

AsO.Na. AsO.Na, 


Enesol is the mercury derivative of salicyl- 
4-ar8inic acid : 

KO/ \A80(0H), 

co;h 


and has been employed successfully in the 
treatment of syphilis. 

Tervalcnt arsenic derivatives are thera- 
peutically of greater value than the eorre- 
HDonding (lumqucvalent derivatives, from which 
they are obtained by reduction. 

Phenylglycincarsinic acid (q.v.) yields arseno- 
jthenylgli/cine in reduction with sodium liydro- 
sulphite* Its sodium salt, under the name 
Sptrarsyl (No. 418 in Ehrlich's senes) : 

As = As 

0 0 

CO.Na-CH.-NH NH CH.-CO.Na 
has been used, and is a derided improvement 
on atoxyl, having less toxicity for the host and 
greater trypanocidal power. 

Similarly p- hydro wphcnyiarsinic acid jields 
p-arsenophenol on re<fiu-tion, and the fact that 
these substances had been used with good 
results in trypanosomiasis m mice led Ehrlich 
to prepare and examine many substances of 
similar constitution. 

Salvarsan (Syn. Kharsivan^ Arsendbenzol^ 
Arsenobillon, Ehnich 006). 3 : DiaminoA : 4' 

dihydroxyarsenobenzene, p-hydroxyphenylarsinic 
acid is successively nitrated and reduced with 
alkaline sodium hydrosulphite and magnesium 
chloride, two molecules of the compound uniting 
in the reduction, according to the following 
equation : 

OH OH 

(HNO.) /^NO. 

u 

AsCKOU), AsO(OH), 

As ~ As 

(Na^!o.) 

NH.V UnH, 

OH OH 



The foregoing p-hjrdroxyphenylarsinic acid 
is obtained either from p-arsanilio acid through 
the cUazo* reaction, by boiling the diazo- com- 
pound with water, or directly from arsenic acid 
and phenol, by extending the Be'champ reaction 
to the latter compound. 

Salvarsan can also be prepared by starting 
from dimethylanilino. This base, treated with 
arsenious chloride, yields p-dimethylamino^ 
phenylaraeniousdichloridef oxidation of the chlo- 
ride leads to p-dimet/iylamliitfarsinic arid, which, 
on nitration, gives Z-n\troA>dimethylam%no^ 
phenylarsinic acid. The nitro- compound, on 
warming with 40 p.c. aqueous caustic soda, gives 
rise to 3-nitro*4-hydroxyphenylar8inio acid, 
which is reduced as above. This nitro-Jiydroxy 
compound is also obtainable by putting p- 
chloroaniline tlirough the Bart process and 
successively nitrating and hydrolysing the 
resulting p-chlorophonylarsinio acid. 

The crude moist preparation of salvarsan 
base is dissolved in methyl alcohol, and its 
dihvdrochlorido precipitatod by the successive 
addition of methyl alcoholic hydrochloric acid 
and ether, and is dried in an inert atmosphere. 
The free base is insoluble in water or in physio- 
logical salt solution, and it does not form 
neutral salts, since it is an amphoteric substance, 
being feebly basic and having also phenolic 
properties. 

These characteristics constitute a drawback 
to its utility for intravenous injections and in 
practice the hydrochloride has to be very 
carefully noutraliscd immediately before use 
by means of sodium hydroxide. 

There are nine possible symmetrically 
constituted isomeridcs of salvarsan, and the 
following five have been obtained ; — 

4 ; 4'-diaminO’3 : SMihydroxyarsenobenzeno 
2 : 2 ' 3 : 3 ' 

2 : 2' „ 6:5' 

4:4' „ 2:2' 

6 : 6' „ 2:2' 


In no case is the isomcrido comparable in 
therapeutic value with salvaisan. The mcthyla- 
tion of salvarsan incTcasos tlio toxicity of the 
compound to the host and diminishes the 
trypanocidal value, e.rj. the hoxamethyl deriva- 
tive is 3-5 times as toxic as tlio unmcthylated 
compound, and is inactive with regard to the 
protozoa. Carboxylation loads to similar ten- 
dencies. Many other salvarsan derivatives 
have been prepared and oxaminod. • 

Certain polyaminoarscnobenzcncs are already 
of considerable therapeutic importance, and 
significant developments in this direction seem 
likely. Among these salvarsan analogues the 
following are noteworthy ; — 

4 : 4' D%mdhyl-3 : 4 : 5 : 3' : 4' : 5'-hexamino- 
araenobenzene 



haa low toxicity towards human beings and 
high trypanocidal powers. 

4 : i'-TetrameihyUZ : 4 : 5 : 3' : 4' : 5'-/iea;- 
aminoarsenobenzene • 
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As - — 



N(OH3)a 


As 



, N(CH,), 


and the corresponding ethyl derivative have 
similar pro|)ortic8. These bases have the re- 
markable property of dissolving in soluble 
bicarbonates, giving rise to stable complex 
carbamates precipitated from aqueous solution 
by alcohol or acetone. 

Certain limitations in the usefulness of 
salvarsan have already been mentioned. The 
drug (dihvdrochlorido) does not give rise to 
neutral solutions, and accordingly its application 
is lacking in simplicity. The replacement of 
an atom of hydrogen in one of the amino- 
groups of salvarsan by a motliylcnesulphinic 
group confers sufficient acidity on the mole- 
cule to enable soluble neutral and stable 
alkali salts to be prepared, introduction 

of the methylcnosulphinio group into the 
hydrochloride of salvarsan i.s brought about by 
the action of sodium foriiialdehvdcsulphoxylato 
followed successively by soclium carbonate 
solution and hydrochloric acid. 

Hodium-^ : X-diamino-A : A'-dtkydroxy- 
arsetiobcnzene-^-tneihyleyicsulphinatp, NfO-aalvar- 
san is the sodium salt of the acid thus produced 


As ^ As 

NH,0 On 

OH OH 


NH ClfaG-SONaa 


The product is a pale-yellow powder giving a 
neutral aqueous solution. Its curative effect 
closely resembles that of salvarsaj;^. The phos' 
acid derivative of salvarsan, first prepared 
l)y Mouneyrat, is also an acidic substance 
yielding neutral solutions in aqueous sodium 
carbonate. It is known as Qalyl (No. 111(5 of 
Moiineyrat's series), and its constitution is as 
follows 


IZIZZ As 


Onh nhQ 


(4 : 4i*-Dikydroxyaisenobemenc-2 : X-phoaphamic 
acid). 

* Ludyl (‘ 1151 ’ of Mouneyrat’s serie.s). 
Betizene-m-X : X-disulphamino-bis-Xammo- 
4 : ^'^dihydroxyarsenobenzene 


0 


HO, 
-- SOa NH 


^As ; Ab<;^ \oH 

SOa-NH/— ^ y — V 
HO •• A8<^^0H 


NHa 


a yellowish powder also resembling neo-sal- 
varsan in cts chemical properties and thera- 
peutic action. , 

Co-ordination compounds of metals with 
arsenoaryl compounds were first discovered and 
investigated by Ehrlich, who made known his 
results at the International Congress of Medicine 
held in London in 1013. Danysz shortly after- 


wards made similar observations, and since the 
first communication was made a very large 
number of these complexes have been prepared 
and examined. The arsenoaryls giving the 
best results so far are arsenobenzene, salvarsan, 
and neosalvarsan, and of these the copper co- 
ordination compounds are isolated most readily, 
whilst the silver co-ordination compounds show 
the greater promise in therapeutics. 

The most important of ^ese compounds so 
far produced is that derived from salvarsan, 
silver bromide, and antimony. It is the silv r 
bromide antirnonyl sulphate co-ordination com- 
pound of salvarsan having the formula : 

[C\,H|, 03 NaA 8 ,l,AgBr.Sb 0 (H*S 0 ,),. 

The name Lnaryol has been given to this 
substance, and it promises to be very efficacious 
in protozoal discovses, having much more marked 
trypanocidal properties than salvarsan, with no 
increase in toxicity. Luargol is insoluble in 
water, and is rendered soluble by caustic soda 
(0*4 gram of NaOH to 1*0 gram of drug). It is 
preferably injected intravenously, ill-effects are 
produced by subcutaneous application. 


Mihckllaneous Orqani(3 Derivatives of 
Arsenic. 

Dtcamphorylarainic acid 


O 



A condensation product of sodium, camphor 
and arsenic trichloride, consists of colourless 
transparent prisms ; in p. 266'^ (with decompo- 
sition) ; I8b 0° ; practically insoluble m 

water or petroleum, more soluble m benzene, 
freely soluole in chloroform or alcohol (Morgan 
and Miuklethwait, Chein. Soc. Tran.s. 1908, 93, 
2140; 1909, 95, 147G ; Morgan and Moore, 
Chem. Soc. Trans. 1910, 97, 1699). 

Tricamphorylarsinic acid 



is obtained from the final mother liquors of the 
above preparation after systematic fractiona- 
tion, the ultimate product being a brown 
amorphous solid very soluble in benzene, 
alcohol, or acetic acid, and recovered from those 
solvents as a viscid mass (Morgan and Mickle- 
thwait, I.C.). 

Cyclic derivatives of arsenic have been ob- 
tained recently (Gridhner and Wiemik, Ber. 
1915, 48, 1473 ; 1910, 49, 437 ; Lappe, Bull. 
Soc. chim. 1910 [iv,] 19, 151, 290) by employing 
the Grignard reaction ; phenylcyclopentamethyl- 
enearsine (I.) and methylcyclopentamethylcne- 
arsine (II.) : 




^AsC^Hj 


piT 


^AsCH, 


11. 


Arsenical derivatives of thiophen may be 
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i^nthesiBed by the use of organo-mercury com- 
pounds as employed by Michaelis in his earlier 
work (Miohamis, Annalen, 1(180, 201, 196 ; 
1902, 320, 272). 

Thienylarsenioua chloride (I.), DithienyU 
arsenious cAlortde(Il.),aiid Trithiejiylarsint (111.): 

CH— CH rCH— OH-l 

OH II asCI, liH C- AiCl 

\s/ L\s/ J. 



III. 


are obtained as successive fractions from the 
filtrate when arscmous chloride and mcrcuri- 
dithienyl are allowed to react under carefully 
regulated conditions (Steinkopf, with Baiier- 
mcister, Annalen, 1017, 413, 331). 

This reaction was first studied by Finze and 
Fiirlotti (Gazz chim. ital. 1915 |ii.J 45, 280, 290 
who oxidised the two cliloro- compounds to the 
corresponding Ihicnylarstmc and dtthienylarstnic 
acids. 

Hirozitium ckloroarainobehenolate 
Sr(C„H 3 g 03 A 8 Cl'*, 

a colourless amorphous precipitate introduced 
into pharmacy under the name of Elarson, and 
giving good clinical results in anaemia, is pro- 
parecT by heating together bchcnolic acid and 
arsenious chloride at 140’, the additive com- 
pound being then treated successive! v with 
aqueous caustic alkali and methyl-alcoholic 
strontium chloride containing ammonia. In 
this process arsenious chloride is added to the 
triple linking of behenolic acid (E Fischer, 
Annalen, 1914, 403, 109) 

— — — C=C/“^ 

Cl Lci, k AsO 

Protein combinations containing arsenic . — 
Insoluble combinations containing firmly 
attached arsenic which does not give the 
ordinary analytical reactions of the element 
are produced by dissolving albumin from white 
of egg in acetic anhydride, and by adding 
successively to the solution phosphoric anhydilde 
and arsenious chloride. The protein precipitate 
is freed from phosphoric and arsenious acids by 
washing with water (Guezda, D. R. P. 201370). 

Arsenical preparations insoluble in the gas- 
tric juices are produced by adding arsenious chlor- 
ide to gliadin or glutenin suspended in alcohol. 
The final product is soluble m hot water and 
contains 4‘3 p.c. 6f arsenic (D. R. P. 214717). 

Soluble stable combinations of salvarsan 
base and proteins have been recommended for 
use in therapeutics (D. R. P. 261542) ; they are 
prepared by dissolving in alkali the additive 
compounds of salvarsan, and the alkali salts of 
lysaibic and protalbic acids or similar protein 
acids. ' The reacting alkali salts are precipitated 
by alcohol-ether or obtained by concentration 
in vacud, 

Thb Use of Oeqanic Abssnicals in 
CH smcAL Wabfabe. 

The o 1 anio arsenicals chiefly employed in 
the chemical offensive of the Great War were 


ai'omatio arsenicals containing tervalent 
arsenic. Those compounds had ^ery disagree- 
able physiologicfld properties and functioned as 
laohrymators, sternutatoiB and rcspiiatorv 
irritants. Diphenylarsenious chloride {diphenyl- 
ehloroarsine) possessed those irritating proixurtics 
in a vciy marked degree. It was prt'pared for 
this purpose by heating triphenylarsine (2 mols.) 
and arsenious chloride (1 moL) at 3(X)^ in auto- 
claves. The by-product of this reaction, phenyl- 
arsenious chloride, was also a respiratory irritant 
anJ had a vesicating action on the skin. It 
was sf paratcd by fractional distillation from 
diphenylarsenious chloride. 

Altei natively phenylarsinic acid was pre- 
pared from sodium arsenito and benzenedia- 
zonium chloride in presence of copper sulphate 
(Bart's reaction'. This acid, reduced with 
sulphurous acid in the presence of hydrochloric 
acid, gave rise to plumvlaixonious chloride. The 
latter compound dissolved in aqueous rodium 
hvdroxidc and treated with beiizenediazonium 
cfiloride funil««hed diphenylai'sinio acid, which 
on reduction with sulphurous and hydrochloric 
acids yielded diphenylarsenious chloride. The 
overall yield by these procosso-i varied between 
24 and 3() per cent. The foregoing repetition 
of the Bart reaction was avoided by a combina- 
tion of the Michaelis and Bart method leading 
to diphenyl- arsenious idilorlde wh«n triphcnyl- 
arsino is heated to 300'^ with plicnylars: nious 
chloride. 

Diphenylarsenious cyanide (C 3 H 3 )gAs GN. of 
which largo quantities were employed in the 
later stag(*s of the war, was manumotured by 
digesting diphenylarscmiouH chloride with a 
warm concentrated aqueous solution of sodium 
or potassium cyanide. It was obtained in 
colourless cryid»,l 3 melting at 31°. 

The aromatic arsenicals containing qiiinque- 
valent arscmio, such as triphenylarsine dichloride, 
when vapourised by heat, behaved as ster- 
nutatois and re.spiratory irritants; but this 
effect was probably due to the formation of 
compounds of tervalent arsenic akin to 
diphenylarsenious chloride. The corresponding 
organic antimonials, although irritant and lethal, 
offered no advantages over the aromatic 
arsenicals. 

The aliphatic arsenicals of the cacodyl and 
alkyl arsenious chloride senes were found to bo 
respiratory irritants and lethal agents, methyl - 
arsenious chloride, ethylarsenious chloride and 
cacodyl cyanide being among the most toxg;. 
Methylarsemous chloride was manufactured in 
America by methylating sodium arsenite with 
dimethyl sulphate, reducing the resulting sodium 
methylarsinate to methylarBenious oxide, and 
treating this oxide with hydrogen chloride. 
Ethylarsenious chlonde, manufactured at Hochst 
and Ludwigshafen, was prepared by a similar 
series of processes, starting from sodium arsenite 
and ethyl chloride (Journ. Indust. Engin. Clem. 
1919, 11, 105, 826). But on the whole those 
aliphatic derivatives were not more effective in 
producing casualties than the abows-described 
aromatic arsenicals. 

Bibliography . — Organic Compounds of Ar- 
senic and Antimony, Q. T. Morgan. London. 
1018. Handbuch der Organischen Arsenverbin- 
dungen, A. Bertheim. Stuttgart. 1013. Die 
Aromatische Arsen verbindungen, H.* Schmidt. 
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Berlin. 1912. Dir Arzncimittel Kynihese, S. 
Fraenkol. Berlin. 1912» 603. Salvanuin or 
* 606 ' ^oxydiaminoarHenobenzol). Its Che- 
mistry, rharmocy, and Therapeutics, (W. H. 
Alartindalc. London. 1911.) Chimie ot toxi- 
cologic de Tarscnic ot do ses composes.* A 
Valeuro. Paris, 1904, U. T. M, 

ARGATOXYL. iSilver-p-aniinophenyl arse- 
nate. 

AROOCHROM. Silver methylene blue. 

ARSALYTE. Dimethyl amino tetramido 
arsenobenzeno. 

ARSAMINAL. Jiuianoso name for salvarsan. 

ARSENICAL PYRITES or Arsenical muntltc. 
Names commonly used by miners for the mineral 
mispickel iq.v.) or nrsenop^tlc (PcAS), winch ts 
the principal ore of arsenic. 

Arsenic mould. PvnxcilUum hrvmcnule. 

This organism, first obtained bv Gosio, in 
presence of an arsenic compound, hirms dieikyU 
arsine AslffCgllft)., to whi<*h the poi.soiious gas 
developed by wall-paiiors containing arsenic is 
probably due. The ftjrmatioii of dicthyiarsinc 
by the action of this mould has Ikhui used as a 
test for arsenic by Markmann ((’horn. Zentr 

1900, ii. 1187); (ialh- Valerio and Hirzyzowski 
{ihid. 1001, i. 63). 

PeniciUium hrcvicauU also givi'S garlic or 
mercaptan- like lalours with compounds of 
selenium and tellurium (Muossen, (Jhem. Zontr. 
1902, i. 1246). 

ARSINOFERRATIN. Sodium arseno-ferri- 
albuminate. 

ARSENOGENE. Trade name for an albu- 
minous preparation of arsenic and iron obtaine<l 
by heating ]ioptonis<'d casein with arsenic acid 
and ferric ammonium Hulphatc. lised m medi- 
cine (Saikowski. Apoth. Zeit. 1908, 23, 114). 

ARSENOPYRITE v. Mishi kki.. 

ARSENOTRIFERRIN. Iron arseno-p- 
nucloinate. 

ARSEN-PHENOLAMINE. Syn. for salvar- 
san. See Arsknk'aun, Okoank*. 

ARSINE. Arsenic inhydride (r. Ahskmo). 

ARSINOSOLVINE. Hodium salt of ammo 
phonylarsonio atdd. 

ARSPHENAMINE. U.S. Pharm. title for 
salvarsan. 

ARTARINE (^.UaaO.N, m.p. 240", is an 
amorphous alkaloid from Ar ar-root of Xanthory' 
Um senegnhmte, Thehydroehloride H,H(*I,4H,t) 
forms yellow needles, very little soluble m water 
(Giaeosa and Sonve, Gozz. chim. itsl. 1889, 19, 
30?). 

ARTEMISIN. An alkaloid isolated by Merck 
from the mother liuuors obtained in the prepara- 
tion of santonin from the setMis of Artemisia 
maritima. Forms colourless crystals; m.u. 
200® ; sparingly soluble in water! more soluble 
in alcohol ; [ a 84*3 \ With hot soda solution 
gives a carminc-red solution, colourless on 
cooling. Gives an oxime with hydroxylamine, 
and a hydrazono with phonylhydrazine ( Bortolo, 
Pharm. J. 1902, 489 ; Freund and Mai, Ber. 

1901, 3717; cf, Wedekind and Koch, Ber. 
1905, 1846 )m». S^ntonioa). 

ARTERENOL. Trade name for o - Dthydroxy • 
phenylaminomethyl carbinol hydroehloride. 
V. Adbjbnaunb. 

ARTICHOKE* Three vegetables are known 
by this name: (1) the Globe artichoke — the 
flower head of Cynara scolymua ; (2) tlie Jem 


Salem artichoke — the tuber of Heitanthus 
tvberosus ; (3) the Japanese or Chinese artichoke 
— called also Chorogi — the tuber of Stocky 
tuberifera. 

The following are analyses of the tubers of 
the two latter : — 

Carbo- 

Water Protein Tat hydrates Ash 

Jerusalem arti- 
choke . . 79-6 2-6 0-2 16-7 lO 

Stachys tuberifera 78-05 4-32 0*10 14-63 1-21 

(Strohmerand Stift, Bied. Zentr. 21, 820.) 

The ‘protein* of the Jenisalcm artichoke 
includes much material other than true proteid ; 
the carbohydrates consist largely of inulin and 
levuiin. 

According to Tanrct (Compt. rend. 1803, ll?* 
60), two other cnrhohydrAieB^helianthenin m.p. 
176*, 12 (‘|Hjo 05 -f 3HjO, and aynanthrin, m.p. 
170*. 8CgH,oOg-f H.O — are abo present, and the 
Icvulin or synantnrose described by other 
observers as occurring in artichokes, is a mixture 
of saccharose and synanthrin. 

The tubers of Stachys ivhertfera Contain many 
nitrogenous substances of an amide nature — 
glutamine, tyrosine, arginine, choline, trigonelline^ 
and the characteristic bo<ly, siachydrtne 


CH/ I >0 

The amount of the bust-named is estimated at 
0*18 p.o. of the dry substanco (Schulze and 
Trior, Zcitsch. physiol. Chem. 1910, 67, 60). 
The characteristic carbohydrate is atachyose 


0 , 


(<7.v.). 

ARTOCARPUS BARK. The 


H. I. 
inner bark 


(bast) of the bread-fruit tree [A. tncisa (Linn.)] 
is used by the South Sea Islanders for making 
ropes and clothing. According to Moeller 
(Dingl. poly. J. 231, 403), this fibre would pro- 
bably bo a very useful one. It can be obtained 
in largo quantities. 

ARTOCARPUS INTEGRIFOLIA (Linn. f.). 
{Jack Tree) v. Jackwood ; Dyks, Natusau 

ARUM MACULATUM (Linn. ). The common 
arum, * wake robin,* or ‘ lortU and ladies,* ‘ cows 
and calves,* formerly known as * abron * janus, 
* ramp,* * starch w ort,' contains a starch w’hich 
was made into a kind of arrowroot in the Islo 
of Portland, and was the active ingredient of 
' Portland powder,* a so-called specific for gout. 
Occasionally sold in Paris as a cosmetic, under 
the name of poudre de Cypre. 

Amorphopkallus eampanulalus (Blume) is 
used in India as a vegotablo and also in medicine, 
as are other of the Arums. Many of the Arouleao 
apt as poisons, their toxic action being due 
apparently to the irritation induced by the 
raphides contained in the cells (Pcdlcr and 
Warden, Jour. Asiatic Soo. of Bengal, 67, 2, 
106 ; Stahl ; Pflanzen und Schnecken, Zeitsch, 
Nat. u. Med. Jena, xxii. N. F. xv. 1888). 

ASAFOBTIDA v. Gum BEsnra. 

ASAPROL V. Abbastoi.. 

ASARUM CANADENSE (Linn.). A plant 
indigenous to North America, where it is known 
by the names of ' Wild Ginger,' or ‘ Canada 
Snake-root.* The rhizome yields on distillation 
an essential oil used in perfumery, containing a 
phenol CtHi',0^, d- and I- pinene, d-linakxd, 
•borneol, I-terpineol, geranioi, eugenol methyl 



Al^ESTOS. 


m 


etJier, a lactone C, 4 H^Ot» a mixture of fatty 
acids, including pau^tio and acetic, and a blue 
oil of undetermined composition, consisting of 
oiygenated substances of alcoholic nature 
(Power and Seed, Chem. Soc. Trans. 1902, 
81, 59). 

ASBARO. Asbarg consists of the dried 
flowers and flowering stems of the Delpfnnium 
zaltl, which is found in great quantity in Afghani- 
stan. The dyestuff is collected and taken to 
Multan and other Punjab towns, from which it 
is conveyed all over India. It is or was much 
used in silk-dyeing for the production of a 
sulphur-yellow colour known as *gandkaki,* 
ana, together with Datisea cannabim, to obtain 
a similar shade on alum-mordanted silk ; it is 
also used in calico-printing. The flowers, which 
are bitter, are likewise employed medicinally as 
a febrifuge. 

The colouring matters of asbarg are present 
entirely as glucosides, and are best isolated in 
the crude condition by digesting the boiling 
aqueous extract with a little sulphuric acid 
(Perkin and Pilgrim, Chem. Soc, Trans. 1898, 
298). A brownish -yellow powder thus separates, 
which contains three substances : isorhamn'cttn, 
quercs^tn, and kaempferd. 

Isor/iamnfh'irOigHj.O?, the sparingly soluble 
constituent, forms yellow noemes, resembling 
rhamnetin in appearance. With load acetate 
in alcoholic solution, an orange-rod precipitate 
is formed, whilst ferric chloride gives a greenish- 
black colouration. Fused with alkali, phloro- 
glucinol and protocalrchmc acid are produced, 
and when air is aspirated through its alkaline 
solution, phloroglucinol and vanilUc acid are 
obtained. 

With acetic anhydride tsorhamnetin gives a 
icira-acctyl derivative C, 4 H, 07 ( 0 |H 8 ()) 4 , colour- 
less needles, m.p. 195°~199° ; and with methyl 
iodide a trimethyl ether, which is identical with 
quercetin tettameihyl ether. As, moreover, by 
the action of hydriodic acid isorhamnetin yiclcls 
quercetin, its constitution can only be ropro- 
sjnted as follows * — 




OH ^ 


The dyeing properties of isorliamnctin are 
similar in character to those given by kacmnforol. 
isoRhamnetm is also present in yellow wallnowers 
[Cheiranthus cheiri) (Perkin and Hummel), and 
in red clover flowers, Trifolium praienae (Power 
and Salway, Chem. Soc. Trans. 1010, 97^245). 
A description of the more soluble colouring 
matters quercetin {quercitron hark) and kaemp- 
ferol {Delphinium coneolida) is given elsewhere. 

In dyeing properties asbarg closely resembles 
quercitron bark, but yields with aluminium 
mordant a purer or less orange-yellow. It is, 
however, a much weaker dyestuff, having but 
35 p.c. the dyeing power of quercitron bark. 
The colouring matter of the flowers, apart from 
the flowering stalks, is present to the extent of 
3 *4^.0. 

The stems and flowers of the D. aaniculcB’ 
folium gives shades analogous to, though some- 
what weaker than, those yielded by the D. zalil. 

A.G. P. 


ASBESTOS, rom derflfirret, ^unquenehed.* 
Both in ancient and modem times various 
silicate minerabi, closely nwombling one another 
in their finely fibrous texture and flexibility^, 
have been and are still confused under this 
name. The same is true also of the name 

* amianthus* or 'aminatos* (i/ifarror, 'un- 
defilcd,' because not injured bv fire). They are, 
therefore, collective names of no more definite 
signification than the adj^tive * asbestiform.' 
Mineralogists are, however, agreed in limiting 
the name asbestos to the fibrous forms of horn- 
blende, but tills limitation is not generally 
observed. Any ambiguity mav be avoided by 
using the 'terms ainjmibole-asbestos (or horn- 
blende-asbestos), 8er()cntinc-asbo8to8, Ac., for 
these asbestiform miuernN. The finoly fibrous 
texture is, of course, an accidental character of 
the mineral species, depending on the enormous 
elongation in one direction of the individual 
crystals which form the aggregate. Such a 
character might, indeed, be assumed by many 
kinds of minerals ; but it is only the following 
that are of any importance in this connection - 

Tromolite, CaMg|(SiO,)«. 

Actinolite, Ca(^lg,Fo),(8iO.)4. 

Crocidolite, NaFo"'(SiO4)4*Fe"Si03. 

Anthophyllito, (Mg,Fo)Si 04 . 

Serpentine, H 4 Mg 48 i, 0 .. 

Palygorskito group! (nffgMgiSisOif 
(pilolito, Ac.), / \mH4AT1Si4O i„2H|0. 

The first two of these differ only in the 
relative proportions of the mutually replaceable 
magnesium and ferrous iron (and consequently 
also in their colours, which are white and ^rcen 
respectively), and they are merely varieties of 
the BiiecicB amphibolo or hornblende. Crooi- 
dolite is anotner species of the amphibolo 
group of minerals, crystallising in the mono- 
clinic system, and also with an angle of 50* 
botw'con its prismatic cleavages. It is known 
in the trade as * blue asbestos,' and it gives 
the name to the Asbestos Mountains in South 
Africa, whore it is found. Whilst hornblende 
is more frequently found as stout crystals 
and compact masses, crocidolite, on the other 
hand, is as yet kno\m only in the finely fibrous 
form. Anthophyllite also belongs to the 
I amphibolo group, but is orthorhombio io 
crystallisation. Some of the asbestos mined in 
the United 8taU>s (tioorgia and Idaho) is of 
this kind, Scrjxmtino occurs in nature as large 
rock-masscH, and the compact rock is frequently 
traversed by veins of fibrous 'material of the 
same composition ; the latter is known to 
mineralogists as chrysoltle, and m the trade as 

* asbestos * or * ('aiiadian asbestos.’ In the 
minerals of the palygorskitc group (A. E. Fers- 
man. Bull. Acad. Sci. St. Petersburg, 1908, ii, 
255, 637) the 'fibres rarely show a parallel 
arrangement, but are more usually matted and 
interwoven, giving felted masses known as 

* mountain-leather, ’ mountain-cork,’ and 

* mountain- wood.* It is, however, to be remem- 
bered that these trivial names may also be 
apjiUed to similar aggregates of fifl^ous amphi- 

Fiom a practical point of view, the most 
important of these are tremolite^aehestos and 
eerpentine-oehestoe, which in the trade are known 
as ’ Italian asbestos * and ’ Canadian asbestoe ’ 
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respectively. The former is met with as 
aggregates or bundles of white or greyish fibres, 
sometimes several feet in length, usually arranged 
parallel to the surfaces of crevices in the meta> 
morphic and crystalline rocks of mountainous 
districts. It is mined in the Alps. Urals, and 
Appalachians. The supply is limited and un- 
certain, and the hardness of the enclosing rocks 
makes mining difficult. The principal mines 
are those in the north of Italy, in the Susa and 
Aosta valleys m Piedmont, and the Valtcllina 
in Lombardy. These are, however, now of 
little importance, since the use of hornblende- 
, asbestos has been largely replaced by serpentine- 
asbestos. 

Sorpentine-asbestoB, or chrysotile, occurs in 
small veins forming an irregular network in 
Hor{>entine-rock. It has in the closely com- 
pacted mass an oil-yellow or greenish colour 
with a pronounced silky lustre and a certain 
degree of translucency. When rubbed or 
crushed, it readily separates into white cottony 
fibres (piorro k cotun of the Prciich-C^anadians). 
The fibres aro arranged perpendicularly to the 
walls of the vein, and aro usually only an inch 
or two in length, never exceeding 6 inches. 
The mineral usually contains 2^3 pc. PoO 
isumorphously replacing magnesia. Chrysolite 
is found at all tho localities where serpentino- 
rock occurs {e.g, tho Lizard district in (’ornwall), 
and it is oxtonsively mined in Canada, Uussia, 
Houth Africa, and the Uiutcil States. Of those 
the most important are the Canadian deposits, 
whidi have been worked since 1878. The 
milling districts are near the villages of 'J’hetford, 
Black l.(ake, Vhxst Broughton, and Danville m 
Quebec; and extend over tho United States 
border into Vermont. Tho mineral is also 
mined in Arizona and ('alifornia. In Kussia, 
tho principal deposits are in the Uial Mountains, 
in the neighbourhood of Ekaterinburg and 
Orenburg ; and there aro others in tho Caucasus. 
Recently, rich deposits have been opened up in 
Rhodesia in the Victoria and tho Gwelo districts, 
am) 111 tho (*aroIine district m (he Transvaal. 
The asbestos quarried by tho ancients at 
Karystos in Eubcea (Karystian stone), and in 
Cyprus, was also a serpontinc-asbestoB (J. W. 
Evans, Mineral. Mag. 1908, ziv, 143 ; Geol. 
Mag. 1900, vi, 280). lie suggests tho name 
Kanjatiolite as an alternative for chrysotile, 
owing to its oonfusioii with chrysolite — a synonym 
of olivine). It was used for wicks in the per- 
pefnally burning lamps of tho temples ; and 
was woven into napkins, which could bo cleansed 
by fire, and into cremation shrouds. 

Tho blue asbestos or crocidoUte iq,v,) of 
South Africa has during tho last twenty years 
become of commercial importance and has been 
mined in inoroasingly large amounts. It occurs 
as layers mtorbodilod in the brown jaspers and 
ironstones of tho lower portion of the Pretoria 
series of sedimentary rocks, £nd is q^uarried or 
mined as slabs in wliieh tho fibres of the mineral 
run perpendicularly or somewhat obliquely to 
tho surxaoefci. The belt of crocidolite-bearing 
rocks extends for a distance of about 300 miles, 
with a width of 4>20 miles, from tho Orange 
River through the Asbestos Mountains in 
Griqualand West into Bechuana Land. Beauti- 
ful silky, loose fibrous material is known from 
Goohabamba in Bolivia. 


These various kinds of asbestos differ some- 
what in their resistance to acids and heat. 
Chiysotile is decomposed by hydrochloric and 
■ulphurio acids ; at a red heat (but not below) 
it loses water, and the fibres can bo fused in tho 
bunscn-flamc. Tremolitc-asbestos is not at- 
tacked by aculs, and it is more difficultly 
fusible. On the other hand, tho fibr^ of 
chrysotile are more ffexiblo and more suitable 
for textile purposes. CrocidoUte is readily 
fusible to a black magnetic glass, but it has tho 
advantage that it is but slightly attacked by 
acids, chemical solutions, and sca-wator. It 
possesses a greater tensile strength and is mor.' 
clastic than chrysotile ; and is further a good 
insulator for heat and electricity. Notwith- 
standing these differences, these varieties of 
asbestos aro pub to much the same uses, but 
serpentine -asl^stos is employed in far larger 
quantities. 

Spun asbestos is largely used for steam 
packings, fireproof curtains ; and as cloth, 
twine, and rope it finds a variety of applica- 
tions. As an insulating material, asbestos 
fibre is used for coating steam and hot- water 
pipc.s and cold-storage ])lant8 ; and as a lining 
m safes, stoves, and furnaces. For uso^as a 
constructional fireproof material, it is made 
into bricks, boards, millboards, plasters, and 
paints, being often mixed with other materials. 
The so-called * asbestic,* largely used fur wall 
plaster, is prepared by grinding tho poorer 
manorial and waste, which consists of narrow 
veins of asbestos still enclosed m the serpentine- 
rock. In tho laboratory, asbestos is used for 
filtering (a pure white tromolito-asbestos l>eing 
best for this purpose), for stoppings in com- 
bustion tubes, and m tho form of card for 
supports. Asbestos paper or twine, soaked in 
sodium silicate and aRerwards treated with 
calcium chloride solution, can be used for 
repairing glass apparatus. 

Bcferenccs, — F. Cirkel, Chrysotilo-asbostos, 
its Occurrence, Exploitation, Milling, and Uses 
(Mines Branch, Ottawa, end edit., 1910) ; K. H. 
Jones, Asbestos (London, 1890), and Asbestos 
and Asbestie (London, 1897) ; G. P. Merrill, 
Asbestos and other Asbestiform Minerals (Proc. 
U. B. Nat. Museum, 1895, xviii, 281), and Noii- 
metallic' Minerals (New York, 1010); H. Rics, 
Economic Geology (Now York, 1916) ; Pro- 
duction and U.SCS of Asbestos (Hull. Imp. Inst, 
1905, lii, 277) ; Tho Technical Preparation of 
Asbestos (xhuf. 1908, vi, 393) ; J. S. Dillcr. 
Mineral Resources of tho United States, for 
1915, 1916, ii, 13 ; H. F. Olds, Blue Asbestos 
[Cro(^olito m South Africa] (Trans. Inst. 
Mining and Metall. 1899, vii, 122) ; 0. B. 
Hopkins, Mineral Industry (New York, 1916, 
1917, XXV, 62) ; and Bull. Geol. Survey, Georgia, 
1914, No. 29; G. E. B. Frood, The Cape 
Asbestos Industry [Crocidolite] (Ann. Rep. 
Govt. Mining Engineer, Dept, of Mines, S. 
Africa, 1915 ; and S. African Mining Journ. 
1916) ; P. A. Wagner, Asbestos in South Africa, 
(S. African Joum. of Industries, 1917, i, No. 3) ; 
A. L. Hall, Asbestos in the Union of South 
Africa (Geol. Survey, 1918, Mem. No. 12). For 
an account of the Canadian asbestos industry, 
see J. Roy. Soo. Arts, 1913, 62, 36). 

L. J. S 
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ASEPTIN. Trade name for a mixture of 
hydrogen peroxide, boric acid, and salicylic acid; 
used as an antiseptic. 

ASEPTOL. Trade name originally given to 
a solution of o-phenolsulphonic acid (Vf«(OH) 
SOaH. It is a thick reddish fluid, of 1 *45 sp.gr., < 
having a faint odour like phenol. Occasionally 
called sozolic acid. It is an antiseptic, but does 
not possess the poisonous action pec ti bar to 
phenol, and is therefore recommended for ' 
surgical and ophthalmic operations (Cliem. 
Zentr. 1884, 720). 

The aseptol of Aferck is p-phcnol snlphonic 
acid mixed with about 0 p.c. of llie o-acid ‘ 
(Obcrmiller, ('hem. Zentr. 1907, 1(115). 

The name is also given to a preparation con- ‘ 
taining from 0‘25 to 10 parts potassium oxy- 
quinoline sulphate, 0‘5 to 10 part.s soap, dissolved ! 
in 1000 parts of water, mixed with tcrpincol or 
other aromatic sub.stances, and occasionally 
glycerol (l*harm. Zeit. 1897, 770). 

Aseptol Ls also the name given to an ill-defined 
mixture of phenyl ethers and sulphonated i 
phenols, obtained by the action of sulphuric 
acid on phenol in iiresonce of alcohol (Trillat, 
J. Soc. (’hem. Jnd. 1892, 1028). 

*ASFRAX or Ttayaniana. An Indian drug, 
comsmting of the tlowcrs, flower -stalks, and im- 
mature fruit of a species of Delphimttm. Used 
in Hombay a.s a medicine, and as a \ellow dye 
for Bilk (llymock, Pharm. J. ^3] 8, 161). 

ASH. This term i.s sometimes used to denote 
the inorganic or mineral matter contained in any 
substance, but more generally refers to the 
residue loft on completely burning or incinerating 
it. The two meanings are not necessarily the 
same, since in any animal or vegetable substance 
the inorganic constituents are usually present in 
very different states of combination to those m 
which they occur in the residuo loft when the 
substance is completely oxidised. 

'J’o ascertain the exact amount and com- 
position of the inorganic matter present m any 
organic substance is often a matter of con- 
siderable difficulty, and, in many cases, is 
impracticable. 

The terra ‘ ash * should be used, therefore, 
only in the second sense given above. 

Most animal and vegetable substances leave, 
on combustion, a residuo containing the follow- 
ing constituents in varying proportions ; — 


Acidic 
(]!hlorino 
(Darbon dioxide 
Sulphur trioxide 
Sulphur 

Phosphorus pentoxide 
Silica 


Basic 

Sodium 

Potassium 

Calcium 

Magnesium 

Iron 

Manganese 


tiou of the amount and composition of the ash 
of animal and vegetable substances, though, 
perhaps, inadequate to ascertain t^o exact 
nature of the inorganic constituents of the 
organised^ bodies, affords valuable information 
as to their fitness as foodstuffs, and as to tlie 
no<xl8 of animals or plants. 

In the process of incineration, there is great 
danger of loss of chlorides of potassium and 
sodium by volatilisation, also of reduction of 
phosphates and sulphates bv the reducing action 
of the hot carbon. Bcrtheiot ])ropo8od to over- 
come those difficulties by heating in a current 
of oxygon, the substance to be incinerated being 
previously mixed with a known weight of 
sodium carbonate (('onipt. rend. 128, 23; cj. 
Roberts Analyst. 1918, 254). 

Shuttloworth ((’hem. Zentr. 1899, ii. 114)^has 
suggested the addition of calcium acetate in 
order to prevent the sintering which is so often 
an obstacle to complete incineration, and lias 
devised a special platinum veH.sel in order to 

f ire vent loss of chlorides by volatilisation, and to 
lastcn incineration. A niodilied form of this 
apparatus is desuribed by Tucker (Bor. 32, 2583). 

A convenient method of minimising the loss 
of cnloridos by volatilisation is to char the 
substance thoroughly at a moderate temticrature, 
then cool and extract the black residue with 
water, filter off the soluble matter, and complete 
the incineration of the residue after drying. 
When all black particles have disappoarod, the 
residuo is allouinl to cool, the aqueous extract 
adde<l, evaporated to dryness, and then 
moilerately heated. Addition of ammonium 
nitrate to the black char hastens the combustion 
of the carbon. 

Ash of animals. 1'ho proportion of ash con- 
stituents pre.sent in the whole body of an animal 
d( ])ends largely upon its condition, being greater 
in lean than in fat animals. According to the 
Botharnsted experiments, the following table 
gives the average proportions of ash and of its 
mam constitm^nts in the whole bodies of various 
farm animals in a fatted condition : — 


Other constituents, generally in small quantities, 
are also often present. 

In the originali/Substance the greater portions 
of the basic constituents in the above list are 
probably present in combination with organic 
acids, and, consequently, are left in the ash as 
carbonates (often largely the case with potash 
and soda) or as oxides nortions of the lime, 
magnesia, oxides of iron, ana manganese) ; while 
the carbonates, sulphates, and phosphates are, 
in many cases, derived from organic combina- 
tions of carbon, sulphur, and phosphorus exist- 
ing in the original substance. The determina- 


— 

Twtol 

ash 

Pho8- 

plioric 

achl 

Lime 

CaO 

Maa- 

nesla 

MgO 

Potash 

KiO 

Fat calf 

3-9 

1*54 

106 

008 

0-21 

Half -fat ox . 

61 

184 

211 

009 

0-21 

Fat ox . 

42 

1*65 

1*79 

006 

018 

Fat lamb 

3-2 

M3 

1-28 

006 

(^17 

Store sheep . 

3-3 

M9 

1-32 

006 

017 

Fat sheep 

30 

104 

M8 

006 

016 

Store pig 

2-8 

107 

1 08 

006 

0-20 

Fat pig 

1-7 

006 

004 

003 

014 


Tho other constituents of the ash consist 
chiefly of sodium, chlorine, fluorine, iron, man- 
ganese, iodine, and silica. 

The bones and teeth contain the greater part 
of the phosphoric acid, lime, magnesia, and 
fluorine; potash is present larg^ in mi:^le, 
blood, and many of the secretions; sodium, 
chiprine and iron are largely present in the 
blood and the secretions, while iodine is mainly 
accumulated in the thyroid gland. 

(For the amount and composition of the ash 



ash. 

The following table, compiled ohtofl^^ from WolfTi analyses, gives the average proportioof 
of ash and of its chief components in various fresh or air-dried agricultural products. 

100 parts of the substance contain : — 


Substance 

Water 

; Ash 

K 2 O 

Na20 

MgO 

CaO 

PaOa 

SOs 

StOa 

Cl 

8 





L Qrttn Fodder, 






Meadow grass 


70-0 

2-33 

060 

0*16 

0*11 

0*27 

015 

012 

0*69 

0*19 

0-06 

Rye grass 


700 

213 

0:63 

0*09 

0-06 

0*16 

017 

008 

0*84 

0*11 

0-07 

Timothy grass 


700 

210 

0-61 

0*06 

0*08 

0*20 

0*23 

0*08 

0*75 

0*11 

0*08 

Oats, in blossom 


770 

166 

0*65 

0*06 

0*05 

0*11 

014 

006 

0*65 

0*07 

0*04 

Barley, „ 


080 

2*25 

009 

0*01 

0*07 

0*14 

0*22 

0*07 

1*08 

0*08 

0*07 

Wheat, „ 


600 

2-17 

066 

0*01 

0*06 

0*07 

0*10 

0*04 

1*23 

0*06 

0*06 

Rye fodder . 


700 

163 

0-63 

0*01 

0*06 

012 

0*24 

002 

0*62 

— 

— 

R^ clover . 


800 

1-34 

0-46 

0*02 

0*16 

0*46 

0*13 

0*04 

0*04 

0*05 

0*05 

White clover . 


810 

1-36 

0*24 

0*11 

014 

0*44 

0*20 

012 

0*00 

004 

0*06 

Lucerne 


76-3 

1*76 

0*46 

002 

0*10 

0*85 

0*16 

on 

0*04 

0*03 

0*08 

Sainfoin 


78-6 

M6 

0*46 

0*02- 

0*07 

0*37 

0*12 

0*04 

0*05 

0*03 

— 

Green vetches 


820 

107 

0*66 

0*05 

on 

0*41 

0*20 

0*06 

0*03 

0*05 

0*03 

Potato tops . 


770 

M8 

0*07 

0*01 

0*27 

0*66 

0*06 

0*06 

0*06 

004 

0*05 

Mangold tops 


00-7 

M8 

0*43 

0*31 

0*14 

0*17 

0*08 

on 

0*07 

0*17 

0*06 

Sugar-boot tops 


80-7 

1-80 

0*40 

0*30 

0*33 

0*30 

0*13 

0*14 

0*06 

0*10 


Turnip tops . 


898 

1-40 

0*32» 

0 11 

0*00 

0*45 

0*13 

0*14 

0*05 

0*12 

0*95 

Chicory tops . 


86 0 

1-87 

1*12 

0*01 

0 06 

0*27 

0*17 

017 

0*02 

0*03 

— 

Carrot tops . 


80 8 

261 

0*37 

060 

0*12 

0t86 

012 

0*21 

015 

0*19 

0*14 

Cahbago heads 


880 

J-24 

000 

0*06 

0*04 

0*19 

0*20 

0*11 

0*01 

0*03 

0*05 

Kohl-rabi tops 


860 

203 

0*30 

0*10 

0*10 

0*84 

0-26 

0*30 

0*26 

0*10 

— 





IL 

Uay and Straw, 






Meadow hay • 


14-4 

660 

1*71 

0 47 

0*33 

0*77 

0*41 

0*34 

1*97 

0*63 

0*17 

Rod clover hay 


ICO 

666 

1*96 

0*09 

0*69 

1*92 

0*56 

0*17 

0*16 

0*21 

0*21 

White clover hay 


100 

003 

*1*06 

0*47 

0*60 

1*94 

0*85 

0*63 

0*27 

0*19 

0*27 

Lucerne hay . 


16 0 

600 

1*62 

0*07 

0*35 

2*88 

0*51 

0*37 

0*12 

0*11 

0*26 

Sainfoin hay . 


100 

453 

1*79 

0*08 

0*26 

1*40 

0*47 

0*16 

0*18 

0*14 


Oat hay 


140 

018 

2*41 

0*20 

0*20 

0*41 

0*61 

0*17 

2*06 

0*26 

0*16 

Wheat straw . 


141 

4-20 

0*49 

0*12 

Oil 

0*26 

0*23 

0*12 

2*82 



0*16 

Rye straw 


16-4 

407 

0-76 

013 

0*13 

0*31 

0*19 

0*08 

2*37 

— 

009 

Barley straw . 


140 

4 39 

0*03 

0*20 

0*11 

0*33 

0*19 

0*16 

2 36 



0*13 

Oat straw 


141 

4 40 

007 

0*23 

0*18 

0*36 

0*18 

0*16 

2*11 



0*17 

Maize straw . 


140 

4*72 

1*60 

0*06 

0*20 

0*60 

0*38 

0*25 

1*79 

— 

0*39 

Pea straw 


14-3 

4-92 

1*07 

0*26 

0*38 

1*86 

0*38 

0*28 

0*28 

0*30 

0*07 

Fiold bean straw 


180 

5-84 

2*69 

0*22 

0*46 

1*36 

0*41 

0*01 

0*31 

0*81 

0*22 

Buckwheat straw 


100 

617 

2*41 

on 

0*19 

0 96 

0*01 

0*27 

0*28 

0*40 



flax straw . 


140 

310 

M8 

0*16 

0*23 

0*83 

0*43 

0*20 

0*22 

0*16 

0*14 

Flax, whole plant 


250 

3-23 

M3 

016 

0*29 

0*60 

0*74 

0*16 

0*08 

0*19 



Hop 


2do 

7-40 

1*94 

0*28 

0*43 

1*18 

0*90 

0*38 

1*69 

0*34 

0*20 

Hops . 


120 

608 

2*23 

0*13 

0*21 

1*01 

0*90 

0*16 

0*92 

0*02 

0*48 

'robaoco 


180 

19-76 

6*41 

0*73 

2*07 

7*31 

0*71 

0*77 

1*92 

0*88 



Heather 


200 

301 

0*48 

019 

0*30 

0-68 

0*18 

0*16 

1*27 

0*08 



Rruuin . 


ICO 

409 

0*69 

0-06 

0*28 

0*32 

0*16 

0*07 

0*19 

0*06 



Fern . • 


ICO 

589 

2*62 

0*27 

0*45 

0*83 

0*57 

0*30 

0*36 

0*60 



Reeds . 


180 

306 

0*33 

0*01 

0*05 

0*23 

0*08 

0*11 

2*75 

— 



Soduo . 


140 

0-95 

2*31 

0*61 

0 29 

0*37 

0*47 

0*23 

2*18 

0*39 



Riisu • • 


140 

400 

1*67 

0*30 

0*29 

0*43 

0*29 

0*40 

060 

0*65 

— 





III. Rook Crops, 







Potato . 


750 

004 

060 

0*01 

0*04 

0*02 

0*18 

0*06 

0*02 

0-03 

0*02 

Artichoke • 


800 

103 

0*07 

— 

0*03 

0*04 

0*10 

9 03 

— 

0*02 



Mangold 


88*3 

080 

0*43 

0*12 

0*04 

0*04 

0*08 

0*03 

0*02 

0*06 

0*02 

Sugar bect^ . 


810 

0-80 

0*40 

0*08 

0*07 

0*05 

0*11 

0*04 

0*03 

0*02 



'fumip . • 


900 

0-75 

0*30 

O-OS 

0*03 

0*08 

0*10 

0*11 

0*02 

0*03 

004 

White turnip 


01 0 

0-61 

0*31 

0*02 

0*02 

0*08 

on 

0*04 

0*01 

0*04 



Kohl-rabi . 

a 

87-7 

005 

0*49 

0*06 

0*02 

0*09 

0*14 

0*08 

0*01 

0*05 



Carrot . 

• 

SCO 

0-88 

0*32 

019 

0*05 

0*09 

on 

0*06 

0*02 

0-03 

001 

Chicory • 

• 

800 

104 

0-42 

0-08 

0*07 

0-09 

0*15 

0*10 

0*06 

004 
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Snbttanee 

Water 






P.O, 

SO» 

SlOg 

01 

8 





IV. Grains and Seeds. 






Wheat . 


14-3 

1*77 

0-55 

006 

022 

0*06 

0*82 

004 

003 

— 

0*16 

Rye 


14*9 

1-73 

0*54 

003 

019 

006 

0*82 

0*04 

003 

— 

017 

Barley . 


14*5 

218 

0-48 

006 

018 

005 

0*72 

005 

0*69 

— 

0*14 

Oats 


14-0 

204 

0-42 

0*10 

018 

0*10 

0*55 

0*04 

1*23 


0*17 

Spelt . 


14-8 

3-68 

002 

006 

0-21 

0*09 

0*72 

0*06 

1*58 

— 

— 

Maize . 


13-6 

1-23 

0-33 

002 

0*18 

003 

0*56 

OOl 

003 

— 

0*12 

Sorghum 


14-0 

1*60 

0-42 

005 

0-24 

002 

0*81 

— 

0*12 

— 

— 

Millet . 


130 

3-90 

0-47 

0-04 

0*33 

0*04 

0*91 

OOl 

206 

— 

0*18 

Paddy rice • 


12*0 

6-90 

1-27 

0-31 

0-69 

0*35 

3*26 

0*04 

0*04 

— 

— 

Rice 


130 

0-34 

0 08 

002 

005 

OOl 

0*17 

— 

0*01 

— 

— 

Buckwheat . 


141 

0*92 

0-21 

006 

012 

0*03 

0*44 

002 

— 

0*02 

— 

Flax seed 


11-8 

3-22 

104 

006 

0-42 

027 

1*30 

004 

OOl 

— 

0*17 

Peas 


13-8 

2*42 

008 

009 

0*19 

0*12 

0*88 

008 

0*02 

0*06 

0*24 

Field beans . 


141 

2-96 

1*20 

004 

0*20 

0*16 

MO 

0*15 

0*04 

0*08 

0*23 





V. Fruits, cfec. 







Apple, whole fruit 


84-0 

0*27 

010 

007 

002 

OOl 

0*04 

0*02 

0*01 



Pear, „ „ 


80-0 

0-41 

0*22 

004 

002 

0*03 

0*06 

0*02 

0*01 

— 

— 

Cherry, „ „ 


78*0 

0-43 

0*22 

001 

002 

0*03 

0*07 

0*02 

0*04 

OOl 

— 

Plum 


82-0 

0-40 

0-24 

— 

0*02 

0*04 

006 

0*02 

0*01 

— 

— 

Acorns, fresh 


5b -0 

0-90 

002 

001 

005 

0*07 

0*16 

0*06 

0*02 

OOl 

— 

Beech mast . 


180 

2-71 

002 

0-27 

0*31 

0*67 

0*66 

0*06 

0*06 

OOl 

— 

Horse chestnuts 


49*2 

1-20 

0-71 

— 

001 

0*14 

0*27 

0*02 

— 

0*08 

— 





VI. Leaves — 

Auiumn. 

• 





Mulberry 


67 0 

M7 

0-23 

— 

006 

0*30 

0*12 

0*01 

0*41 





Horse chestnut 


00 0 

301 

0-69 

— 

024 

1*22 

0*26 

0*06 

0*42 

0-12 

— 

Walnut 


60 0 

204 

0-76 

— 

0*28 

1*63 

0*11 

0*08 

006 

0*02 

— 

Beech . 


550 

305 

016 

002 

0*18 

1-37 

013 

0*11 

1*03 

OOl 


Oak 


600 

1*96 

007 

OOl 

008 

0*96 

0*16 

009 

0*61 

— 

— 

Scotch fir • 


550 

063 

006 

— 

0-06 

0*26 

0*13 

0*03 

0*08 

0*03 

— 

Spruce . « 


550 

203 

004 

— 

0*06 

0*40 

0*21 

007 

1*84 

— 

— 




VII. Manufactured Products. 






Fine wheat flour 


13-6 

0-41 

015 

001* 

0 03 

OOl 

0*21 









Wheat bran . 


13-5 

6-66 

1-33 

0 03 

0*94 

0*20 

2*88 

— 

0*06 

— 



Rye Hour 


14-2 

109 

065 

0 03 

0*14 

0*02 

0*86 

— 

— 

— 



Rye bran 


131 

714 

193 

009 

M3 

0*26 

3*42 

— 

— 

— 

• — 

Barley flour . 


140 

200 

0-68 

005 

0*27 

0*06 

005 

0*06 

— 

— 

— 

Maize meal . 


140 

005 

0-27 

003 

0*14 

006 

0*43 



— 





Malt 


4-2 

206 

046 

— 

0*22 

0*10 

1*07 



0*88 





Malt dust 


9-2 

606 

208 

— 

008 

0*09 

1*25 

0*38 

1*77 





Beer 


900 

OOO 

015 

003 

002 

OOl 

0*13 

OOl 

0*04 

OOl 



Wine . 


866 

0-28 

018 

— 

0*02 

002 

0*05 

OOl 

0*01 





Linseed cake . 


11-5 

6-52 

1-20 

008 

0*88 

0-47 

1*94 

0*19 

0*36 

0*03 



Cotton-sced cake 


11*5 

615 

2-18 

— 

0*26 

0*28 

2*96 

0*07 

0*26 

— 



Potato skins . 


300 

6-71 

403 

006 

0*45 

0*64 

0*23 

0*03 

0-18 

0*14 



Buckwheat groats . 

140 

002 

016 

0*04 

008 

OOl 

0*30 

0*01 

— 

OOl 

— 





VIII 

Wood 

(air-dried). 





•> 

Apple tree • 


150 

MO 

013 

002 

0*06 

0*78 

006 

0*03 

0*02 



Beech, trunk 


160 

0-65 

009 

002 

006 

0*31 

0*03 

001 

0*03 





Beech, brushwood . 

150 

1-23 

017 

003 

0*13 

0*69 

015 

OOl 

012 





Birch . 


160 

0-26 

003 

002 

002 

0*16 

002 

— 

OOl 





Grape . 


160 

2-34 

0*70 

016 

0*16 

0*87 

0*30 

0*06 

002 

002 

__ 

Mulberry • 


160 

1-37 

009 

0-20 

008 

0*78 

003 

0*14 

006 

006 



Larch • • 


160 

0-27 

004 

002 

007 

0*07 

0*01 

001 

OOl 





Oak 


150 

0*61 

005 

002 

002 

0*37 

003 

OOl 

OOl 




Scotch fir , 


IjJO 

0-26 

003 

OOl 

002 

013 

002 

0*01 

0*04 




of yarioiu portions of the animal body, and of 
certain animal products, v. Bonbs ,* Blood ; 
Milk ; &c ) 

A characteristic of the ash of animal sub- 
stances in gc>neral, is the usual preponderance 


of lime over phosphorus pentoxide and the 
relatively high ratio of sodium to potassium. 

^h of plants. The nature of the ash of the 
leaves, stems, Ac., of plants is affected to a 
considerable extent by the composition of tho 
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BoU in which the plants grow, but the amount 
and composition of the ash of the ateda are much 
less variable. 

In nearly all seeds the largest constituents of 
the ash are phosphorus pontoxide and potash. 
In certain seeds gcneralk used in their husk, 
e.g. oats, millet, spelt, and barley, silica is a large 
constituent. 

But in the loaves and stems of plants, 
phoMphorus pentoxide usually forms hut a 
small constituent of the ash, whilst potash 
and lime become relatively more abundant. 
In cereals and grasses, silica often forms more 
than half of the total ash of the straw and 
chafl. 

In addition to the constituents given in the 
above table, small quantities of oxides of iron 
and manganese mo almost invariably present 
in vegetable ashes. 

Titanium (Wait, J. Amer. (.'hem. So<;. 189(1, 
18, 402), aluniinium Huorino, and boion 
(Orampton, Ain«*r. Cliera. J. 11, 227 , Jay, 
Compt. rend. 121, 899; Baumert, Ber 21, 
3290), are also frequently present in small 
qiiantitioH in the ash of certain plants 

Lithium, rtibidiuiii, zinc, copper, barium, 
and arsenic have also been detected in the ash 
of certain plants grown in soils containing these 
eonstitueiita (Passerini, Chern. Soc. Ahstr. 1803, 
ii, 226; Hornberger, %bnL 1899, A, ii. 600; 
Macdoiigal, ibid, 19(K), A, ii. 236) 

Kvini chromium, inolybdoniim, and vanadium 
have detected in the ash of fir, oak, vino, 
and poplar (Dcmarcay, %hid. 19(M), 236). 

liiileefl, the composition of the sod has a 
groat intluence upon the amount ami <‘oinposi- 
turn of the ash of the crop grown noon it, tliough 
this influence is much inoio inarki'd upon the 
foliage, stem, &c,, than upon the seed. 

(Certain plants, originating from plants of 
the seashore, e.g. asparagus, beet, and carrot, 
generally leave an ash containing unusually high 
amounts of chlorine and sodium, and a]>plioa- 
tion of common salt as manure to such crops 
is usually stated to ho beneficial, altiiough on 
no very sufliciont evidence 

Plants like salt- worts {Saltola) and samphire 
{Salicorma) growing on the coast, contain 
relatively enormous quantities of soda — in the 
former 6 times, in the latter 14 times, as much 
soda as of potash. 

Tlio ash of the club-moss {Lycopodium) 
contains from 20 to 60 p.o. of alumina. 

Manganese is invariably present in tea* 
leeves, and, according to the writer’s observa- 
tions, is present in the soluble matter (t.f. in 
the infusion). 

As already stated, some of the phosphates 
and sulphates found in the a.sh of plants result 
from tlie oxidation of phosphorus and sulnhur 
organic compounds pri'scntm the original plant. 

Postemak ((k>mpt. rt'iul. 137, 1903) detected 
the existence in peas, beans, potatoes, and the 
seeds of the red lir, pumpkin, white and yellow 
lupines of ankydro^oxynuthykne diphoaphonc 

OCM — 



or inoaM phosphoric acid C«He(P0.H,),. 
Patton and Hart (Bull. 260 (1904), N. York. 
Agric, £xpt. Station) have shown that about 


86 p.c. of the total phosphorus in bran, 81 p.o. 
in malt sprouts, ana 50 p.c. in oats, is soluble 
in 0'2 p.c. sol. of hydrochloric acid ; and that 
the greater portion of this is present in the bran 
as calcium, magnesium, and potassium salts of 
nositol phosphoric acid {v. Bran). 

Importance of the Ash Constituent 9 of Foods. 

The influence of the mineral matter in the 
food of animals upon their health and well- 
being is probably much greater than is generally 
recognised. Not only i.s it essential that all 
the inorganic constituents required for bqilding 
up the tissues and producing the various digestive 
and other secretions be supplied in sufficient 
quantities, but it is important, at least with 
certain pairs of constituents, that they be 
■u])pIiod in afipropriatc ratios to each other. 

A preponderance of phosphoric aeicl over 
lime and magnesia m the diet is probably the 
cause or a predisposing cause of certain diseases 
of the bones of horses, mules, and donkeys 
(Ingle, Jour. Comp. Pathology and Thorapeutic.s, 
1907 ; Jour Agnc. Science, 1908, iii. 22 ; Jour. 
Hoy. Inst, i^iblie Health, 1909) ; while the 
ratio of potasli to soda in the food has an 
Amjiortant bearing upon health, and esoeeially 
upon the susceptibility to ccituiu diseases, 
c.g. scurvy. 

The cereals contain a large excess of phos* 
phone acid over lime, and the use of an exclu.rively 
cereal diet may load to imperfect bone nutrition 
{I.C.; also Illustrated Poultry Record, 1910). 

The necessity of an adequate supply of 
chlorides m the diet is vveU reoognisovl, and in 
many countries the ordinary food supplies of 
dbincbtic animals have to be supploment-od by 
common salt to ensure healthy cxistenco. 

Whenever the rations are restricted to one 
or two items, there is considerable probability 
that certain mineral constituents will he lacking 
or supplied in improper iiroiuirtioiis. 

It is too often the practice, in discussing 
the feeding of animals, to devote much coii> 
sidcratioii to the organic portions of their food, 
but beyond requirmj| that Bufficient mineral 
matter or * boiie-forinmg * material bo present, 
to pay little or no attention to its composition. 

'I'hus bran is widely regarded as a food 
particularly rich in mineral matter, and therefore 
valuable for bone nutrition; but the ratio of 
phosphorus pontoxide to lime in this food u 
about 11 to 1, and the practice of feeding 
animals largely upon bran is known to produce 
a disease of the bones — * bran rachitis * in 
horses. 

Kellner (Scientific Feeding of Animals, 
1909) estimates that for oxen, 60 grams of 
phosphorus pentoxide and 100 grams of 
lime i)cr 1000 kilos, body woi^t per day, are 
required in the food, while for uill-grown sheep, 
1 of the former and 11 grams of lime 

suffice. 

Ill England, fortunately, hay — either meadow 
or clover — forms a la^e part of the rations ol 
farm animals, and this contains a large excesE 
of lime over phosphoric acid, and thus neutralisec 
the opj^ite preponderance in the grain or cake 
used with it. 

But in South Africa and perhaps some othei 
countries, meadow or clover hay is but little 
used, and many horses are fed entirely upon 
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oat hav or oat hay and maixe. In either eaae 
there u a large preponderance of phosphoric 
acid over lime, and to this fact the prevalence 
of certidn bone diseases is almost certainly due. 

Similar considerations apply to other animals 
kept in confinement, especially to poultry when 
deprived of a grass run, an<l to pigs. H.I. 

ASIPHYL. See Asyphii.. 

ASPARAGINE. Aminomceinamie <icid 
C|H8*NHg(C0|H)(C0’NH,) occurs in two 
optically active forms, differing in direction of 
rotatory power and in taste. Lcevo-etsparagine, 
discovered by Vauquelin and Robiquet (Ann. 
Ohim. anal. 1805, 67, 8^ in the young shoots of 
asparagus (Aeparagiu offictnaltSf Linn.), is widely 
distributed in the v^etable kingdom, occurring 
in most plants at the time of buying and during 
the flowering period, and, with glutamine, forms 
the chief non-proteid compounds present in 
the juice of ripening oranges (Scurti and de 
Plato, Chem. Zentr. 1908, ii. 16, 1370 ; Stieger, 
Zeitseh. physiol. Chem. 1913, 80, 245, 209 ; 
iSmolenski, Zcitsch. Ver. deut. Zuckcrind, 1911, 
4.35; Tutm, Chem. Soc. Trans. 1913, 103, 
1274; Chapman, ibid. 1914, 106, 1901; Turin 
and Clewer, tbui. 1914, 570). It is also found in 
blood (Abderhalden, Zeitseh. physiol. Chem. 
1913, 88, 478-483). Miyacha (Bull. Coll. 

Agrio. Imp. Univ. Tokyo, 1897, 2, 468) has 
shown that in the case of Pceonia aibiflora and 
Then chinensis, even old leaves, showing incipient 
decay, can pr^uce asparagine. It occurs to a 
larger extent in leguminous plants than in 
any other natural order, and is most abundant 
at the time of gormination, the quantity being 
greater in etiolated than in normal plants 
(Borodin, Bied. Zentr. 1879, 367; see also 
Hitman, Tzv. Moskow. Selsk. Khoz. Inst. 18, 
212-220; from Abs. Amor. Chem. Soc. 1913, 
3144 ; Nicolaieva, Bull. Agr. Intelligence, 1917, 
8, 204). Sachsse (Landsw. Versuchs. Stat. 
1874, 17, 88) found that the amount of aspara- 
gine in germinating peas increased from 0'67 to 
6 '94 p.c. during 24 days' growth ; and Schulze 
and Umlauft {ibid. 1876, 18, 1) found 17*9 p.c. 
of asparagine in the dried shoots of Lvpimis 
I uteris seedlings germinated in the dark in dis- 
tilled water {cf. also Morcadante, Gazz. ital. 
chim. 1876, 6, 187 ; Schulze, Landsw. Versuchs. 
Stat. 1896, 46, 383 ; Stoklasa, Landw. Jahrb. 

1 896, 24, 827 ; Bourquelot and Hcrisacy, J. 
Pharm. 1898, (vi.) 8, 386 ; Br^al, Ann. Agron. 
1900, 26, 6 ; Schulze and Barbieri, Landsw. 
Versuchs. Stat. 21, 63 ; Kinoshita, Bull. Coll. 
Agric. Imp. Univ. Tokyo, 1896, 2, 203) ; Schulze 
and Bossnard, Zeitseh. physiol. Chem. 1886, 9, 
420 ; Bungener, Biea. Zentr. 1886, 861 ; 
Behrens, Bot. Zentr. 1894, 178). Asparagine 
is one of the decomposition products of jproteid 
matter (Schulze, Bied. Zentr. 1901, 30, 106 ; 
Chem. ^ntr. 1901, i. 1 108 ; Bor. Deut. Bot. 
Ges. 1907, 26, 213), and its accumulation in the 
lant durmg the periods of gormination and 
udding, particularly when ^e development 
occurs in the dark is attributed by Borodin 
(Bied. Zentr. 1879, 367) and Schulze and Barbieri 
(J. pr. Chem. 1882, [2] 26, 146), to the absence 
of carbohydrates which under conditions of 
normal assimilation effect the reincorporation 
of amides into proteid molecules; and this 
view is confirmed by Monteverde (Ann. Agron. 
17, 376), who found that branches of lilac 
VoL. I.— 


plun^ in distilled water or 4 p.o. glycerol 
solu&n and kept in the dark, contained 
abundance of asparagine at the end of 15 days, 
but neither starch nor mannitol. When, how- 
ever, branches of the same plant were kept in 
solutions of glucose, sucrose, or mannitol, they 
formed no asparagine in a month, but contained 
much mannitol and starch. Another source 
of asparagine in the plant is its synthetic 
formation from ammonium salts, urea, or 
nitrates supplied by the soil. This synthetic 
production is only possible in the presence of 
sugar, and under conditions that exclude the 
formation of proteids (Suzuki, Bull. Coll. Agrio. 
Imp. Univ. Tokyo, 1895, 2, 196). The function 
of the asparagine in the plant economy is the 
production of proteid matter ; hence the 
addition of lojguminous soods after steaming 
to the mash in brewing is recommended by 
Bimer (J. Soc. Chem. Ind. 1882, 333), as the 
asparagine they yield forms excellent nutriment 
for the yeast cell; and Kinoshita (Bull. Coll. 
Agrio. Imp. Univ. Tohyo, 1896, 2, 196) found 
that young shoots of soja bean that showed an 
increase in asparagine, from 21 ‘6 to 28 ‘7 p.o. after 
four weeks* natural growth, became poorer in 
asparagine (18'9-13'7 p.c.) if grown for the 
same jieriod in methyl aicohol and glycerol 
solution, but containea reserve proteid matter. 
According to (Samician and Ravenna (Atti R. 
Accad. dci Linooi [6] 20, 1, 614-624), there is an 
increase of alkaloid in the tobacco plant and 
date when supplied with asparagine. Momon, 
Begor, and Westhausser (Landw. Vorsaohs. I^at. 
1911, 76, 205-320), experimenting with sheep, 
claim that, given a sumcioncy of carbohydrate, 
a deficiency of protein may bo made good with 
ammonium acetate and asparagine. 

Asparagine can bo extracted from the juice 
ekpressed from young vetch seedlings that 
have germinated in the dark, 10 kilos, of vetch 
yielding 150 grams of pure asparagine (Piria, 
Annalen, 1848, 08, 343). Sure and Tottingham 
found that asparagine is made use of in the 
nitrogen metaDolism of etiolated pea plants 
(J.bToI. Chem. 1910, 20, 635). 

Asparagine crystallisoR from aqueous solution 
in largo rhombic brvo- hcmihcdral prisms, 
aihicii 0*4762 ; 1 ; 0'8294 (Freundler, Compt. 
rend. 1897, 126, 667), containing IH^O, which 
it loses at 100°, and then melts at 234^-236** 
(Michael, Bor. 1896, 28, 1629); it has a sp.gr. 
1-6434 at 14-874'’ (Piutti, Gazz. chim. ital. Um, 
34, 36) ; the molecular heat of combustion is 
448*4 Cals., and the heat of formation 206»1 
Cals. (Berthclot and Andre, Compt.* rend. 1890, 
120, 884 ; aee also Emory and Benedict, Amer. J. 
Physiol. 28, 301-307) ; it is sparingly soluble in 
cold, readily so in hot water — 1 part dissolves 
in 82 parts of water at 10^, in 47 parts at 20° 
(Becker, Ber. 1881, 14, 1028), in 68 parts at 
13°, and 1*89 parts at 100° (Guareschi, Gazz. 
chim. ital. 1876, 6, 370; cf. Bresler, kitsch, 
physikal. Chem. 1904, 47, 611). The aqueous 
solution is weakly acid, has an insipid and dis- 
agreeable taste, and is l«vo-rotatory 6° 4' 
(Piutti, Compt. rend. 1886, 103, 134) ; the 
rotatory power of the solution is increased by 
raisii^ the temperature and by the addition of 
alkalis, invertea by mineral acids and by solu- 
tions of certain inorganic salts and destroyed 
by acetic acid (Champion and Pellet, Compt. 

2 D 
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lend. 1876, 82, 819 { Becker, Ber. 1881, 14, 
1028 ; Smolenski, ZeiUoh. Ver. deut. Znckerind, 
1910, 216; and 1012, 791; Pellet, Z iteeh. 
Ver. deut. Znckerind, 1911, 436-443; Clough, 
Chem. Soo. Trans. 1916, 107, 1513 ; Andnik 
and Stanek, Zoitsch. Znckerind. Bdhm. 31, 
417). Advantage is taken of this last fact 
to eliminate the error dne to the presence of 
asparagine in saccharimetric determinations of 
sugar liquors from beets and canes. Asparagine 
is partially hydrolysed by boiling with water, 
forming aspartic acid ' {aminosiLCcinic acid) 
C«H.vNH,(COtll), and ammonia; the change 
is rapid and complete when excess of barium 
hydroxide or dilute hydrochloric or sulphuric 
acid IS employed (Schulze, Landsw. Vorsuchs. 
Stat. 29, 233) ; by the action of potassium 
permanganate, asparagine is oxidised to car- 
bamide and ammonia ; and when used in 6 p.o. 
aqueous solution for the culture of Jiacuhta 
pprocifanicua, it is converted into aspartic 
acid after 60 hours, and completely decomposed 
after 72 hours (Amaud and Oharrin, Compt. 
rend. 1891, 112, 765; Adeney, Proc. Roy. 
Irish Acad. 1905, 26, 6). An aqueous solution 
in presence of sunlight yields acetaldehyde, 
ammonia, and carbon moxide (Ganassini, Giom. 
Farm. Chim. 1012, 02, 439-444). Under the 
action of enzymes, asparagine yields a mixture 
of formic, propionic, and succinic acids (Neiiberg 
and ('appoz/.uoli, Rioebom. Zoitsch. 1900, 18, 
424), and a similar change is effected by brewer’s 
yeast (Kffront, Mon. 8ci. 1909, (iv.) 23, i. 
145; and Kurono, J. Agrio. Tokyo, 1011, 1, 
296-330). 

The presence of asparagine (1 ; 19,000) may 
be detected by means of trikotohydrindone 
hydrate (Abderhalden and Schmidt, Zeitsch. 
physiol. Chem. 86, 143-147). 

The estimation of asparagine is based upon 
its (luantitative conversion into aspartic acid 
and ammonia by the action of hydrochloric 
acid, the aspartic acid may bo removed in 
the form of its sparingly soluble copper sail 
(Kngel, Compt. rend. 1888, 106, 1734) and the 
ammonia determined by Sachsse’s method (J. 
pr. Chem. 1872, [2] 6, 1181 or by one of the 
modifications of Sohloessing^s method described 
by Meunier (Ann. Agron. 6, 276), by Schulze 
(.1. pr. (’hern. 1886, [2) 31, 233), or by Brown 
and Millar (J. Soo. Chem. Jnd. 1004, 135). 
i*alot (Anal. Sua Quim. Argentina, 1917, 6, 
95) points out that the results of the estimation 
by Sohloessing’s method are influenced by the 
eUiployrnent of different alkalis. 

Asparagine has feeble basic and acidic 
properties, and forms salts with acids and bases 
(Chautnrd and Dcssaigne, Annalen, 1848, 68, 
349 ; Dossaigne, Annalen, 1852, 82, 237 ; 
Smolka, Monatsh. 1887, 6, 915) ; it also forms 
double compounds with certain salts of the 
heavy motails, the sparing solubility of the 
compound with mercuric nitrate is made use 
of in isolating small quantities of asparagine 
from solutions containing carbohydrates 
(Schulze, Ber. 1882, 16, 2865) ; it forms stable 
complex in^mal salts with certain heavy metals ; 
the chromium saltC!r( 04 H 70 aN.)| crystallises in 
microscopic rose-violet needles (Ts^ugaeff, 
Serbin, Compt. rend. 1910, 151, 1361-1363) and 
combines with oempt^r hydroxide to yield a copper 
comxdex of the formula Gu(0|TT.O,Ng)| (KoW 


and Sngiurm, J. Biol. Chem. 1912-1913. 13, 1-13); 
the (0|HgO.N,).H^4,Al.(SO4),.24H.O 

forms octahedral crystiw. Asparagine is con- 
verted into f-chlorosuccinio acid and fumario 
acid by the action of nitro^l chloride in l^dro- 
chloric acid solution (TUden and Forster, (;hem. 
Soo. Trans. 1895, 67, 480) ; it yields the aznide 
of uramidosuccinic anhydride 

CONHjCH.CHNHCONH 

do I 

when fused with carbamide (Guareeohi, Gazz. 
chim. ital. 1876, 6, 370), and is converted into 
amidosuccinuric acid 

m.p. 137®- 138®, by the action of potassium 
cyanate (Guareschi, Ber. 1877, 10, 1747). 
(’ortain condensation products of asparagine 
with other amino- acids are described by Fischer 
(Bor. 1904, 37, 4585; 1907, 40, 2048), cMoro- 
acetylaaparagine, m.p. 148®-149® (corr.) ; glycyl- 
aaparayinc, m.p. 216“, 6*4® at 20® ; 

anhydrofjlyrylaaparagine, decomposing at 274° ; 
d-leuryl-l-aajxtragtne, decomposing at 230® (corr.), 
fajjj— 53‘6° at 20®; l-leucyl-d-aaparagine, m.p. 

228® (corr.), [o]jj-l-17*8® ; aaparagylaspartie 
acid, decomposing at 120®. Sasaki (Beitr. 
Chom. Physiol. Path. 1907, 10, 120) describes a 
bemoylpolypcptide of asparagine ( 7 i 9 Ht 40 ||N 4 , 
decomposing at 210®, and giving the biuret 
reaction. 

Benzyl hydrogen aaparaginedithiocarhoxylate 
CO,H OjH,(CONH,)NH-CS4-CH4Ph 

has m.p. 180®. The barium salt crystallises 
in slenaer needles (Siegfried and Weidenhaupt, 
Zoitsch. physiol. Chem. 1910, 70, 152-160). 

As regards the alimentary value of asparagine, 
it has been found that in the cose of herbivorous 
mammals and gttese, asjiaragino has a proteid- 
sparing action, an(i under appropriate con- 
ditions prevents waste and causes the formation 
of proteid matter (Weiske, Bied. Zontr. 1879, 
744 ; 1882, 312 ; Zeit. fur. Biol. 15, 261 ; 20, 
276 ; IjandwB. Versuchs. Stat. 1888, 34, 303 ; 
Rosenfcld, Zeitsch. Ver. deut. Zuckerind 
1000, [630] 1055, from. J. Soo. Chem. Ind. 
1901, 271). According to Zuntz and Muller 
(Pfluger’s Archiv. 1906, 112, 246), the proteid- 
sparing action of asparagine is the result of 
a kind of symbiosis, the bacteria in the paunch 
of the ruminants decompos'n^ the asparagine 
in preference to the protein in the food. In 
the case of omnivora and carnivora, asparagine 
exerts only a diuretic action (Murok and Yoit, 
Bied. Zentr. 1884, 749 ; Politis, Zeit. Biol. 1893, 
27, 402 ; Mauthner, ibid. 607 ; Gabriel and 
Voit, ibid. 29, 115, 125; Levena and Kohn, 
Amer. Jour. Ph^ol. 1009, 23, 824; see, how- 
ever, Abderhalden, Zeitsch. physiol. Chem. 
1911, 74, 481-504; and Nitsche, Beitr. Phys. 
1914, 1, 63-80). 

Dexlro-aaparagint was discovered by Piutti 
(Ber. 1886, 19, 1691) in the young shoots of the 
vetoh {Vida taiiva, Linn.) 6600 xiloB. of vetch 
buds yielded 20 kilos, of crude asparagine, from 
which 100 grams of pure dextro-asparagine 
was isolated'; it is slightly more soluble uian 
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the Ifffo- oonpoimd ; the aolutioo has an in- 
tensely sweet taste, is deztro-iotatoiy in neutral 
or alkwne eolation (Piutti, Compt. 

rend. 1886, 103, 134), and IwYO-rotatory in 
acid eolation ; it forms laige rhombic dextro- 
hemihedral crystals, a:b:c:: 0*4741 : 1 : 0*8310 
(Freundler, Compt. rend. 1897, 125, 067). A 
solution of equal parts of the two optically 
active asparagines is optically inactive, but 
the two varieties separate on cnrstallisation, 
twinning fluently toking place between the 
left and right crystals (Piutti, Compt. rend. 
1886, 103, 134). d- and 1- Asparagine can be 
separated by fractional cr3r8talli8ation from 
hot water although both have the same solubility 
at 20**. The soluoility of 1-asparagine, previously 
heated, is at least doubled after cooling, and 
only slowly retnms to its original value 
(Erlenmeycr, Biochem. Zeitsch. 62, 439-470). 
The silver salt of dl-asparagtne C4H70aNtAg, 
forma wart-like clusters of crystals, m.p. 
182‘*-183° (decomposed) (Abderhalden and 
Kautzsch, kitsch, physiol. Chem. 1912, 78, 
116-127). 

According to Pringsheim (Zeitsch. physiol. 
Chem. 1910, 66, 89), the d-asparagine found by 
Piutti in the mother liquors from which the 
f-asparagine had been isolated, was formed by 
the racemiaation of the f-asparagine during the 
])roceas of evaporation of the solutions. The 
author states that after boiling f-asparagiiie 
}-36*19*, in N/IO hydrochloric ocid solu- 
tion] for 12 hours, with water, and subsequent 
fractional crystallisation, he obtained a fraction 
that had 16*3® in N/IO hydrochloric acid 


I 


gines CiO|H‘GHfNHg)'CHj|'OONHt. from 
silver ethyl 7 »onmmosaoomate 
>CH*CO fist 
OH N< I 

XJHOOfAg 

Piutti (Gass. ehim. ital. 1890, 20, 402) obtained a 


mixture of the three asparagines, the a*aapaia- 
gine readily gave up its water of crystallisation in 
a vacuum, and fell to powder ; and the d- and 1* 6* 
asparagines co\dd then be separated by hand 
sorting. A mixture of the three asparagines 


was bIbo obtained by the action of alcoholio 
ammonia on the ethyl hydrogen ester of inactive 
aspart^io acid (Piutti, Oazz. ital. ohiro. 1887, 
17, 126 ; 1888, 18, 457). Kdrner and Monoszi 
(Gazz. ital. ohira. 1887, 17» 171, 226) effected 
the synthesis of the d- and 1- /S-oeparagines 
from ethyl bromosuooinato, from ethyl fumarata 
or ethyl maleate, by the action of alcoholio 
ammonia ; and similar results were obtained 


by Piutti (Ber. 1896, 29, 2069) with l-bromo- 
succinamio acid or maleic anhydride. 

fi^lUhylasparagine COfH-CH(NH,)CH,- 
CO*NHEt, m.p. 268®-260®, with docomTOsition, 
and fi-allylaapar^ine COfH*CH(NHf)*OHf* 
CO'NH-CfHf, malting and decomposing at 268®- 
261®, prepared by the action of the cor- 
responding alkylamine on jS-ethylaanartio aokl, 
yield optioally inaotivo solutions (Pmtti, Gazz. 
ohim. ital. 1888, 18, 478). M. A. W. 

ASPARAGUS. The shoots of this plant 
{Asparagus officinalis) are used as a table 
vegetable. 

Oarbo- 

Water Protein Fst hydrates Ash 
Average composition 04*0 1*8 0*2 3*3 0*7 


solution, and therefore contained d-asparagine. 

In addition to the two asparagines already 
described, there is a third form known as 
a-asparagino ; it does not occur naturally; is 
optically inactive, crystallises in the triclinio 
system, a : 6 ; c==l*6967 : 1 : 0*6668 ; a=9l®19' ; 
/3=113®/I2', 7=83® 48' (Bnignatelli) ; and has 
a sp.gr. 1*454 at 14*8®/4® (Piutti, Gazz. chim. 
ital. 1904, 34, ii. 36), and is not structurally 
identical with the optically active or /3-aspara- 
gmes. The three asparagines have been syn- 
thesised by Piutti (Gazz. chiin. ital. 1887, 17, 
126 ; 1888, 18, 457) by the following methods, 
that leave no doubt as to the constitution of 
the compounds. By the reduction of the oxime 
of oxalacetio ester COfEt CHf*0(NOH)*COfKt 
with sodium amalgam and partial saponification 
of the product, Piutti obtained two different 
ethyl hydrogen aspartates, melting at 165® and 
200® respectively. The ester melting at 165® 
is identical with the compound obtained by 
reducing Ebert’s (Annalen, 1885, 229, 45) mono- 
ethyl ester of oximinosuccinio acid, uhicli has 
the formula COsH'CH.‘C(NOH)*COfEt, since 
on heating it loses COf and forms oximino- 


The nitrogenous matter of asparngus consists 
largely of am%nO‘ 8 Ucc%nam\(i acid CO(NHf)*CH|* 
CU(NH3)'C00H, a substance known (from its 
discovery, in 1805, in asparagus shoots) as 
asparagine (^.v.). 

Coniferin and vanillin have also been found 
in the sap and cellular tissue (Lippmann, Bcr. 
1886, 18, 3356); Tanret (Compt. rend. 1909, 
149, 48) describes two new carbohydrates as 
ooourring in approximately equal quantities in 
asparagus roots — asparagose (CfH,50|)„*HfO, 
where 91=15 or 16, crystallising in microscopic 
needles, soluble in water, insoluble in absolute 
alcohol, m.p. 198®-200®, gives no colouration 
with iodine, and does not reduce Fehling’s 
solution ; and ^^-asparagose, a yhite, hygroscopic 
Bubstanoe more soluble than asparagose. Both 
Bubstanoes are hydrolysed by invortase, yielding 
.dextrose and Issvulose. • 

The seeds of asparagus were examined by 
Peters (Aroh. Pharm. 1902, 240, 53)^ and were 
found to contain water 11*5, woody 6bre 8*2, 
nitrogen 3*0, and oil 15-3 p.o. Starch was not 
present, but a reserve cellulose (mannan), 
capable of yielding d-mannose on boiling with 


propionic ester it follows, dilute hvdroohiorio acid, ooourred; 37*5 p.o. of 

therefore, that the ethyl hydrogen aspartate the weight of the seeds, of mannose was obtained, 
melting at 166® is the monoethyl a-sspartate The oil was reddish yellow, had a Kp.gr. of 0*928 
C0sH‘CH4*CH(NH2)*C04Et, and the ester melt- at 15®, a ndea n iodine number of 137*1. H. L 
ing at 200® must be the monoethyl ^-aspartate AfVARTIO AOID. Aminosuecime add 
C0»H-CH(NH,)CH4 C04Et. When these esters C50,H'CH,*CH(NH.)*CO,H, found •in young 
are treats with alcoholic ammonia, they are ; sugar cane > and m molasses of sugar beet 
converted into the corres^nding asparagines ; |(Schqibler, J. 1886, 899), in young luioots of 
the ester m.p. 165® gives inactive a-osparogine | the Mtird (l^hulzo and Barbieri, Ber. 1878, 
GOsH’OH4*Cll(NHt)‘CONH,, and the ester hi, 710), and in mulberry leaves (Mimuroto, J. 
m.p. 200® yields a mixture of d- and U /^-aspara- 1 Agria Tokyo, 1912, 5, 63-65), has been observed 
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in diseased liver (Taylor, Zcitsch. physiol. Chem. 
1901, 34, 680), and occurs in certain glands of 
Tritonium n^osum , the posterior portion of the 
gland when stimulated secretes an acid fluid from 
which aspartic acid immediately crystallises. 
As aspartic acid is soluble in sea-water, it is 
probably employed by the animal in destroying 
the calcareous shells of the other shellflsh that 
form its food (Henze, Ber. 1901, 34, 348). 

Aspartic acid is prepared by hydrolysing 
asparagine by means of hydrochloric or sul- 
phuric acid, lime, baryta, lead oxide or potash 
(Plisson, Ann. Chim. Phys. [2] 36, 175; 37, 
81 ; 40, 303 ; Schulze, Landsw. Versuchs. Stat. 
29, 233) ; it is one of the degradation products 
of proteid matter, and is obtained when casein 
or proteid is heated with (1) dilute sulphuric 
acid (Krcussler, J. pr. Chem. 1869, 107, 239 ; 
Ritthausen, ibid. 218 ; Fischer, Zeitsch. physiol, 
(.'hem. 1901, 33, 161 ; 1902, 35, 70 ; 36, 462) ; 
(2) bromine or with stannous chloride (Hlasiwetz 
and Habormann, Annalen, 1871, 169, 326; 
1873, 169, 162). Aspartic acid is produced 
by the oxidation of conglutin with potassium 
permanganate (Pott, J. pr. (Jhem. 1873, [2] 
(i, 91), by the pancreatic digestion of fresh 
blood fibrin at 40°-60° (Radziejowski and 
Salkowski, Ber. 1874, 7, 1060), or of gluten 
(Knieriem, Zeitsch. f. Biol. 1876, 11, 198) ; and 
is one of the acid constituents of Kiihne’s 
* antipeptone ’ (Kutscher, Zeitsch. physiol. 
Chem. 1898, 26, 196 ; 26, 110). 

The naturally occurring aspartic acid is 
loevo-rotatory and the same l-aapartic acid is 
obtaifiod by hydrolysis of Zervo-asparagine 
(Schifl, Ber. 1884, 17, 2920) ; it crystallises in 
rhombic prisms, m.p. 270®-271® (Michael, Ber. 
1896, 28, 1629), is sparingly soluble in water, 
100 grams of water dissolve y mg. of the acid 
at where 

y»=372-f-141f-0-18124f«-f0 0063f» 

(Engel, Compt. rend. 1888, 106, 1734). A 
solution containing 1*873 p.o. of acid is feebly 
dextro-rotatory below 76 , but lasvo-rotatory 
above that temperature ; raljj6*87® (Wood, 
Chem. Soc. Trans. 1914, 106, 1992) ; in alkaline 
solutions the substance is strongly la^vo-, and 
in acids strongly dextro-, rotatory, and dextro- 
rotatory in aqueous solutions of certain inorganic 
salts (Becker, Ber. 1881, 14, 1028). The rotatory 
power in acid and alkali reaches a maximum 
value under definite conditions of concentra- 
tion (Wood, ibid, 1914, 106, 1992; Clough, 
Chem. Soc. Trans. 1916, 107, 1610). The 
heat of combustion is 387*2 Cals., the heat of 
formation 231*9 Cals. (Berthelot and Andr4, i 
Compt. rend. 1890, 110, 884); the heat of I 
dissolution at 16° is >-7*26 Cals., heat of neutral- 
isation by sodium hydroxide -f3*0 Cals, for 
the first, and -f 3*6 Cals, for the second equiva- 
lent (Berthelot, Compt. rend. 1891, 112, 829). 
Aspartic acid is readily soluble in aqueous 
solutions of certain mineral salts ; for this reason 
Sohiff (Ber. 1886, 17, 2929) recommends that 
in its prepaSation from asparagine by boiling 
with hydrochloric acid, the minimum quantity 
(2 mols.) of acid be employed, and the excess 
afterwards neutralised hy ammonia (1 mol.) ; 
by adopting this precaution, a yield of 90 p.c. 
of the theoretical is obtained. For the estima- 


tion of aspartic acid in the hydrolysis products of 
proteid, see Foreman (Bio-Chem. J. 1914, 8, 463). 

Aspartic acid forms salts with acid and 
bases, the copper salt C4H604NCu,4iH,0 or 
C4H504 NCu, 6H40, forms pale-blueneedles fumost 
insoluble in cold water (Engel, l.c. ; Abderhalden 
and Weil, Zeitsch. physiol. Chem. 1911, 72, 23). 
The calcium salt can bo precipitated quantita- 
tively by means of alcohol (Foreman, ibid, 471). 
The mono-silver salt melts 216°-217° with 
decomposition (Abderhalden and Kautzsoh, 
Zeitsch. physiol. Chem. 1912, 78, 123). A 
uranyl salt U0a(C4H604N)|,3H40 is formed by 
double decomposition (Mazzucchelli and D’Alceo, 
Atti. R. Accad. Lincei, 1912, [6] 2, 11, 620-626). 
Aspartic hydrochloride C4H704N*HC1, softens 
with gas evolution at 178°, and then does not 
alter up to 280° (Philippi and Uhl, Monatsh. 
34, 717-731). Aspartic acid is oxidised by 
hydrogen peroxide to the semi -aldehyde of 
malonic acid which breaks up into acetaldehyde 
and carbon dioxide (Dakin, J. Biol. Chem. 
1909, 5, 409) ; it is capable of furnishing the 
nitrogen required for the development of B-coli 
communis in presence of mannitol and glucose, 
becoming reduced to ammonium succinate 
(Harden, Chem. Soc. Trans. 1901, 623), and by 
enzyme action it is decomposed into formic, 
propionic, and succinic acids (Neubeig and 
Cappezzuoli, Biochem. Zeitsch. 1909, 18, 424 ; 
Borchardt, Zeitsch. physiol. Chem. 1909, 59, 
96 ; Abderhalden and Fodor, Zeitsch. physiol. 
Chem. 1913, 86, 119, 130). On heating it with 
I glucose under pressure Bauer and Barshall 
obtained succinic acid, and suggest that aspartic 
acid is the source of the succinic acid found in 
meat extract (Chem. Zentr. 1911, 2, 1367). 
When aspartic acid is heated at 190°-200° for 
20 hours, and the product boiled with water, 
two sparingly soluble anhydrides, octoaspartide 

NH j 

H0(C0’CCH,-C;0),H 
and tetraspnrtide 

m . 

HO(COCdI*CO)4H 

1 

ire obtained, the more soluble octoaspaHie 
NH, 

H0(C0C-CH,C0,H)4H 
' I 

and teiraspartic acid 

NH, 

H0(C0*CCH,-C0,H)4H 

can be isolated from the filtrate (Schiff, Ber. 
1897, 30, 2449). Dimethyl or diethyl sulphate 
and Z-aspartic acid in alkaline solution give 
fumaric acid and alkylated ammonia derivatives 
(Novdk, Ber. 1912, 46, 834-860). The following 
alkyl esters of aspartic acid are described : Mono* 
ethyl asparate hydrochloride^ m.p. 199° ; diethyl 
and dimethyl aspartate hydrochlorides, deliquescent 
solidi (Curtius and Koch, Ber. 1886, 18, 1293 ; 
Wegseheiden and Frankl, Monatsh. 1906, 27, 487), 
ethw firospartate CO,H*CH(NH,)*CH,*CO,Et, 
m.p. 2CI0° ; ethyl a-aspartate CO,H*CH,*CH(NH,) 
CO^Et, m.p. 166° (Fiutti, Chem. Zentr. 1888, 
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1459). The methyl, ethyl, allyl, propyl, iso- 
propyl, butyl, itfobutyl, and Moamyl hydrogen 
eeters are dextro-rotatory at ordinary and 
laBvo-rotatory at higher temperatures, and 
form sparingly soluble copper salts (Piutti and 
Maghi, Qazz. chim. ital. 1906, 36, ii. 738). 
l-Diethylaspartate has b.p. 126*6711 mm. 

pressure ; sp.gr. 1*089 at 17® and [oJ^ s*— 9*46® 

(Fischer, Sitzungber, Akad. Wiss. Berlin, 1900, 
48, 1062), or b.p. 126®-127®/10 mm.. 160®-162®/26 
mm. pressure, and forms a yellow picrolonaie 
C4 His 04 N,CioH 80(N4, m.p. 290® (Schmidt and 
Widman, Ber. 1909, 42, 497). Aspartic acid 
and ethyl metaphosphate yield a derivatiye of 
the composition OsHj.OtNP (Langheld, Ber. 
1911, 44, 2076-2086). 

Of the acyl derivatives of aspartic acid, the 
benzenesulphonyl derivative S04Ph*NH*C4Ha 
(COaH)a melts at 170® (Hedin, Ber. 1891, 23, 
3196) ; the Aippuryl derivative NHBz*CH|*CO* 
NH*CaHs(COaH)a, m.p. 191® (Curtius and 
Curtius, J. pr. Chem. 1904, (ii.) 70, 158); 
benzoyl l-aaparlic acid, m.p. i84®-i85® (corr.) ; 

^ +37*4®, Ufocyl aspartie acid CHjPr^ . 

CH(NHa)CO*NH*CjHa(COaH)a^,HaO decom- 
poses at 180®-182® (corr.) (Fischer and Koenigs, 
Ber. 1904, 37, 4686) ; and the picryl derivative 
G10H8O10N4 has m.p. 137 ® ; dieihylchloracetyl 
aspartate 

COOEtCHa*CH*NH(CO*CHaCl)COOEt 

(Fischer and Koenigs, Ber. 1904, 37, 4686; 
Bornwater, Bee. trav. chim. 1917, 36, 

281) has m.p. 46®-47® j k.p. 139®; aspartic 
diamide CaH3(NHa)(CONHa)*, m.p. 131®, has 
[a]^— 7®, and gives the biuret reaction (Fischer 

and Koenigs, /.e. ). Aspartic acid resembles 
asparagine in its physiological action (Salkow- 
ski, Zeitsch. physiol. Chem. 1904, 42, 1207 ; 
Andrlik and Yelioh, Zeitsch. Zuckerind. Bohm, 
1908, 32, 313). 

d-Aspartic acid, obtained by hydrolysis of 
d-asparfl^ine (Piutti, Ber. 1880, 19, 1694), or 
from l-bromoBuccinio acid and aqueous ammonia 
at —40°, a Walden rearrangement taking place 
(Fischer and Raske, Ber. 1907, 40, 1061) ; is 
also obtained from a solution of the racemic 
acid [(d+f) aspartic acid] which has been 
innoculat^ with a mould grown on l-aspartic 
acid (Engel, Compt. rend. 1887, 106, 1734). 
Benzoyl ^aspartic acid, obtained by Fischer 
(Ber. 1899, 32, 2451), by the resolution of the 
racemic compound, throu^ the brucine salts, 

has m.p. 181®- 182®, [a]^— 37*6® in alkaline 
solution. 

' Inactive, (A+l)-aspariic acid, prepared by the 
action of boning hyc&oohloric or nitric acid on 
the product obtains by heating the ammonium 
salts of malic, maleic, or fumaric acids (Dessaigne, 
Compt. rend. 1860, 30, 324) ; by heating an 
aqueous solution of the hydrochloride of 
f-aspartic acid at 170®-180® for some hours 
(Michael and Wing, Ber. 1884, *[1] 2984) ; W 
heating d- or f-aspartio acid with 2 mols. HCl 
(Bp.gr. ri07) at 170®-180®, or from an aqueous 
solution of ^ual parts of the d- and I- acids ; 
the racemic acid crystallises out (Piutti, Ber. 
1886, 19, 1694) ; bv reducing and hydrolysing 
the sodium salt of ethyl ozimino-oxalaoetate 


(Piutti, Chem. Zentr. 1888, 68). (d+f)-A8partio 
8M:id forms small monoclinio prisms ; 100 grams 
of water dissolve y mg. of the acid at t®, where 

y»617+21*693<-0166<*-f0 0079i» 

(Engel, Compt. rend. 1888, 106, 1734). The 
copper salt CuC4H504N,4iH40 is dark- blue 
(Engel, I.C.). dUAsmrtic acid picroUmate forms 
long slender crystals ¥rith square ends decom- 
posmg at 130® (Levene and Slyke, Bio-Chem. J. 
1912, 12, 127-139). The benzoyl derivative has 
m.p. 164®-166® (corr.), and can bo resolved into 
its active components by crystallising the 
brucine salt (Fischer, Ber. 1899, 32, 2451). 

M. A. W. 

ASPHALT. Compact bitumen. Mineral pitch, 
Jews* mtch. Bitumen of Judoea, {Judenpeih, 
Erdpecn, Bergpech, Ger. ; Qoudron miniral, Fr.) 
A name given to the solid varieties of bitumen. 
In its purest form asphalt presents the appear 
ance of a black or brownish-black solid substance, 
possessing a bright eonchoidal fracture. It 
melts at 100*, burning with a brilliant flame and 
emitting a bituminous odour. Sp.gr. 1*0-1*08. 
Asphalt is insoluble in alcohol and water, soluble 
in about five times its weight of naphtha, and 
in benzol. It is dissolved by alkalis and alkaline 
carbonates. 

By dry distillation a yellow oil. Asphalt 
oil. Is obtained. It consists of hydrocarbons 
mixed with a small quantity of oxidised matter. 
It begins to boil at 00®, but the boiling-point 
gradually rises to 260*. The portion boiling 
below 200* has the sp.gr. 0*817 at 16*; tjiat 
above 200* has a sp.gr. of 0*868 at 15*. Both 
portions gave by analysis about 87*6 p.c. carbon, 
11*6 p.c. hydrogen, and 0*9 p.c. oxygen, which 
is nearly the composition of oil of aml}cr (Volckel, 
Annalen, 88, 139). Nitric acid converts it into 
a resin, having the odour of musk and the taste 
of bitter almonds. * 

Boussingault obtained from the asphalt of 
Bechelbrunn a pale-yellow oil, petrolene, having 
a faint taste and bituminous odour, of sp.gr. 0*891 
at 21®, and boiling at 280®. 

By heating as^alt to 260* for 48 hours, the 
volatile oils are (uiven off ; a black solid sub- 
stance, asphaltene, is obtained. It becomes soft 
and elastic about 300®. 

The purest asphalt is found on the shores of 
the Dead Sea ana in the pitch lakes of Trinidad 
and Mexico. Rocks more or less impregnated 
with bitumen, to which the name earthy or 
crude asphalt is given, are found at the Police 
mines, Cornwall ; near Matlock, Derbyshuro ; 
at Haughmond Hill, Shropshire ; at the Hot- 
wells, near Bristol; in the limestone near 
Glasgow ; the freestone near Edinburgh ; and 
generally throughout the Orkneys. Large 
deposits occur also at Seyssel, D^pt. de PAin; 
at Bechelbrunn and Lobsann, Lower Rhine ; at 
Bastennes and Dax, in the D4pt. des Landes ; 
in the Val de Travers, Neuchatel, in Kentucky, 
and other places. 

Asphalt is separated from the minerals with 
which it is associated either by •melting the 
mass, allowing the earthy matters to subside 
and removing the bitumen ; or by boiling with 
water, which causes the bitumen to run out in 
tibe melted state; or by the action of hydro- 
chloric acid, which dis^ves the calcium car- 
bonate and leaves the asphalt ; or with oil of 
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tufpeiitine, which diflsolvef ont the bitamen. 
Murrie (J. Soc. Chem. Ind. 3, 182) desoribes the 
methods used in Italy for the extraction of 
bitumen from crude asphalt. 

The Val do Travers asphalt comtains about 
20 p.o* of bitumen, and it onlv requires the 
addition of 6 to 8 p.o. of mineral or coal tar to 
convert it into a plastic, workable mastic of good 
quality for pavements and hydraulic works. 

The modem method of la 3 ring down asphalt 
pavement is to first prepare a foundation of con- 
crete the surface of which is carefully flattened. 
On this even surface, when thoroughly dry, the 
melted asphalt is spread with a wooden trowel, 
and the surface is finally smoothed over. The 
liquid Val de Travers, Limmer’s, and Barnett’s 
asphalts used for this purpose are all mixed 
with grit or sand, and so present rougher surfaces 
than those pavings which consist of asphalt 
alone. Brande (D. R. P. 4963, 1878) mixes ground 
slag with the asphalt instead of sand. 

Anbther method of paving is to break up the 
bituminous ore, and neat the fragments till 
they crumble to powder. A laver of this hot 
powder, from 16 to 20 inches thick, is laid on 
the dry concrete and compressed by stamping 
with hot irons. 

Ariiftcial aapJkiU, or gas-tar asphedi, is a 
mixtui-e of chalk, sand, or limestone with the 
thick, pitchy residue obtained by evaporating 
the more volatile portions of gas tar. The 
mineral substance must be heated to expel 
moisture and adhering air, and then added to 
the strongly heated pitch. 

In addition to the use of asphalt for pave- 
ments, water-tight tanks, and coatings for iron 
tubes used for conveying gas or water, Ac., it is 
used in photography, in photo-lithography, and 
photo-engraving, owing to the asphalt Incom- 
ing insoluble in turpentine after exposure to 
li^t. In thb latter case copper plates are 
covered with a thin coating of pure asphaltum, 
or bitumen of Judaea, dissolved in benzene or 
chloroform. When drv, the plate is exposed 
behind a film to bright sunlight for half an 
hour, and then developed by fint softening the 
soluble portion of the asphaltum with olive od, 
to which subsequently a little turpentine is 
added. As soon as the lines are bare the turpen- 
tine and oil must be washed away by the aotibn 
of water. 

For the preparation of American supplies of 
asphalt from petroleum,' see Bay (Min. and Eng. 
\V>ild, 1913; J. Soc. Chem. Ind. 1913, 32, 
1067). 

Methods for preparing asphalt for paving 
and other purposes are described by Dagusan 
(D. R. P. 4999, 1878 ; Dingl. poly. J. 232, 547) ; 
Kalilbetzer (D. R. P. 6646, 187^ ; Zadig and 
Neul^rg (D. R. P. 5678, 1878 ; Dingl. ^y. J. 
233, 490) ; Clark (Eng. Pat. 8036, 1884 ; J. Soc. 
Chem. Ind. 6, 183) ; Kettmann (Eng. Pat. 12425, 
1884 ; J. Soc. Chem. Ind. 4, 676) ; Richter 
(Siefenseid Zeit. 23, 272 ; J. Soc. Chem. Ind. 
2, 474). 

On thecpffect of sulphur in produoiim hard 
bitamen, su Brooks and Humphrey (J; Soo. 
Chem. Ind. 1917, 997). On the effect of 
exposure to air on different bitumens, see Reeve 
and Lewis (tdsM. 998). 

Native asphalt can be distinguished from 
artifioial asphalt by extracting with carbon di- 


sulphide, filtMi^, evmrating to dryness, and 
heating the reaiaue till it can be ground to a 
finft powder ; OT gram is treated with 5^o.o. of 
fuming sulphuric acid for 24 hours, and is then 
mixed, with continuous stirring, with 10 o.o. of 
water. If pitch or coal tar be present, the solu- 
tion will be of a dark-brown or olacldsh tint ; if 
not, the solution will be of a light-yeUow colour 
(v. Pitch). 

For the detection of petroleum- or coal-tar 
pitch in natural asphalt, see Morousson (Chem. 
l^v. Fett u. Harz-lnd. 1911, 18, 47 ; J. Soc. 
Chem. Ind. 1911, 30, 480; Zeitseb. angew. 
Chem. 1913, 26, 91 ; J. Soo. Chem. Ind. 1913, 
32, 22^ ; Pailler (J. Ind. Eng. Chem. 1914, 6, 
286) ; Isbell (Chem. Zeit. 1914, 18 ; Marousson, 
tbtd. 1914, 38, 813, 822). 

ASPHODEL. The tuberous roots of Aspho- 
dUe de Sardaignst of Aspkodeltts ramosus (Linn.), 
and other species of the same genus, contain a 
fermentable substance from wmeh alcohol may 
be prepared (c/. Riviere and Bailhache, Compt. 
rend. 1896, 121, 669). By drying and coarsely 
grinding the tubers, Landerer obtained a powder 
which, mixed with water, formed a strong glue. 
Badoil and Lienders obtain tannin from the 
pulp left after the extraction of the alcohol. 

ASPIDIN, ASPIDINOL e. Filix-mas. 

ASPIDOSAMINE, ASPIDOSPERMATINE, 
and ASPIDOSPERMINE v. Qubbsaoho al- 
kaloids. 

ASPIRATORS. Aspirators are used to draw 
air or other gases through any apparatus con- 
nected with them, and were probably first 
employed by Brunner in his analyses of air, 
1830-1840 (Pogg. Ann. 20, 274; 24, 669; 
31, 1). The process of aspiration or inhaling 
of air is, however, most common, being necessary 
to the life of animals and to the ventilation 
of buddings, mines, Ac., to change the air so 
that it may support life. In other analyses 
of air by Dumas and Boussingault, an exhausted 
globe or jar was used as an aspirator (184L 
Ann. Chim. Phys. [3] iii. 267). When a vessel 
is emptied of liquid, air must enter to take its 
place, and the common aspirator, in its various 
forms, is a vessel with two openings, the lower 
to serve as outlet for the water or liquid, and 
the upper as inlet for the air or gas to be aspirated. 
With suitable fittings a siphon may be used 
instead of the lower opening, or the apparatus 
may be modified into a bell-jar standing over a 
basin or large jar, the air being drawn in through 
the neck of the bell- jar. This is Mohr’s aspirator, 
which is sometimes poised like a gasholder to 
facilitate filling and emptying of the beU-jar 
(Mohr, Lehrbuoh der Titrirmethode, 1866, 
Brunswick). 

From their introduction, aspirators were used 
not only to draw in gases through apparatus and 
reagents employed, at a regulated rate, but also 
to measure the gases so manipulated by simply 
measuring or weighing the liquid run out of the 
aspirator. For approximate readings aspirators 
of glass may be graduated, and those of metal 
may be provided with gauge glasses. 

Numerous forms of ^ simple aspirator have 
been invented b;^ Brunner, Regnault, Mohr, and 
others. Fig. 1 is perhaps the form in most fre- 
quent use, and is ^nerally of glass, plain or 
graduated. 2 is a very convenient forin, 
described by Clemens WinUer (lndusUie»QaoSi 
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1877, 39-41) constructed of zinc plate and 
supported on a wooden tripod. Tne second tap 
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below, on the side tube, is useful in filling the 
aspirator with water. Fig. 3 is the form often 
us^ in testing the gases from chemical works. 
It is simply a cubical or rectangular box made 
of sheet lead, with a graduated gauge glass, and 
can be oTOned at a to fill it with water. 

DovbU aspirators. In short operations the 
simple aspirator requires no refilling nor special 
attention after the taps are adjusted. To obviate 



the inconvenience of stopping to change or refill 
that would be necc.->8ary in longer operations, 
Brunner, Boisgiraud, Dancer, Iduoncke, and 
others have contrived double aspirators so con* 
neoted that each vessel is alternately above and 
below, and one or other always ready for use. 
The aspirating bottles may be mounted on a 
common axis as in Dancer's swivel aspirator 
Fig. 4(Chem. News, 1864, 10, 296). These swivel 
aspirators are very convenient, but the difference 
of water-level in the two bottles is not under the 



control of the operator and varies between the 
hei^t of one bottle and a very small minimum, 

Figs* 6 and 6 show an arrangement devisod 
by the author, which has certain advantages. 
The bottles a and b are connected as shouu, 
being raised and lowered alternately. The four- 
way tap o (shown larger in Fig. 6) has its index 
I turned towards the upper bottle in aspiratinjg 
and towards the lower hottle in blowing. It S 
made from a good gas tap by boring up the 
centre of the ^ug at F, leading out the hole at 
a. A small piooe of metal e is then fitted and 
soldered diagonally where the holes cross, a 
piece of tubing x soldered on to the socket of 
the tap, and an index i above the plug. 

Paraffin wax is used to adjust the bottles for 
exact measurement, and to obtain a fine adjust- 
ment below at d, as well as above, by a mark on 
the neck of the bottle. The proper quantity of 
melted wax is run through a wicle tube into* the 
warm bottle slightly tilt^. A passage from the 
tttbulure to d at the side of the bottle is secured 
ushing an indiarubbcr tube through the 
[ure and fixing it in the proper position 
before the wax is run in, and after the w^ax is 
quite solid this tube is drawn out. The passage 
should be curved, so that on emptying the bottle 
of water the water runs out to the mark at d. 
The bottles are then adjusted by weighing their 
content of water between the marks and adding 
or removing paraffin till at the standard 
temperature and pressure they hold the exact 
quantity of water corresponding to the volume 
required. In successive weighings of bottles so 
adjusted the differences should not exceed 
Od gram. To avoid loosening of the wax from 
direct contact with the glass, the bottles should 
be preserved from changes of temperature and 
from mechanical vibration, &c. 

Constant or automatic aspirators. Instru- 
ments of this class have bcei\ invented by 
Guthrie (Phil. Mag. [4] 16, 64) and by Bonny 
(Winkler's Technical Gas Analysis, trans. by 
Lungo, 17). In each of them a pipe from the 
water supply loads a constant stream of water 
into a vessel, which, when full, is emptied by a 
siphon, whose tube is of larger size than ttio 
supply pipe. The arrangement thus acts on 
the principle of the intermittent siphon, and 
the vessel is filled and emptied at regular 
intervals. In Bonny’s instrument these are 
registered by a simple mechanism, and the total 
vedume passed is known on measuring the 
volume passed in one operation. 

The Sprengel and injector pumps ma^be 
used as constant aspirators (v. r^LTEB peeps). 
By means of a collecting box attached below the 
pumps to allow the gas and water to escape at 
mfferent levels, the gas may be measured by 
passing it through a small gas meter (Davis» 
J, Soo. Chem. Ind. 211). 

J. Grossman (Winkler's Industrie-Gase, 
218) has invented a small mercurial aspirator, 
on the principle of the Geissler pump, with two 
reservours, whieh m alternately raised and 
lowered. It is fitted with registering apparatus. 

In testing air and gases from ooAfined places, 
works, &a, Angus Smith, Davis, and others 
have used small pear-shaped aspirators of india- 
rubber. These are emptied by simply squeezing 
in the hand. The air escapes by a valve, of 
which the simplest is a small slit in the rubber 
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ooimeotuig tube« opening outwards like a 
Bunsen’s valve. The rubber recovering its form 
draws a certain volume of gas through the test- 
ing apparatus, and it is easy to ascertain approxU 
mateiy the total volume of gas corresponding 
to any given number of times the aspirator 
him been filled. Another larger aspirator of this ’ 
elfts s is of bellows form, like a concertina, the 
folding part being of indiarubber. This aspi- 
rator w frequently used for filling by displace- 
ment jars or bottles with gas to be tested. The, 
common single-barrel air pump or apparatus, 
on the same principle, is also applied in this 
manner as an aspirator. 

At the Britisn Association Belfast meeting, 
1874, the late "Brot, Andrews showed how anj 
ordinary wet gas meter could be converted into 
an aspirator by applying motive power to the 
hollow axis of the ^m, thereby causing it to 
suck in air at the inlet side and at the same time 
to measure the air on the meter index. Using 
mercury as liquid in a cast-iron meter, a similar 
arrangement forms the basis of the Barr and 
Stroud air pump applied in the evacuation of 
bulbs for electric lighting lamps ( J. Soc. Chem. 
Ind. 1896, 640; Eng. Pat. 13188, July, 1^95). 

ASPIRIN. Trade nam'^ for acetyl salioylio 
aoid 0 *H 4 (C 00 H )0 (J0 CH„ used as an anti- 
rheumatic, and in the treatment of headaches, 
feverish colds, Ac. Is hydrolysed In the intes- 
tine forming sodium salicylate. 

ASPIROPHEN. Trade name for amino 
aoetphenetide acetyl salicylate. 

ASQUIRROL, Trade name for mercury 

dimethoxide. 

ASSAYING. Assaying, * the trial of metals,* 
a term originally applied only to the testing of 

S old and silver, is now usually extended to the 
etermination of the quantity of the valuable 
metal in an ore or metallurgical product. It is 
also sometimes taken to inmude the estimation 
of any element which may prejudicially affect 
the value of the ore, but it is more usual to 
discuss this together with such work as the 
complete analysis of ores, slags, furnace materials, 
fuel, Ac., under the heading of * metallurgical 
analysis.’ A brief account of some of wese 
sections is given below. 

The art of assaying is of great antiquity. 
The use of the touchstone for testing gold *in 
India was referred to by Mathuranatna (Hist, 
of Hindu Chemistry, by Ray, ii. 231), and was 
probably known in the Greek world at least 
as early as B.o. 700, when the first electrum or 
gold-silver coins were manufactured. At any 
rate the touchstone found its way into Greek 
mythology. The testing of gold alloys by 
cementation was described by Hiny, by Strabo, | 
and In the eighth century a.d. by the Arabian 
Geher, who was also familiar with the method 
of oupellation, and is reputed to have ^covered 
nitric acid. The parting assay of gold with the 
aid of this acid is referred to in a decree of 
Philippe de Valois in the year 1343, confirming 
its use in the French Mint. Alloys of silver 
with ooppe^ere tested by observing the degree 
of blackening caused by heat in the Roman 
Mint under the Republic (Rochon, Essais sur 
les Monnoies, 17, 1792). 

It is probable that ores were not valued 
except by inspection until the Middle Ages, ’ 


The first clear references to ore-assaying are 
to be found in the anonymous little books 
entitled Probierbiichlein, which were published 
in Germany early in the sixteenth century, and 
in the writings of Biringuccio, Agricola, and 
Ercker in the same century, but the art was 
evidently r^arded by these authors as already 
ancient at the time at which they wrote. Ercker, 
writing at Frankfort in 1680, describes the 
fire-assays not only of several different kinds of 
gold and silver ores, but also of the ores of 
copper, lead, tin, antimony, iron, mercury, and 
bismuth. Assaying by means of * wet methods,* 
volumetric, gravimetric, and electrolytic, is of 
comparative^ recent introduction (excepting 
the parting assay of gold), but has now in great 
part supeneded the ancient processes involving 
the use of furnaces. 

Sampling . — Whether the .material to be 
assayed is a portion of a vein underground, a 
heap of broken ore, pigs of metal, or a delicate 
piece of jewellery, in every case a representative 
sample must be obtainea. In the ease of ore 
in aitu underaround, pieces are taken from a 
number of different points and either mixed or 
examined separately. Ore which can bo moved 
is reduced in bulk either by hand or by machinery, 
and is generally crushed finer between each 
successive reduction in bulk. Every second, 
fifth, tenth, or twentieth shovelful or car-load 
may be set aside as a sample, or the whole heap 
may bo made into a perfect cone, which is 
flattened and divided into four quarters along 
two diameters. Two opposite quarters are 
removed and mixed, and the process of * coning 
and quartering * repeated as often as necessary. 
A heap or vat of ore or tailings, which must 
bo sampled without being moved, is pierced at 
regularly spaced interval by a sampling tube 
which resembles a cheese-taster, and withdraws 
a cvlindrical sample extending to the bottom 
of the vat or heap. 

Jn automatic sampling machines, which 
are much used in Western America, the crushed 
oTO is made to slide down an inclined plane or 
rotating cone, and a portion of the stream of 
ore is deflected and set aside as a sample. Those 
machines are preferred which momentarily 
take the whole stream of ore at regular intervals 
of time. A stream of pulp is sampled by the 
passage through it from si^ to side or from top 
to bottom, at regular intervals of time, of a 
receptacle which is large enough not to overflow 
while the sample is being intercepted. The 
pulp sample is then filtered and dried. Further 
reduction in the laboratory is effected by ooning 
and quartering or by a machine suen as the 
riffle or sampling tin, which consists of a series of 
metal troughs arranged side by side and fastened 
at equal distances from each other. A stream of 
ore let fall on it is in part retained by the troughs 
and in part passes through. 

The final grinding of the ore is effected by 
means of an iron pestle and mortar, or of a large 
hammer with a curved face sliding on an iron 
plate (or buckboard), or by some form of rolling 
or grinding mill. The crushed ore is passed 
through a sieve, the fineness of which varies 
according to the ore and the method of assay. 
If a panning test is required, a 20-mesh sieve 
(».€. one with 20 holes to the linear inch) suffioes. 
For most fusions, e.p. diy lead assay, a OO-mesh 
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siere is used. Gold ores are crushed through an 
80- or lOO-mesh sieve, and in the case of tin ores 
and of telluride ores of gold, the best results are 
obtained by using 120-mesh sieves. Before it 
can be passed through a fine sieve, the ore 
must be oried, so that the moisiure is determined 
on coarsely crushed ore by drying at 100* on 
a water-bath, or, if the dry material is not likely 
to be affected in anv way by a somewhat higher 
temp^ature, it is heated bn a sand-bath. In 
crushing rich gold and silver ores, mint sweep- 
ings, &c., pieces of metal are found which 
bMome flattened out and are caught on the 
sieve. These ' metallics ’ are treated separately, 
and the value calculated on the weight of ore 
from which they were derived. 

The dried and crushed sample is thoroughly 
mixed by means of a spatula in a basin, or on 
rubber-cloth, before the portion requi^ for 
assay is weighed out. If stored in a bottle or 
tin, the movement of the vessel causes tlie heavy 
articles to settle, so that the material at the 
ottom becomes richer than that at the top. 

Ingots of metal are sampled by cuts taken 
from the comers or edges, as in the case of 
refined gold and silver, or by drillings from a 
number of different spots, as is sometimes done 
in the case of iron and steel and of unrefined 
gold and silver Pigs of argentiferous lead are 
sometimes sampled by drillings or saw cuts. 
Base gold and silver ingots, and in many cases 
ingots of steel and pigs of lead, are melted and 
stirred, and a portion dijiped out and granulated 
by pouring into water, or cast into a little ingot. 
Coins are sampled in various ways, silver coins 
being seldom uniform in composition. The 
simplest method applicable to all is to roll them 
out and cut them into a laige number of little 
pieces, so that all parts of the com may be 
represented in the portion taken for assay. This 
method is adopted in the Philadelphia Mint, 
but is not in general use, other more complicated 
methods being preferred. Gold and silver wares 
are usually pickled, and are richer on the surface 
than in the interior. In sampling them, it is 
accordingly necessary to remove the outside by 
scraping and then to scrape off a portion of metal 
for assay. 

The preliminary examination of ores includes 
careful inspection, which is all the more useful 
if some comparatively large pieces arc included 
in the sample. The proximate constituents, 
such as quartz, pyrites, magnetite, galena, Ac,, 
are thus observed, and the proportions in which 
they ar6 present roughly estimated, this informa- 
tion being required in making-up furnace charges. 
Frequently a concentration test is made in a 
miner's (a flat-bottomed sheet-iron pan 
about 20 inches in diameter, and 3 or 4 inenes 
deep, with sloping slides) or a vanning shovel, or 
in any basin, pan, or even clock-glass available. 
For this purpose a portion of 25 grams or more 
is weighed out, stirred and shaken with water 
by a circular motion on the shovel, and the 
lighter particles rinsed away and caught in a 
basin. Finally by a combination of the circular 
motion, and a series of jerks, the denser particles 
axe thrown up and the lighter ones washed 
down the shovel. The concentrates are ex- 
amined with a lens or separated, dried, and 
weighed, or treated with acid, or examined 
by means ot the blowpipe, or in other ways, in 


order to determine the presence or absence of 
elements likely to interfere with the method 
of assay chosen. The vanning shovel is used 
particularly with tin ores, but may be applied 
to any others. Panning tests are especially 
useful in the examination of gold ores, but are 
also required to determine the nature of the 
* mineral * or compounds of the heavy met^ 
in almost all ores. The test may be applied 
to half a gram of ore in a watoh-glass, if no more 
can be spared. 

The tumaces used by assayers are the muffle 
fuinaoe, and the molting or wind-furnace. 



Fxo 1. 

The muffle furnace consists of a small oven or 
muffle of refractory fireclay open at the front, 
and having an arched top. It is heated by 
coal, coke, oil, gas, or electricity. Muffles 
vary in size according to the amount of work 
to be done, but those used at the Koyal Mint may 
be considered full size. Sectional views of one 
of these furnaces are shown in Figs. 1 and 2. 
The muffle a is 14^ inches long, 8^ inches wide, 
and 5 inches high, inside measurements, with 
walls about f inch thick. The mouth is closed 



Fio. 2. 

by the firebrick b and by a sliding plate resting 
on B. Air enters through holes in the sliding 
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plate and passes out at the back through the 
tube 0, which has a sliding damper and leads 
into the main flue. The fuel is ordinary gas, 
supplied by a row of bunsen burners D, and 
complete combustion of the gas may be aided 
by clay firebaUs surrounding the muffle. The 
flues B B carry off the waste gases. The fur- 
nace walls consist of firebrick bound with 
iron and covered with a thick layer of mag- 
nesia and asbestos to check radiation. No 
chimney stack or forced draught is required for 
this furnace. 

A meUinff Jumact adapted for the use of 
coke as fuel and suitable to make fusions in 
assay operations, is shown in section in Fig. 3, 
in whicn A is the fireplace, b the flue, o the 
ashpit, D the damper, and b the ilrcdoor. The 
most useful size of 
the fireplace is 
about 9 inches 
square, and about 
10 inches in depth 
from the firebars 
to the fine. I’be 
furnace is built of 
brick and lined 
with firebrick. It 
is bound with 
angle iron or 
covered with iron 
plates bolted 
together and fur- . 
niiwod with tie ^ 
rods. Qas-melting 
furnaces with 
natural draught Fia. ^ 

or using a blast of air are loss common. Fluxing 
crucibles consist of fireclay or, in the assay of 
galena, of wrought iron. They are of different 
sizes and shapes, the best-known being the 
Battersea (round, Cornish, and triangle), 
French, Hessian, and Colorado crucibles, the 
last-named being used for making fusions in the 
muffle, a common practice in America. Most 
crucibles require careful annealing before being 
used. Roasting dishes made of fireclay are 
for the roasting of ores ; fireclay scorifying 
dishes or scorifiers are used in the process of 
scorifioation ; cupels of various shapes and sizes 
are made of compressed bone-ash or magnraia, 
and are required in the assay of the precious 
metals. The bone-ash cupels may be^ made by 
the assayer, and must be carefully dried before 
use. Magnesia cupels are usually bought 
ready-made. 

The rea/fcnis used in fire assay he 

classed aa fluxes, agents for reducing, oxidising, 
sulphurising, and (msulphurising, and covers to 
protect the contents of the crucible from the 
action of the air, furnace gases, Ac. Generally 
speaking, an ore consists of compounds of a 
heavy metal or metals (the mineral), together 
with a quantity of earthy materials, such as 
quartz, silicates, Ac. (the gangue). It is re- 
quired to reduce the valut^le constituent to 
metaUlo form, and to incorporate the remainder 
of the orA’in a fusible slag, through which the 
partioks of metal may settle to the bottom, 
where they oolleot in the form of a button. 
Sometimes a regulus or matte (sulphide of a 
heavy metal) or a speise (anenide of a heavy 
metal) forms a separate layer between the metal 



and the slag, and a cover, say, of common salt, 
may be provided which is lighter than silicate 
slags and floats on the top. On breaking open 
a cold crucible in whicn a fusion has been 
made, there are, therefore, frequently four 
layers. 

The principal fluxes used are sodium car- 
bonate, which forms fusibb mixtures with acid 
(siliceous) ores, and also acts as a desulphuriser, 
converting pyrites into a mixture of sulphides of 
iron and sodium which does not form a regulus, 
but is dispersed through the slag. Carbonate 
of soda b now generally used in toe anhydrous 
form, Na|COs, but the bicarbonate, which gives 
up half its carbonic acid without fusion u also 
suitable. Soda c^stab give up their water of 
crystallisation with ebullition, and are not 
suitable unless previously dried. Basic ores 
require borax, which forms fusible mixtures 
with oxides of iron, lime, Ac. ; and increases toe 
fluidity of most charges. Crystallised borax 
powder on heating sweUs up enormouslyf gives 
up its water and fuses into a glass. The swelling 
may occasion loss in the assay if the crucible is 
too full. To avoid this, borax glass may be 
used, which is equivalent to about double its 
weight of ordinary borax. liitharge is a useful 
flux, especially for oxides of iron, copper, Ac., 
but attacks and corrodes the crucibles. Fluor- 
spar is sometimes used, especially for phosphates. 
Sand is often required to protect toe crucible 
from attack by basic ores. 

The reducing agents are carbon (charcoal 
powder or bmpblack), flour, tartar or argol 
(crude hydrogen potassium tartrate), and 
occasionally potassium cyanide. One part of 
charcoal is about equal to two parts of flour 
or five of tartar, but tartar also acts as a flux, 
being converted by heat into carbon and 
potassium carbonate. Black flux is a reducing 
mixture made by deflagrating one part of nitre 
with two and a half parts of argol. 

The chief oxidising agents, which are also 
desulphurisers, are hot air, litharge or red lead, 
and nitre. Iron is often used as a desulphurising 
agent. The ordinary materials used as covers 
are borax and common salt. 

The balances and weigfUs do not differ, as a 
rule, from those used in ordinary chemical 
analysis, the most notable exception being in 
the case of those used in tho assay of gold and 
silver. The proportion of these metab present 
in ores is reported in troy ounces, pennyweights, 
and grains per ton, or sometimes in ounces and 
decimals or in i^nnyweights and decimals. 
The weight of ore taken for assay accordingly 
contains as many milligrams as there are ounces 
troy in a ton (29,168 in a ton of 2000 lbs., and 
32,666 in a ton of 2240 lbs.). Thb weight ol 
29*166 grams is called an asaay-Um (or A.T.), 
and boxes of weights made up of assay-tons and 
decimals are used. by many assayors. Then 
the gold extraoted from the sample of ore is 
weighed in milligrams, and can be reported 
without oaloubtion. In the assay of gold 
bullion the weights commonly range from 
' 1000 * downwards, where 1000 >b 0‘6 gram or 
some other unit such as ff mins. Mnoh 
tedious calculation b avoided by thus mark- 
ii^ the weights so that their face-value 
gives at once the result of the assay. Again, 
m Miaying silver by precipitation as chloride 
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(India Mint mothod, see p. 419)» since 18*815 , 
grains of pure silver are contained in 25 grains 
of chloride, it follows that if 18*815 grains of 
an alloy be always taken for assay, and the 
resulting chloride be weighed out with a series 
of weights the largest of which is marked 1000, 
and is equal to 25 grains, and the others are 
marked correspondingly, then the subsidiary 
weights of this series will indicate the result of 
the assay without calculation. A similar series 
can, oI course, be arranged for any special 
purpose. 

The balances used for weighing gold and silver 
in bullion assays are light and delicate, taking 
about 2 grams as theur maximum of weight, 
and turning to one hundredth of a milligram. 
Usually, one division of the ivory scale is made 
equal to 0*05 mg. Balances for weighing 
the parted gold in ore assays are still more 
delicate. The maximum weight which they j 
can carry is only 1 gram or even less, and they | 
turn with one-hundredth or in some cases only 
one five-hundredth of a milligram. Milligram 
and half-milligram riders are used, but the 
final reading is always based on the deflection 
from the zero position of the pointer, measured 
by the number of divisions on the ivory scale 
covered by the swing. At the present day short 
beams of 6 inches, 4 inches, and even 8 cm. in 
length, are in use, so that the balances are very 
rapid in action in spite of their sensitiveness. 

In quantitative blowpipe work on gold and 
silver, it has been found possible to dispense, 
altogether with a delicate oalance, and to use I 
an ivory scale (Plattner'a scale), by which the| 
diameter of the bead of metal is accurately 
measured. The principle has been extended | 
in the assay of poor materials, and beads of’ 
microscopic dimensions are placed on the stage 
of a microscope and measured by means of a 
micrometer eyepiece. In this way L. Wagoner 
(Trans. Am. Inst. Mining £ng. xxxi. 1901, 
708) obtained a close approximation to the 
weight of beads of silver of 0*02 mm. in diameter, 
which weighed about 0*00004 mg. 

The above summary has special reference to 
the requirements of a laboratory for making 
dry or fire assays. For wet assays, the apparatus 
and reagents are those of the ordinary analytical 
laboratory (v. Analysis). 

In all methods of assaying, wet or dry, 
time must be considered as well as accuracy. 
It is sometimes important to arrive at a resiut 
in the course of an hour or less, and some of 
the methods described are intended for such 
emergencies, when extreme accuracy must be 
sacrinced. It is also necessary to observe 
that assay methods are intend^ to be com- 
parative, and wherever it is possible cheek assays 
on similar materials of Known composition 
should be made side by side with the assays of 
ores or other bodies requiring examination, and 
a correction applied to the results. In the 
following p^es, only methods in common use 
in assay offices are described. The methods 
of ordinary analysis are generally omitted or 
made the subject of brief reference. 

Aluminium. There are no special methods 
of assaying the ores of this metaL The silioates 
are broken np, oind the silica removed as 
usual, and the acid solution of the bases is 
treated so as to separate the metals ooBtained 


in it. Aluminium is precipitated and wekhed 
as phosphate AIPO4, or oxide Al,Ot. It is 
sometimes \veighed as oxide t(^ther with oxide 
of iion Fe«0«, and also P|Op if these con- 
stituents are present in the ore. The last 
mentioned constituent is of course combined 
as phosphate. The phosphorus and iron are 
then determined, aluminium being estimated 
by difierenoe (Low's Technical Methods of Ore 
Analysis, let ed. 22). 

AJitimony* The antimony in ores may be 
determined by fusion with cyanide of potassium 
or with iron (avoiding excess) and black flux, 
but the results are unsatisfactory. The sulphide 
of antimony in an ore may also be approxi- 
mately determined by charging 500 grama of 
ore broken to nut-size into a clay crucible with 
a perforated bottom. This crucible is fitted into 
another of about the same size, and the joint 
carefully luted. A cover is also luted on, and 
the whole is slowly raised to a red heat. The 
sulphide of antimony fuses and liquates into 
the lower crucible, from which it can be detached 
when cold, and weighed. The fused sulphide 
of antimony, if pure, contains 71*7 p.o. of the 
motal. The valuation of antimony sulphide 
ores is usually effected, according to Bedford 
McNeill (Berenger’s Assaying, llth ed. 226), 
by having recourse to the ordinary smelting 
operation, which is to be used in treating the 
ore on the large scale. Uharges of about 20 lulos. 
of ore are used for the valuation. 

The wot methods of estimation of antimony 
in ore are far more accurate than those referred 
to above. The ore is fused with sulphur and 
sodium carbonate, and then digested with 
water. A solution of ^ an alkaline sulpho- 
com^und of antimony is thus obtained, from 
which a mixture of antimony and arsenic sul- 
phides and free sulphur is precipitated by the 
addition of dilute hydroonlorio acid. After 
the arsenic has been separated, the antimony 
sulphide is weighed or is oxidised by fuming 
nitric acid, and weighed as ShgO^. Ores may 
also be attacked by hydrochloric acid. The 
antimony in the separated sulphide may be 
estimatea volumetrically, dissolving the sul- 
phides in hydroohlorio acid and chlorate of 
potash, warming to expel the chlorine, adding 
an excess of potassium iodide, and titrating 
with thiosulphate of soda (J. 600. Chem. Ind. 
XV. 255). 

Arsenic. The determination of arsenic in 
ores and metallurgical products is usuaUy made 
by Pearce's method, which consists in fusing 
aoout 0*5 gram of the ore with 5 grams of a 
mixture of equal parts of sodium carbonate 
and nitre, dissolving out the soluble arsenates of 
the alkalis and precipitating the arsenic in a 
neutral solution by means of silver nitrate. 
The precipitated briok-red silver arsenate 
Ag|AB04 is filtered off, dissolved in nitric acid, 
and the silver in it determined by Volhaid's 
thiocyanate method. The amount of arsenic 
present can then be calculated (Low's Ore Ana- 
lysis, 41). Small quantities of arsenic in metals 
and minerals ma^ be s^arated hjP distillation 
with ferric chloride and calcium chloride in a 
hydrochloric acid solution, the distilled arsenious 
chloride being condensed in a vessel of cold water 
(Berenger's Assaying, 384). (For arsenic in steel, 
MS p. 417.) 
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A. Copper p]^tM B. Grey copper on 


Lime 
Fluorspar 
Glass 
Borax 
i Hssmatito 


200 grains 
50 
200 
200 
150 
160 


Blimilth, if present in an oro in th<>> metallic lore 
state, may be determined by liquation, tho i^^itro 
method of procedure l)eing similar to that used 
in liquating sulphide of antimony iq»v.). The 
bismuth in an ore may also be determined by 
fusing it with fusion mixture, common salt, and 
cyanuie of mtassium. These methods are 
inexact, and bisinuth is usually determined by Sulphur 
being weighed as BijO, after precipitation as i Argol 
carbonate, or as BiO(Jl on a woighccl filter or a > ^ 

Gooch crucible after being dried at 100®., The charge is fu8e<i in a ‘ largo copixjr* crucible 
Bismuth in metallio lead is precipitated and ; at a low red heat, which is gradually raised, 
weighed as BiOCl, and in metaUio copper it [ After about 16 minutes the charge is poured intc 


100 ^aioB 

200 „ 
200 „ 
150 „ 

150 „ 

15-20 „ 
26-30 „ 

30 „ 


is (ietected by the colour given to lead iodide. 
(For estimation of bismuth in copper, see 
p. 414.) 

Chromium occurs in chromedron oro and 
someliincs in other iron ores, in pigdroii and 
in stool. Small quantities of chroniiuiii in iron 
ores, after separation from other metals and 
eartlis, are precipitated by load acetate in an 
acetio acid solution, and weighed as PbCr 04 , 
or, in the alternative, reduced by sulphurous 
ooid and the chromium precipitated from the 
green solution by moans of ammonia and | 
weighed os Cr^O^. Chromo-iron ore is assayed I 
by a volumotrio method based on the oxidation ' 
<A ferrous iron by chromium in the form of 
chromate. The chromium is oxidised by 
fusion with peroxide of sodium (J. Iron and 
Steel Inst, xlviii. 163). The ferrous iron is 
added in the form of a weigliod amount of ferrous 
ammonium sulphate or of a weighed amount of 
metallio iron dissolved in sulphuric acid. The 
0 X 0688 of ferrous iron present in the solution con- 
taining the chromium is titrated with per- 
manganate. Chromium in steel is precipitated 
and weighed as chromium phosphate (Chem. 
News, Ivii. 1888, 163), or os onromio oxide 
0 , 0 ,. 

Cobalt. See Mickel, p. 418. 

Copper, The principal ores of copper are 
(a) native copper ; (0) sulphide ores, copper 
pyrites or yellow oro, orubescite or purple ore, 
grey copper ore, Ac. ; (c) oxidised ores, malachite, 
sUioate of ooppi^r, Ao. The treatment of copper 
ores results in the production of copper matte 
or rogulus containing from 30 to 50 p.o. of copper, 
and ooment copiier or copper precipitate, con- 
taining 70 p.o. or more of motailio copper. 
In addition to these materials, ordinary com- 
mercial standard copper, refined copper, and 
the alloys of copper require to be assayed. 

The obief methods in use are as follows : — 

(1) Dry or Corniah aaaay, long used in con- 
nection with the sale of copper ores, but 
applicable ohiofly to mattes and rich sulphide 
ores. It is especially unsatisfactory when 
dealing with poor ores, but gives low results in 
all oases, the loss, aoco^ing to Beringer, ranging 
from 2 p.o. of the copper present in the rionest 
materials to 33 p.o. of the copper in 2 p.o. ore. 
It consists in fusing the oalcmod regiUus for 
metallio copper and refining the copper. Rich 
oxidised ores are fused for metal at once. The 
amount of ore taken for assay is 400 grains, 
but with lioh material only 200 grains or even 
100 grains are taken. The fluxes vary with the 
nature of the ore, in which there may be too 
much a^pbur and iron, as in ooppei^yrites, Ao. , 

The following 


or too little, as in grey copper, 
are examples of the charges ; — 


conical mould, and, as soon as the slag is 
solid, it is taken up by tongs, dipped into water, 
and allowed to dry. When treats in this wey, 
the slag breaks up readily. The regulus if 
detach^ by a hammer and crushed to powdei 
in an iron mortar. It should be reddish-brown 
in colour and contain about 50 p.c. of coppei 
and 20 p.c. of iron. It is roasted in a Comisfa 
oruciblo in the melting furnace or in a roasting 
dish in the muffle, at a low but incroasine 
temperature, with continuous stirring at flrst. 
When ' sweet,* t.s. not smelling of smphur, a1 
a full red heat, it is mixed with a little charcoal 
powder, and rc-roasted to decompose sulphates, 
it is then crushed again, if necessary, ana fused 
in the same crucible with argol, borax, and 
sodium carbonate. A high temperature if 
required, and the charge is poured in about 
15 minutes. The slag is detached and cleaned 
by a second fusion with more argol and sodiunc 
carbonate. The * coarse copper * obtained in thif 
way is refined by being charged into a very hot 
onicible and melted. The impurities arc 
oxidised by the air and form a ring of oxides 
round an eye of copper. Then refining flux, 
whioh consists of a deflagrated mixture of nitre, 
argol, and common salt, is added, and 2 minutof 
later the coi)per is poured, and if it is found 
to be at ' tough pitch,’ it is weighed. The sla^ 
contains cop()er, anil must bo cleaned. (Foi 
. full details of the method, see I'eroy’s Metallurgy, 
' i. 1861, 454-478.) 

I (2) Electrolytic aaeay of copper. The weight 
, of ore taken for assay depend on its richness, 
I a convenient amount of metallio copper foi 
' electro-deposition being from 0*1 to 0*6 gram, 
I When using this method or any of the othei 
wot methods, the copper must nnt be brought 
into solution and usually separated from othei 
metals. Oxidised ores may require merely to 
be treated with hydroohlorio acid. Bulphi^ 
ores, mattes, oopper precipitate, Ao., are at- 
tacked by nitric acid, evaporated to dryness, 
and taken up by hydroohlorio acid, dopper 
slags are fused with sodium and potassium 
carbonate (fusion mixture), and a little nitre, 
and are then digested with water and hydro- 
ohlorio acid. The copper is precipitated from 
its hydrochloric aoict solution by means of 
sulphuretted hydrogen or (after evaporation 
with sulphuric acid) by sodium thiosulphate, 
and the sulphides are filtered off and redissolved 
in mtrio acid. The copper may also be separated 
from other metals by adding sulphuric acid to 
the nitric or nitrohyoroohlorio acid solution and 
boiling off the volatile acids. The solution ia 
oooleo, diluted and filtered, and oopper 
precipitated at a boiling temperature with 
aluminium loiL For the eleotrolytio assay, the 
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■olatioii obtained in <mn of thoM wajn is dilated, 
warmed, and filtered into a 200 0.0. flask, and 
made np to about 100 0.0., of which from 2*5 to 
r> p.c. should be nitric acid. Platinum electrodes 
(spiral and weighed cone or cylinder) are then 
pMoed in position, and a current from two 
baniell cells in series is passed throush for 
16 or 17 hours. The oylinaer is removed from 
the colourless solution, washed with water and 
afterwards with alcohol, dried in a water-oven, 
and weighed. The copper precipitate should 
be salmon-red in colour. The solution still 
contains a little oopper, which is estimated 
oolorimetrically, ammonia being added, and the 
colour, after filtration, oompaiM with those of 
standard solutions containing known amounts 
of copper. Silver, mercury, bismuth, arsenic, 
and antimony interfere with the proCoss, being 
deposited with the copper. Mercury, however, 
is separated on disaolving the aulpliides in nitrio 
acid. Bismuth turns the copper dark grey, but 
is not deposited until most of the copper has 
been thrown down. Arsenic and antimony 
darken the copper deposit, but may be driven 
off by heating to dull r^ness. Lead is de- 
posits at the anode as a dark-coloured coating 
of PbO|, and may bo weighed in that form. The 
electrolytic assay is suitable for all matt'nals 
containing copper (c/. PiLBCTBOLYno analysis). 

By rapidlv rotating the cathode a coherent 
deposit can be obtained even when a strong 
current of 10 to 12 amperes per 100 sq. cms. of 
cathodic area instead of the usual current of 
0*6 to 1*0 ampere is used. The time required for 
the deposition of the oopper mi^ thus be 
shortened to a few minutes (Amer. J. Sci. 1903, 
xvii. 320, xviii. 06 ; J. Amer. Chem. Soo. zxv. 
B90 ; Chem. Soc. Trans, xci. 373). 

(3) The volumetric assay of copper. There 
are two main processes — the potassium cyanide 
and the iodide methods. Both are in wide 
use in the assay of ores, alloys, &c. In pre> 
paring to use these methods, the copper is 
brou^t into solution, and may be separated 
from other metals, Ac., os already described, 
with any further precautions necessary to 
remove special impurities. With ordinary 
pyritic ores, however, containing no zinc, silver, 
nickel, or cobalt, it is sufficient, in preparing 
For the cyanide process, to heat the ore gently 
with coiioentraM nitrio acid to which a little 
miphurio acid has been added. It is then 
dilated, an excess of ammonia or of NagCOg 
!idded, the bulk made up to some oonvenient 
aimount such as 300 0.0., and the solution titrated 
with potassium cyanide. The blue solution is 
decolourised, and when overdone changes to a 
straw-yellow colour. The results are affected 
by time, temperature, degree of dilution, and 
by the amounts of ammonia and of ammonium 
salts. The conditions of the check assays on 
pure oopper and those on ores, Ac., must 
therefore be identical, and ferric hydrate, for 
axample, must be present either in both or in 
neither. If, however, the solution is free from 
jimmonia and ammonium salts, and is made 
rikalme with sodium carbonate, the effects of 
time, temperature and degree of dilution are 
much reduced, while ferrio salts do not affect 
the result unless present in such amount as to 
mask the end reaction. The standard cyanide 
lolution, which decomposes somewhat rapidly. 


contains about 42 grams KCy to the litre, and 
100 o.a of this is equivalent to 1 pram of oopper. 
The reaction, according to Bennger, is lepre- 
seated by the equation : 

CuS04-i-4KCy«2K(>^*CuCy,-fK^04. 

The quantity of oopper usualiy present in an 
aspay is about 0*6 gram. At the finish the effect 
of an addition of 0*5 0.0. of ovanide is readily 
observable. Zinc, silver, nickel, and cobalt 
interfere with the assay, and must be removed 
before titration. 

In the iodide method, the alloy or the sul- 
hide of copper separated from the ore is 
issolved in nitrio acid, evaporated almost to 
dryness in order to expel nitrous fumes, and 
diluted. The nitrous products may also be 
destroyed by urea. Tlio solution is then filtered 
if necessary, and carefully neutralised with 
sodium carbonate, avoiding excess. One o.e. of 
acetic acid is then added, wmoh should he enough 
to redissolve the precipitated oopper. Next, 
after cooling the nask, an amount of about 
5 grama of potassium iodide crystals is added 
(or not less than ten times the weight of the 
copper present) ; the solution is diluted to a 
fixed amount, say 60 0.0. ; and the liberated 
iodine is at once titrated with a solution con- 
taining 30*18 grams sodium thiosulphate (equiva- 
lent to 10 grams of oopper) to the litre. The 
reactions are represented by the equations : 

2CUSO4 t- 4 KT-=Cu,T, f 2r-l-2K,S04 
2Na,S,()|-l-21 =2Nal 

When the yellow colour is almost discharged, 
2 c.c. of fresh starch solution is added, and the 
addition of the thiosulphate continued drop 
by drop until the blue colour disappears and 
does not return within 2 or 3 minutes. The 
effect of one drop or 0*06 c.c. of standard solu- 
tion, equivalent to 0*6 mg. copper, is observable. 
The solution is standardised with pure electro- 
lytic oopper. Ferric acetate, arsenic, lead, and 
large quantities of sodium acetate may interfere 
witn the titration. According to J. W. West- 
moreland (Beringer’s Assaying, 441), sodium 
acetate counteracts the interference of arsenic 
and bismuth, and the had effect of large quanti- 
ties of sodium acetate is removed by doubliim 
the amount of potassium iodide added. Iron, u 
present, is precipitated by ammonium phosphate 
( J. 80c. Chem. Ind. v. 48). Instead of neutralising 
with sodium carbonate and acidifying with acetio 
acid, an addition of 20 c.c. of a saturated solution 
of zinc acetate may be made (A. H. Low)^ 
In order to dispense with the large quantities 
of expensive potassium iodide required in the 
ordinary method, Moir proposes (J. Chem. Met. 
and Mng. Soc. of S.A., vol. xviii., Nov. 1917, 
p. 133) to add a slight excess of sodium thio- 
sulphate to the usual very faintlv acid solution of 
cupric acetate, and to titrate back with NjiO- 
iodine, of which only a small quantity will be 
required. 

The colorimetric method of assaying oopper 
is sometimes used in the case of very poor ores, 
or generally whenever the quantityeof c^per 
present is small Bcference has b^n ma^ to 
it above. 

Examination of commercial copper, Blectro- 
lytic and I.<akc copper are generally nearly pure, 
but some of the metal sold contains as much as 



414 


AflUYINa 


2 or 3 p.o. of impurities. The most im- 
portant of these are arsenic, lead, nickel, oxygen, 
and phonhoms ; but antimony, bismuth, oobalt, 
gold, iron, selenium, silver, sulphur, and tellurium 
mav also be present. The impurities to be 
looked for in copper which has passed a high 
oonduotivity test are mainly bismuth, s^enium, 
and tellurium. Arsenic and phosphorus are 
separated os iron arsenate and phosphate 
mmed with acetate. Gold and antimony are 
separated by dissolving the copper in nitric 
acid, and silver is precipitated as chloride or 
bromide from a nitric acid solution. It may 
be collected in a precipitate of lead sulphate 
Nickel is left in solution by precipitating copper 
electrolytically, or by sulphuretted hydrogen 
in an acid solution. Lead is detected by the 
blackenins of the anode in the electrolytic 
assay, and is estimated as sulphate or chromate. 

'Die methods of determining oxygen may bo 
olassiHed in two groups (J. Inst. Metals, vii. 1012, 
232) 

1. The estimation of cuprous oxide. 

2. The estimation of total oxygen. 

In Hamne’s method (/eitsch. anal. Chem. 
xiii. 1874, 216) of estimating the amount of 
cuprous oxide in copper, the copper is dissolved 
in cold dilute silver nitrate solution free from 
acid. 'Fhe equations are as follows : — 
Cu+2AgNO,=Cu(NO,),-f-2Ag 
3Cu,0+8AgN0,-l 3H,0 

=2Cii(NOa),*f2Cu,(HO)*NO,-}-6Ag 

The copper existing as (JugO is found by 
multiplying the copper in the precipitate by f. 
The results are satisfactory. 

Total oxygen is estimated by heating thin 
strips or bright turnings of copper to redness in a 
stream of hydrogen and weighing the water 
produced, or, bettor still, the residual copper, 
in the latter case, as mirrors of arsenic, antimony 
and bismuth may bo formed, it is necessary to 
weigh the tube and copper together. 

Bismuth is separated, according to Boringor, 
by precipitation by sodium bicarbonate. After 
rraissolving in surphuric acid, it is boiled with 
sulphurous acid and potassium iodide, and the 
bismuth in the yellow solution estimated 
colorimetrioally. Tellurium and selenium (J. 
Amer. Chem. &oo. xvii. 280) are precipitated as 
iron tellurite and selenite by additions of iron 
nitrate and ammonia. 'X"ho precipitate is re- 
dissolved in HOI, tartaric acid and potash added, 
and a current of sulphuretted hydrogen passed. 
'Die selenium and tellurium are subsequently 
precipitated by a current of sulphurous acid in a 
nydroohloric solution, and parted by boiling with 
potassium cyanide. 

Gold. Gold is generally in the metallic 
state in its ores, either in the form of grains, 
scales, pellets, Ac., in loose alluvial gravels, or 
in various forms embedded in quartz or other 
g^ue in veins. It is frequently associated 
with iron pyrites, blende, &o., but the only 
native compounds are the tcllurides. Besides 
these, the auriferous materials to be assayed 
comprise t^.ling8 or residues of ores after treat- 
ment, copper bottoms, pig lead, unrefined 
bullion, which contains silver, copper, and other 
metab, fine (t.e. refined) gold, and the commercial 
alloys used for coinage, plate, &c. The assay 
of gold ores and alloys is made with greater 


exoctaeas than other OHays, owing to the high 
value of the metoL 

A vanning €U9aiy, ot ooncentratioii test is 
carried out as described on p. 4G9. The con- 
cmitrates consist of * black sand ' or oxides of 
iron, titanium, Ac., sulphides and arsenides, 
and sometimes grains of platinum. Free gold 
is sometimes visible, and is collected by grinding 
in a mortar with mercury, panning out the 
amalgam, and recovering the ^Id by distilling 
ofi the mercury or dissaving it in nitric acid. 
In either case the gold must be parted from the 
Sliver as described on p. 416. The panning 
assay of alluvial gold deposits is usually reported 
in grains of fine gold per cubic ya^, which 
weighs about 3000 lbs., or 1^ shore tons. In 
the panning assay, from 60 to 90 p.c. of the 
gold in the ore is usually recovered. 

Ordinary gold ores are assayed by (1) the 
fusion or crucible method, or (2) the scorifioation 
method. In the crucible assay ^ the ore, crusheii 
through an SO-mesh or finer sieve, is mixed with 
litharge or red lead, charcoal, or argol, and the 
necessary fluxes, and, fused in the mefbiim furnace 
or, as in Western America, in the muffle. 'J'he 
amount of oro taken is usuallv I A.T. (assay- 
ton, see p. 410), but is sometimes only 4 A.T., 
and, in the case of poor tailings in which there 
are only a few grains of gold per ton, as much as 
12 A.T. is taken and fused in several charges, 
the gold being finally collooted into one lead 
button. The iluxes vary with the nature of 
the ore. The following are typical charm 
subject to very large variations to meet spe^l 
oases : — 


— 

A. SillclouB ore 
(grey or white 
with a little 
pyrites, Ac.) 

B. Basic 
oxidised 
ore (red or 
brown) 

C. PyrlUc 
ore 

Ore . 

1 A.T. 

1 A.T. 

1 A.T. 

Litharge or 
red lead 

1 M 

1 » 

1 ,, 

Charcoal . 

1’2-1*6 grams 

2*0 grams 

0-1 gram 

dodiiini 

caruonate 

IJ A.T. 

26 ,. 

1 A.T. 

Borax 

6-10 grams 

10 ,. 

10 grams 


Sand is added to B and 0 if necessary for the 
protection of the crucible from corrosion. The 
borax is usually not mixed with the chaim, 
but is added as a cover or oharged in after tne 
fusion has begun. The ohai^e is well mired 
and put into a cold crucible, which it must not 
make more than two-thirds full, and pieces of 
hoop iron or two or three tenpenny nails are 
embedded in the mixture. 'The crucible is 
gradually heated, a red heat beginning to appear 
after about 10 minutes, and a dull red boat not 
being attained for 30 minutes or more. Tranquil 
fusion results in 40 or 60 minutes from the time 
of charging in. The pot is then lifted out of 
the furnace, the nails removed, and the charge 
poured into a oonioal mould or allowed to cool 
m the TOt, which is afterwards broken. When 
cool, the lead button is detached from the slag 
by hammering. The button should weigh at 
least 25 grams. If less than this amount of 
lead is r^uced, a fre:h oharge is made up con- 
taining more charcoal, and any change is made 
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in tfan fluxes whioh msy teem desirable from the 
appearanee of the slag. If the lead js hard or 
brittle, owing to tho presenoe of impurities, it is 
usually sooriOed, sometimes with the addition 
of fresh lead, bkore being cupelled, as other- 
wise the loss of gold is inoreased. 

Tho slag wul contain gold and a fortiori 
silver if the conditions during fusion are favour- 
able to oxidation of tho metua For this reason 
it is better to reduce almost all the litharge 
than to leave some of it in the slag, and the 
more readily oxidised metals — iron, manganese, 
&o. — must be reduced to their lowest oxides, 
ferrous oxide, &o. Praotically all the copper, 
nickel, and other readily reducible metals will 
then be in the lead button. In the case of ores 
containing much cop^r, this is a disadvantaM, 
entailing loss of gold in cupellation, and ^e 
copper may be removed from the ore by treat- 
ment with acid before fusion (uith some loss of 
silver) or large quantities of litharge (6 A.T. of 
PbO to 1 A.T. of ore) may be added, and only 
a small part of it reduced. In the latter case 
the slag contains gold and silver, and is cleaned 
by a second fusion, with the reduction of more 
lead. A similar method of fluxing is used for 
tcUuride ores, an excess of litharge in the slag 
preventing tellurium from entering the lesiu 
button. Antimonial and arsenical gold ores 
are sometimes roasted with coal-dust in a re- 
ducing atmosphere, in order to remove the 
antimony or arsenic as a sulphide before fusion. 
An alternative method is to fuse with much 
litharge and enough nitre to oxidise the antimony 
with uie formation of antimoniates. Sulphides 
may be roasted in air before fusion. 

The lead button, rounded by hammering, is 
placed on a hot oupol in tho muffle (see p. 10.)), 
which is kept at a full red heat. The lead melts 
and oxidises, and the litharge and other oxides 
are absorbed by the cupel, the gold and silver 
being left as a bead (or * prill *) on tho surface. 
1 C tho bead is large and contains much silver, it 
must be cooled nadually to prevent it from 
* spitting * on solidiflcation, by which part of tho 
metals might be lost. The bead is cleaned, 
weighed, flattened, and parted by dissolution in 
boimig nitric acid in a porcelain crucible or test- 
tube. If less than two parts of silver are present 
to one of gold, the metals are not parted com- 
pletely, silver being left in the gold, and it is 
convenient to have a greater proportion of silver 
present. It is, therefore, often necessary to 
melt the bead with more silver, tho proportion 
vaiying with the size of the bead, as follows : — 
Weight of gold Silver required for parting 

10 milligrams 40 milligrams 

1 „ 0 .. 

0*2 „ or less 2 „ 

A little extra silver is permissible, but if too 
muoh silver is present, there is a tendency for 
the gold to break up into very fine particles, 
which are difficult to wash without loss. The 
separation of these minute psrticles is avoided 
by dropping the bead into boiling acid, sp.gr. 1*2, 
when the pirting will be completed in a few 
seconds. The parted gold is waahed free from 
silver nitrate, &o., ana is made firm and co- 
herent for weighing by being annealed at a red 
heat. (For weights, balances, &o., see p. 410.) 
The silver is estimated by difference. The 
litharge, fluxes, &o., must be tested for silver 


and gold by running blank charges without 
ore. 

In scorification about 0*1 or 0*2 A.T. of ore is 
mixed with 30 or 40 grams of granulated lead, 
and transferred to a dry scorifier. The charge is 
covered by a similar amount of granulated lead, 
and from 0*5 to 1 gram of borax is sprinkled on 
last. The scorifying dish is then chaigcd into a 
muffle, which has been raised to a temperature 
of 1000®-! 100®, or considerably above that 
required for cupellation, and the muffle is closed. 
As soon as the charge is melted down, the muffle 
is opened. The lead now oxidises, and the 
litharge, forming a ring of slag round the 
scorifier, oxidises tho sulphides, &,o,, and slags 
off the earthy materials in the ore. As oxidation 
proceeds, the litharge encroaches on the * eye * 
of metal, and at length covers it over. A pinch 
of charcoal powder is then added in tissue paper, 
and when the fusion is again tranquil, the cliaige 
is poured into a mould, and tho slag detached. 
The lead is cupelled, and the assay finished as 
before. 

In cupellation some gold and silver is carried 
into the cupel with the litharge, especially it 
tellurium, selenium, copper, &c., are present. 
The gold and silver are usually recovered by 
fusing the crushed cupel with litharge, oharooa), 
sodium carbonate, borax, and fluorspar, and 
ou polling tho button of lead (see Lodge’s Notes 
on Assaying, 112-169). 

Assay of gold hulhon and alloys^ A piece of 
the metal to be examined is adjusted by cutting 
and filing to correspond in weight with a standard 
weight marked ’ 1000,’ which varies with differ- 
ent assayers between 5 and 10 grains, but is 
usually 6*5 gram. To tho assay piece is added a 
piece of silver (free from gold) equal in weight to 
2^ times (at the Royal Mint 2*1 times) that of 
the gold estimated to be present in the alloy, 
which, if not already known, can bo ascertained 
by a rough preliminary assay or by the touch- 
stone {see p. 416 )- 'i'ho whole is wrapped in 
sheet load, the weight of which depends mainly 
on the amount of copper to be removed, and 
varies from 8 to 32 times the weight of metal 
taken for assay. The lead packets are then 
transferred by means of tongs to cupels already 
raised to a bright red beat in the muffle, the 
current of air through tho muffle is carefully 
regulated and the heat maintained. In from 
10 to 20 minutes, a rapid passage of brilliant 
iridescent bands of colour over the surface of 
the button is observed to take place, and the 
buttons then appear to become colder, no longqp 
glowing brightly with the oxidation of the lead. 
A few minutes later the muffle is closed to allow 
the buttons to set without loss by spitting. If 
copper is present in the assay pieces, however, 
this is not to be feared, and the charge can be 
drawn while the buttons are still mdten. At 
the Royal Mint a charge consists of 72 assay 
pieces, which are charged in simultaneously by 
means of a divided metal tray with a sliding 
bottom and withdrawn simultaneously while 
still molten by moans of a tray made of a 
mixture of graphite and clay, on #i'hioh the 
cupels are pl^ea The buttons are cleaned by 
brushing, flattened on an anvil, annealed in the 
muffle or before a blou'pipe, and reduced to a 
thickness oi about 0*2 mm. by passage through 
a small pair of flatting rolls. The ’ fiUets * are 
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a4;aiii annealed and coiled into a spiral or 'comet * 
by the Bnger and thimb. 

The parting in nitrio acid is effected sHher 
in glass parting flasks or in a platinum boiling 
apparatus. If parting flasks are used* an | 
amount of about 2 oz. of nitrio acid of sp.gr. 1*2 ! 
is heated in the ffask almost to boiling, and the 
comet is then dropped in and boiled until 2 or 3 
minutes after the red fumes have disapmared. 
The acid is then poured off, and the gold, after 
being washed twice with boilinc water, is boiled 
for a further 15 minutes witn nitrio acid of 
sp.cr. 1*2 or stronger, llio acid must be free 
from silver, chlorine, Ao. 

llie gold is again washed, and is then trans- 
ferred to a porous crucible or * anneslin" cup ' 
by filling the flask with water, pinnng the cup 
over its ir.outh, and inverting it. The gold falls 
into the cup, and the flask is removed without 
agitating the water in the cup. The gold is 
then dried, annealed by heating to rednoss, and 
weighed. If no more than three parts of silver 
are present to one of gold, the comet docs not 
brealk up; and if enough is known previously 
of the composition of the bullion to make sure 
of this in the cupelled button, n platinum tray, 
containing a number of little platinum cups may 
bo used. A comet is placed in each cup, and 
the whole tray is immersed in nitrio acid, and 
subsequently washed by dipping in and out of 
hut water. Less aoid is us^ per assay piece 
by this method, and the boiling is more pro- 
longed, 30 minutes in each of two acids of sp.gr. 
1'23 being used at the Royal Mint. 

In oadi batch of assays, two or more chock 
assays on pure gold are made to determine the 
' surcharge ' or net sum of the losses of gold and 
the gain in weight due to the retention of silver. 
With alloys boiled separately in flasks, check 
assays are of comparatively little value (sec 
Rose's Metallur^ ot Qold, 6th od. 470~408). 

Alloys of gwd and silver If the alloy con- 
tains enough silver to be parted by nitrio acid, 
no diifloulty arises. The silver is dissolved, 
precipitated by hydroohlorio aoid, and weighed 
either as chloride or as metal. If the silver is 
deficient in auantity, the alloy is melted with 
two and a hair times its weight of cadmium under 
a cover of potassium cyanide and parted with 
nifrio acid. The silver is precipitated and 
weighed as chloride, or determined volumetri- 
oaliy in solution by means of sulpho^anide. 
Sometimes the silver is determined by difference, 
the alloys being oiipeliod and weighed, and subse- 
quently oupelTed again with tne addition of 
silver, and parted. 

(For alloys oontaining guild and pkUinum, see 
p. 418.) 

Assay by the touchstone. This ancient i 
method oonsists in comparing the colour of the 
strode produced by a sample of gold of unknown 
oomposition on a black surface with those from 
a series of alloys of known compositions, after 
all have boon treated alike with nitrio acid. 
Any abrading surface on which the aoid is 
without action can be employed for this purpose. 

Iridium ^ooours alloyed with platinum, and 
finds its way into gold bullion. In the latter 
ease, it is found with the gold comet obtained 
in the bullion assay, adhering in the form of 
black scales or powder to that side of the gold 
which was originally nearest to the cupel. It 


can be estimated dissolving the gold in 071M1 
regiot the iridium remaining undissolved. 

IrOA. The dry assay of iron, made by 
fusing ores with fluxes in oaibon-lined (brasq[uea) 
crucibles, is obsolete, and need not be described. 
The wet methods are volumetric, based on the 
oxidation of iron from the ferrous to the ferric 
state or on the converse reduction. Either the 
bichromate or the permanganate method is 
generally used to determine the total amount 
of iron m ores or the amount of iron present in 
the ferrous condition. The stannous chloride 
method is used for measuring the amount of 
iron present in the feme state in an ore. 

For the determination of the total amount 
ot iron, the ore is passed through an 80-mesh 
sieves and attacked by acids as usual Most 
ores arc oxides, carbonates, Ac., and the iron in 
them IS easily dissolved by hydrochloric acid. 

Titaniferous ores arc fiisM with acid potas- 
sium sulphate and dissolved in water and 
hydrochloric acid. If nitric acid is present in 
the acid solution, it is destroyed by evaporating 
to dryness with hydrochloric acid and taking 
up With hydrochloric acid and water, and the 
iron is then reduced by zinc, which gives a 
stream of hydrogen or (if titanium is present) by 
crystals of sodium sulphite m a neutral or slightly 
acid solution. As soon as the solution is colour- 
less, the excess of zinc is removed, or the sodium 
sulphite decomposed by boiling with hydro- 
chlorio acid, and titration is carried out in a 
porcelain basin by moans of a solution prepared 
by weighing out 4*39 grams of potassium bichro- 
mate to the litre, equivalent to 5 grams of iron 
according to the equation : 
flFcCla-l-KjCrjO^+UHa 

=:3Fe*Cl,-fCrs,a,-f2Ka-f7H,0. 

Potassium ferricyanido (0*1 p.c. solution, 
freshly prepared) is used as an indicator, a drop 
.from the assay solution being mixed with a drop 
I of the tost solution on a white glazed tile, from 
time to time. The end-point is reached when a 
colour 18 no longer procluccrl. The solution of 
bichre^mato is standardised by means of piano 
wire, M’hich contains about 0*4 p.c. of impurities. 

I'he permanganate method is carried out in 
J a sulphuric acid solution, the equation being : 
10FeSO4-fK,Mn,Og-f8H,SO4 

-6Fe,(S04), f 2MnS04-f K,S044*8H,0. 

The standard solution is prepared by weighing 
out 2*82 grams of potassium permanganate per 
litre, which is equivalent to 5 grams of iron. 
The end reaction, the appearance of a pinkish 
lingo in the solution in the flask, is very sharp. 

When the amount of ferrous iron only in the 
ore is required, the ore is dissolved in hydro- 
chloric or sulphuric aoid with exclusion of air. 
The ferric iron may be determined by difference, 
or, as a cheek, the stannous chloride method 
may be used, in which the yellow solution of 
ferric iron in hydrochloric acid is decolourised. 
The standard solution (20 grams of commercial 
stannous chloride per litre, acidulated with 
hydrochloric aoid) is run into a boiling- hot 
solution of iron, and is standardised by moans 
of a solution of ferric chloride free from nitrio 
acid. 

Analysis of iron and steel. The elements 
requiring estimation are carbon (graphite, com- 
bined carbon and total carbon), silicon* man- 
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ganMe, sulphur, phosphorus, arsenic, and. in | 
special steels, ehromiam, nickel, tungsten, 
molybdenum, Tanadium, Ac. The total carbon 
is estimated by combustion, usuaUv after 
removal of the iron a cupric salt. The 
fi^aphite is estimated by combustion of the 
residue after dissolving the iron in hydrochlorio 
acid, by which the combined carbon is removed ^ 
in combination with the hydrogen evolved, , 
or more advantageously in nitric acid, by which > 
the combined carbon is oxidised and retained in . 
solution. The combined carbon is determined by 
the colour of a nitric acid solution compared with 
the colour of certain standard solutions con- 
taining known amounts of carbon. Silicon is 
weight as silica after dissolution of the iron 
by acids or iodine. Sulphur is weighed as 
barium sulphate, after the iron has been dis- 
solved in aqua regta^ or it is evolved as sul- 
phuretted hydrogen, which is absorbed by 
caustic soda, and decomposed by a standard 
solution of iodine. The excess of iodine is 
estimated by sodium thiosulphate. 

Manganese is sepaiated by precipitation with 
bromine in an ammoniacal solution after removal 
of the iron as basic acetate. The precipitated 
hydrated peroxide is heated strongly in a muffle 
and weighed as Mn 304 . There is also a colori- 
metric estimation, the steel being dissolved in 
nitric acid and the solution boiled with lead 
peroxide. The colour of the permanganate 
produced is compared with those of standartl 
solutions. Phospnorus is precipitated by ammo- 
nium molybdate or magnesia mixture. Arsenic 
IS separated by precipitation as sulphide in an 
acid solution, converted into arsenic acid and 
determined by precipitation by magnesia mixture. 

(For the determination of the metals m 
special steels, see under the headings Chromium^ 
Nickel, Ac. For full details of the analyris of 
iron and steel and also of the complete analysis 
of iron ores, see Blair’s Chemical Analysis of 
Iron, Campredon’s Guide Pratique du Chimiste 
M4tal1urgisto et do I’Essayeur, 438-634, and 
Brearleyand Ibbotson’s Analysis of Steel Works 
Materials.) 

Lead. Both dry and wet methods of assay 
are used. The dry assay is only applicable to 
rich ores and to concentrates, and even with 
these IS less accurate than the wet methods. 
The ore is crushed through a GO-mesh sieve, 
mixed with sodium carbonate and argol, and 
fused in a wrought -iron crucible or in a clay pot 
with hoop- iron. Galena is reduced by the iron, 
and any oxides, sulphates, Ac., of lead are 
reduced by the ftwl. Borax is sometimes 
added as a cover. The following are examples 
of the ohaigas recommended by Percy : — 

2. Any 

1. Bloh BaleDa,e8p. 3. Phos- 4. Cenia- 
galena poor nre« phate ore site 
Ore • . hOOgrs. 500 gru. 300 grs. 500 grs. 

S^ium car- 
bonate . 500 „ 350 „ 350 „ 500 „ 

Argol (tartar) 50 „ 100 „ 100 „ 100 „ 

Borax . . — 150 »» SO 30 „ 

The iron cmcible is made red hot, cleaned, and 

allowed to cool. The charge is then transferred 
to it, care being taken to avoid loss by dusting, 
and the borax, or, if none is used, part of the 
sodium carbonate is added as a cover. A clay 
lid is also placed on the crucible. The charge 

voL. I— r. 


is slowly heated for about 20 minutes, and is 
then ])ourod into a mould, providecl that ail 
Signs of offorvesoence have disappeared, and the 
mixture is aeon to be in a state of tranquU 
fusion. The lead is found at the bottom. It 
is detached from the slag with *a hammer, and is 
cleaned and weighed. The slag is examined for 
lead beads before being thrown away. Clay 
crucibles are used for phosphate and oarbonato 
ores. 

When the ore contains arsenic, a speise is 
formed which is found adhering to the upper 
surface of the lead, below the slag. It must 
be removed with great care to avoid loss of lead. 
The lead should bo soft and malleable. The 
silver and gold in the ore nre determined by 
oupellation and parting (see p. 415). The 
method gives results with pure ores which are 
about 1 or 2 p.o. too low. Whon the ore 
contains antimony, bismuth, copper, Ac., these 
metals are in part reduced with the load, and 
are weighed with it. If the lead button is 
hard, it is necessary to estimate the load m it 
by w'eighing it as lead sulphate or otherwise, or 
to adopt wet methods of assaying the ore. 

(Fof details of the dry assay of load, see 
Percy’s Metallurgy of Lead, 103-119.) 

In the wet methods, oxidised ores are 
attacked by hydrochlorio acid, followed by 
nitric acid, if necessary. Sulphide ores arc 
treated direct with iiitrio aoicl. The lead is 
determined either as sulphate or volii metrically, 
by moans of ammonium molybdate (Alexander’s 
method). In the latter metnod (Eng. and Mng. 
J. April 1, 1803, 208), the mixture of nitrio 
acid and ore is evaporated with sulphuric acid, 
diluted, boiled, and filtered. The lead sulphate 
in the residue is dissolved in hot ammonium 
acetate, acidified with acetic acid, raised to 
boiling, and titrated with a standard solution of 
ammonium molybdate, oontaiiiing, acoordiug to 
Low, 4 ‘25 grams per litre. The solution is 
standardised with pure lead foil. Tannin is 
used as an indicator, giving a yellow colour to 
a drop of the solution ou a white glazed tile 
when the ammonium molybdate is in excess. 
If iron and calcium arc present, it is better to 
separate the lead as sulphide and redissolve 
before titration (Low’s Ore Analysis, 113). 

I>ead may also be determined in a feebly 
acid solution by adding an excess of potassium 
chromate and estimating the amount of excess 
by means of a standud solution of ferrous 
cUoride. The reaction is the same as in the 
bichromate assay of iron, but in this oaso tfie 
end is marked by the appearance of a green 
colour in the test drops on the plate (Beringer’s 
Assaying, 214). 

Manganese occurs as MnO, in pyrolusite. 
Spiegcleisen, ferromanganese, and steel arc also 
assayed for manganese. Either the ferrous 
sulphate assay or Volhard’s volumetric process 
is generally used. In the latter method the 
manganese is precipitated by potassium per- 
manganate in a boiling neutral solution. ’Phe 
precix>itate, m far as numbers are c^cemed, is 
represented by the equation : 


K,Mn,0,4‘3MnS04+2H,0 

=:Kji04-|-6Mn0.+2H^04 


About one gram of the ore or ^i^eleisen 
is dissolved in hydrochloric and nitric acids* 

#2 S 
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heated with salphurio aoid, and neutralised by 
the addition of an emulsion of zinc oxide in 
sUght excess. All the iron is precipitated, and, 
after violently shaking the mixture, it is made 
up to 500 O.C., allowed to settle, and 100 c.c. of 
the clear supernatant liquid is drawn off, heated 
to boiling, and titrated. The end point is 
marked by the appearance of a pinkish tinge. 
(For the estimation of manganese in steel, aec 
p 417.) 

Mercury. The wet methods of assay are not 
satisfactory, and one of the distillation methods 
IS usually employed. When a large percentage 
of mercury is present, a combustion tube of 
18-20 inches long is used. It is sealed at one 
end and magnesite powder placed in it hrst, to 
a depth of 3 or 4 inches. Next a layer of ‘2 
inches of unslaked lime is added and then 6 or 10 
grams of ore well mixed in a mortar A%iih 10 grams 
of lime. U'ho mortar i‘i oleancd with more lime 
and the rinsings added to the tube and covered 
with clean lime to n depth of 3 or 4 inches. 
Finally, a loosely fitting plug of asbestos is 
insnrteti and the unoccupied portion of the tube 
is drau'n out almost to a point and bent over 
at right angles, care being taken that no hollow 
in the glass is formi'd which might collect some 
of tho mercury. 'I'ho tube is placed in position 
in a combu.^tion furnace and tapped until the 
mixture settles and loaves a free passage for 
gases throughout its length. The narrow open- 
ing is made to dip into a beaker of water, and 
tho tube is heated, beginning with tho asbestos 
plug and nnishmg with tho magnesite, which 
yields enough carlion dioxido to sweop out tho 
vapours of merciirv. The time required for 
heating is about 30 minutes. While the tube 
is still red hot throughout its length, its end is 
out off and ilroppod into tho beakiw. The 
mercury collects in tho water, and is dried by 
blotting'pupor and then in a desiccator and 
weighed in a porcelsin orucilile. 

When only small quantities of mercury are 
present, £schKa*8 method is used (Dingl. poly. 
J. cciv. 74), in which the mercury is condenstHi 
on a weighed piece of gold. This is in tho 
form of a basin mado of thin sheet gold, 
used as the cover of a porcelain crucible and 
iillod with water to keep it cool. The basin 
projects beyond tho run of tho crucible, and 
usually weighs about 10 grams. From 0*2 to 2*0 
grams of oro is mixed with l->4 grams of iron 
tilings, and heated in the crucible for 10 or 20 
nimiites, tho flame being kept from heating the 
uffjM^r part. This may be done by fitting the 
eruoible into a hole in a picco of shoot asb^tos. 
Tho gold basin is then dried without the agency 
of heat, and weighed, the increase of weight 
representing tho mercury. 

Molybdenum in ores is estimated by pre- 
cipitation as mercurous molybdate in a very 
slightly alkaline or neutral solution by moans of 
mercurous nitrate. The precipitate is ignited 
in a porcelain crucible, either alone or with 
lithaigc, until the mercury is expelled. The 
increase in^the weight of the eruoible is taken 
as MoOg, bui if chromium, vanadium, tungsten, 
phosphorus, or arsenic is present in the ore, the 
ignitM MoO«„inttst be purified by further treat- 
ment or separated before precipitation. Moly- 
bdenum in steel is precipitated as ammonium 
phospho- molybdate. 


Niekel and eobnli occur pother in ore% the 
former more commonly and in greater proportion 
than the latter. They are usually assayed 
together. In the fire assay, the ore is roasted 
sweet and then fused with arsonio to form a 
speise. This is heated in air on a little clay dish 
in the mufi9e, and the metals oxidised succes- 
sively, iron passing into the slag first, cobalt 
next, and then nickel, copper being loft until 
last. The changes in colour of the borax slag 
show the progress of tho assay, llie slag is 
coloured brown w'hile iron is pa8:jing into it, bine 
by cobalt, sherry-brown by nickel, and blue by 
copper. Gold is added to the speise after the 
olimmation of cobalt if copper is present. The 
speise is weighed after each metal has been 
removed. Tho sing must bo frequently ex- 
amined and renewed, and great care and ex- 
perience are needed to attain even approximate 
results. 

The method is easier to carry out if copper 
is absent, and this metal is sorneWmes removed 
by precipitation with sulphuretted hydrogen in 
an acid solution before the speise is formed. If 
cobalt is absent, a weighed amount maybe addod, 
as otherwise it is difficult to observe the point at 
w hich nickel begins to pass into the slag after the 
removal of the iron. The arsenides in the 
speise have tho formurce FojAs, CojAs, Ni^As, 
and ('u,As (llhead & Sexton’s Assaying, 187). 

In the wet methods it is usual to roast the 
ore as a preliminary in order to remove the 
arsenic, sulphur, Ac., and then to separate 
the nickel and cobalt from the iron, manp;ane8e, 
7inc, Ac., by suitable methods. The nickel is 
precipitated as hydrate and weighed as NiO. 
Cobalt is often included in tho nickel, but is 
separated if present in largo quantities. A 
volumetric method depends on tho interference 
by nickel in tho titration of cyanide w’ith a 
standard solution of silver nitrate. An alkaline 
solution containing caustic soda is used, and a 
little potassium iodide added as an indicator. 
An excess of a standard solution of potassium 
cyanide is added to a solution of nickel sulphate 
made alkaline (and precipitated) by caustic 
soda. The excess of cyanide is titrated by a 
starulard solution of silver nitrate (Beringer’s 
Assaying, 255). The ^ reactions aro represented 
by the equations : 

4KC^-fNiS04-K*NiCV4+K,S04. 

2KCy+AgN03=KAgCy,+KN0,. 

Nickel and cobalt are also sometimes esti- 
mated by electrolysis, and for this purpose must 
be separated from zinc and other metals, dis- 
solvea in nitric acid, and precipitated in an 
ammoniacal solution. 

Nickel is separated from cobalt by precipi- 
tation with dimethylgiyoxime, and may do 
estimated in that way. (See Avalyszs.) 

Nickel in steel is precipitated by bromine 
water and caustic sods, alter removal of the 
iron as basic acetate. It is weighed as NiO. 

Platinum in alluvial deposits is concentrated 
by panmng*, as in the case of auriferous sands. 
In all cases platinum can be ooiieoted in lead 
by the same methods as those described under 
the assay of gold ores. Tho lead buttons are- 
sometimes cupelled at a very high temperature, 
bat it is difficult to remove ms imole of the lead 
in this way, as the * prill * freeces on the cupel 
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when only i>»rt of the lead haa been oxidised, 
unless a weighed amount of gold or silver is 
ad<tod in older to produce an alloy of lower 
melting ooint than pure platinum. 

CupeUation may he finished in the oxygen-gas 
blowpipe flame, but the loss of platinani is then 
laige. It is more usual to dissolve the lead 
button in dilute nitric acid and to filter off the 
platinum and gold residue, which is parted by 
dissolving in o^ua rfgia, and precipitating the 
gold with oxalic acid. The platinum is estimated 
by difference or by precipitation as (NH 4 ),PtCl,. 

Platinum in alloys* or in rich alluvud con- 
centrates may be estimated by melting with 
six parts of pure IM, and grinding in a mortar 
the brittle alloy freed from slag. Portions of 
the allov are scorified with fresh lead and 
dissolved in nitric acid. 

Alloys eontaining gold, silver, and platinum 
are difficult to assay, as they are insoluble in 
aqua regia. The method adopted is first to 
cupel the alldjr to remove copper, Ac., these 
metals bein^ estimated by difference. The 
alloy is then mquarted by cupellation with twice 
its weight of silver and parted by boiling in 
sulphuric acid. The residue contains tho gold 
ana platinum. Those may be parted by again 
inquarting with silver and dissolving in nitric 
acid, provided that the amount of gdd present 
is at least ten times that of the platinum. If 
the proportion of gold present is less than this, 
part of the platinum remains undissolved, and 
it is therefore necessary to add gold in many 
cases. The parted gold is weighed and the 
platinum e8tnn.atod by difference Rapport 
des Monnaies, 1001, p. xxix. ; Rosens Precious 
Metals, 272). 

Silver. Tho ores of silver are assayed in the 
same way as those of gold of a similar kind, 
the scorification method being used far more 
frequently than in the case of gold ores. The 
slags and oupels must bo examined usually, as 
silver is more readily lost than gold. The tem- 
perature of cupellation is kept as low as possible, 
to check the loss of silver by volatilisation (see 
Lodge's Notes on Assaying, 37-111). 

Silver bullion and alloys are assayed by 
cupellation, by the Gay Lussao or the volhard 
volumetric processes, or by weighing the chloride 
(India Mint method). In cupellation, the 
* base * or oxidisable metals are removed in the 
muffle, and the silver prill is cleaned and weighed. 
The weight of silver taken is usually 10 grains. 
The amount of lead required varies from six 
times the weight of the silver for alloys of high 
standard to twelve times for silver 700 fine. 
The method is not suitable for alloys containing 
less than 70 p.c. of silver. The muffle is kepi 
at a lower temperature than that required for 
gold cupellation, but must be raised to above the 
melting-point of pure silver (902*) at the finish, 
to prevent the metal from setting in the furnace 
before all the lead has been removed. When 
the cupellation is complete, the mouth of the 
furnace is closed with great care to exclude 
draughts, and the furnace is allowed to cool 
slowfy to prevent loss of silver by spitting. The 
solidified prills are cleaned an4^ weighed. The 
loss of silver in cupellation varies from 0 to 15 
parts per 1000, and check assays on pure silver 
are placed in all parts of the furnace to measure 
this loss. Any gold that may be present is 


weighed as silver. The process is very ancient, 
and dear reference is made to it in connection 
with a trial of the I^x in the Black Book of the 
Exchequer, written m the reign of Henrv IL 
In the Gay Lussao process, the volume is 
measured of a standard solution of common 
salt or sodium bromide required for the pre- 
cipitation of a little more than a gram of silver 
in solution as nitrate. No indicator is used, and 
the end of the operation is judged from^ the 
appearance of a faint cloud of chloride in a 
solution from which almost all the silver has 
been precipitated. It is the most accurate 
method of assaying silver bullion. Tho standhrd 
solution of common salt (usually called tho 
* normal solution *) contains about 5*416 grams 
of NaCl per litre, so that 100 o.o. will precipitate 
1 gram of silver. A weight of silver bullion con- 
tiuning about 1*00.3 gram of silver is weighed 
and dissolved in nitric acid, and 100 c.o. of the 
salt solution added to it from a pipette. The 
chloride is agglomerated by a shaking in a 
stoppered bottle, and the clear supernatant 
liquid is tested by * docinormal * solutions of 
common salt and, if necessary, of silvi'r 
nitrate. The appearance of the cloud of silver 
chloride shows tne amount of silver left in so- 
lution. Further shakings are resorted to if 
required, and the final reading is taken after 
waiting for about 5 or 10 minutes. C!heok 
assays on fine silver are used with every batch 
to test the strength of the solution, which varies 
with the temperature, Ac. Mercury interferes 
with the method, and is dotoctod by the colour 
of the precipitated silver chloride, which doe^ 
not darken if mercury is present. Acetate of 
soda corrects the error if the quantity of mercury 
present is small. The Gay Lussao method can 
DO used only in cases where the approximate 
assay is already known (Percy's Silver and Gold, 
282; Riche et Forest, L* Art de I'Essayeur, 183). 

In the India Mint method, the silver alloy 
is dissolved in nitrio acid and precipitated by 
a slight excess of hydrochloric acid. The silver 
chloride is then collected by shaking in a stop- 
pered bottle, and, after being washM, is trans- 
ferred to a porous cup, dried, and weighed while 
warm. Tho chloride is washed by decantation, 
but the drying is tedious, and is expedited by 
breaking up the crust with a glass rod. Any 
gold that may be present is weighed as silver 
chloride. This is the best method for alloys con- 
taining less than 70 p.o. of silver (Trans. Inst. 
Mng. A Met. xvii. 334). ^ 

The Volhard method is largely used in this 
countrv. The nitiio acid solution of the silver 
is freed from nitrous acid by boiling, and is then 
diluted and titrated with a solution oontaining 
7*04 grams of ammonium thiocyanate per litre. 
As this salt is deliquescent, it is usual to weigh 
out about 7*3 grams per litre. Iron alum is 
used as an indicator, giving a red colour when 
aJl the silver has been precipitated. Time is 
saved and the accuracy ox the method increased 
by taking for assay an amount of alloy oontain- 
ing about 1*003 gram of silver, ancUranning in 
100 C.O. of the standard solution of thiocyanate 
from a pipette. After shaking the liquid in a 
flask, the titration is finished b 3 b adding the 
thioc^rhnate a drop or two at a time. Check 
assays on fine silver are used (Trans. Inst. Mng. 
A Met. zvi. 134). 
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Tin. Tin ore is concentrated on a vanning 
shovel with the production of ‘ black tin * in 
order to determine what yield may be expected 
when the ore is treated on the dressing floors. 
The ore is crushed and sampled, and about 
30 grams (or less with rich ores) are thoroughly 
mixed with 30 or 40 c.c. of water on the vanning 
shovel, to prevent, as far as possible, the loss of 
‘float tW The ore is then collected by a 
vigorous circular motion of the water, and the 
slimes are poured off, a process which is repeated 
until the water remains clear after being left 
to settle for a few seconds. A smaller quantity 
of ^ter is used for the subsequent operations. 
By means of a circular motion of the shovel, 
combined with a scries of jerks, the tin oxide is 
now separated from the lighter material, which 
is carried down by the descending wave. The 
tailings are sometinfes saved and washed over 
again until they yield no more tin, and are then 
crushed by rubbing with a hammer and again 
washed. The concentrates are dried and 
roasted and dressed once more after being rubbed 
down with^ a hammer. Sometimes they are 
washed quite clean from worthless material, 
and sometimes left impure with oxide of iron, 
Ac., according to the nature of the ore and the 
custom of the operator. Sometimes they are 
purified by boiling in hydrochloric acid or aqua 
regia, which, according to J. H. Collins, causes a 
loss of tin. The residue is usually reported in 
pounds of black tin to the long ton of ore. 
The losses of cassiterite in vanning vary con- 
siderably, and may be reckoned as 30 to 40 p.c. 

The black tin obtained by vanning may bo 
assayed for metallic tin by reduction with 
anthracite (Cornish method) or by fusion with 
potassium cyanide. In the Cornish method 
100 grams of tinstone are heated with 20 grams 
of anthracite in a plumbago crucible at a white 
heat for 16 or 20 minutes before pouring. The 
excess of anthracite contains beads of tin, which 
are separated by sioVing and vanning. In the 
oyanide process, 10 grams of tinstone are fused 
with 40 grams of impure cyanide (containing 
p^otassium carbonate), and poured at a red heat. 
The Gorman process consists in reducing a 
mixture of 5 grams each of tinstone and cupric 
»ide with 16 grams of l2lack flux (a mixture of 
carbon and potassium carbonate, obtained by 
lieating tartar) and 1*26 grams of borax with a 
3over of common salt The reduced metal is 
compared in weight with that of the copper 
reduced from dUpric oxide alone. The most 
trustworthy of these methods is the fusion with 
yanido. The reduced tin, however obtained, 

IS usually impure (Beringer's Assaying and KerTs 
Metallurgische Probirkunst). 

Tin is also estimated volumetrioaUy. A 
latisfaotoiy method described by Beringer 
Text-Book of Assaying, 11th ed. 285) is to 
'educe the solution of stannic chloride to stan- 
lous chloride by moans of nickel foil, and to 
itrate with a standard solution of iodine in an 
itmosphere of carbonic ^cid gas. Starch is 
ised as an Jndicator. In all wet methods, tin 
ixide must DO reduced to metallic tin before it 
lan be dissolved. Beringer prefers reduction 
>y means of^zino vapour acting on ore mixed 
ritb oxide of cino. The alloy of zinc and tin 
bus produced is dissolved in hydrochloric acid, 
o wmob oiyitalf of permanganate are added. 


In Pearce’s method (Low’s Technioal Analysis. 
261) the ore is fused with caustic soda ai^ 
charcoal powder, and thS mass dissolved in 
hydrochloric acid ; the reduction of the stannic 
to stannous chloride is then effected with 'iron 
rods. 

Titanium in ores is generally in the form of 
titanic oxide, which is insoluble in acids. Tita- 
nates, however, are somewhat soluble, so that 
on attacking ores with acid, titanium will be 
found partly m the residue and partly in the 
solution. The metals of the iron group with 
titanium are precipitated from the solution as 
basic acetates, which are fused with potassium 
bisulphate and extracted with water. The 
titanic acid is precipitated from the solution 
by means of prolonged boiling with sulphurous 
acid. The residue left by the attack on the 
original ore with acids is similarly treated, after 
the silica has been removed by heating with 
sulphuric and hydrofluoric acids ( Beringer’ s 
Assaying, 293). * 

Tungsten in wolfram, steel, &c., is estimated 
by weighing as tungstic acid WO,. The ore is 
boiled with hydrochloric acid followed by aqua 
regia, when the tungsten separates as insoluble 
yellow tungstie acid. After thorough washing, 
this is dissolved in ammonia, Altered, and re- 
covered by evaporating the solution to dryness, 
and gently igniting the residue to decompose the 
ammonium tungstate. Nearly pure tungstic 
acid remains. Any silica that may bo present 
may be removed by hydrofluoric acid. The 
tungstie acid may also be preci])itated from 
solution by neutralising with nitric acid and 
adding a solution of mercurous nitrate 
(Beringer’s Assaying, 13th ed. p. 297 d.). In 
attackmg ores with acid, some WO* is dissolved 
in the presence of fluorides, arsenic or phosphorus, 
but this is corrected by the addition of cin- 
chonine. The ores may bo attacked by fusion 
with caustic soda and sodium peroxide, or by 
digesting with soda solution instead of by 
boiling with acid (Hutchin and Tonks, J. Inst. 
Mng. and Met. 18, 1909, 426). 

Uranium. The mineral is evaporated with 
nitric acid and taken up with HCl. After 
separation of the other metals as sulphides and 
carbonates, the uranium is precipitated by 
ammonia and weighed as U,Og, or it is pre- 
cipitated by microcosmic salt in the presence 
of acetic acid and ammonium acetate. The 
precipitate consists of ammonium uranyl 
phosphate UPaNH4PO< which is washed, 

I ignited gently and weigned or converted into 
uranyl pyrophosphate (UOg)gP|07, for greater 
! accuracy (Low’s Technical Ore Analysis, 201). 
[This precipitation is also the basis of a volu- 
metno method, a boiling solution of uranium 
being titrated with a standard solution of 
phosphate, until ferropyanide no longer gives a 
brown colour. 

Vanadium in steel is estimated by titrating 
with potassium permanganate. The steel is 
dissolved in HCl and evaporaM to dnrness with 
a little nitric acid. The residue is fused with 
nitre and fusion mixture, boiled in water and 
filtered, and the filtrate evaporated with H4SO4, 
reduced by sulphur dioxide and titrated. One 
atom of iron is equivalent to one of vanadium 
in the titration (Bhead and Sexton’s Assaying, 
270). 
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ZIne. The old dry method of assay of ores 
based on the loss of veight due to the volatilisa- 
tion of zino at a wmte heat is obsolete. Certain 
alloys of zinc with tin and copper, e.^. coinage 
broibse, are assayed for zino by heating to 
1200° for two hours in carbon crucibles (J. Soo. 
Ohem. Ind. 33, 1914, 270). The loss of weight 
gives the zinc together with any cadmium or 
oxygen present. Check assays on trial plates of 
known composition are necessar^r Zinc is 
usually weighed as oxide after precipitation es 
carbonate, or it is titrated with sodium sulphide 
or potassium feyrocyanide. An amount of 
1 or 2 grams of ore is weighed out and dissolved 
in hydrochloric acid or aqua regia. The silica 
and metals other than zinc are removed as usual. 
All the precipitates will contain zinc if they are 
bulkv, and must be redissolved and reprecipi- 
tated. The alkaline filtrate may be diluted to 
200 c.o. and used for the sodium sulphide ti- 
tration, which is carried out at 50°->C0°. A flake 
or two of freshly precipitated ferric hydrate is 
used as an indicator, turning from red to black 
as soon as sodium sulphide is in excess. One c.c. 
of the standard solution of sodium sulphide 
should be equal to 0*01 gram zinc. Instead of 
ferric hydrate, sodium nitroprusside may be 
used as an indicator on a white tile. This gives 
a purple colour with sodium sulphide. 

For titration with potassium fcrrocyanide, 
the pure ammoniacal solution of zinc obtained 
as above is acidified with hydrochloric acid, 
boiled and titrated hot. The standard solution 
of ferrocyanide is made up by dissolving 41*25 
grams of the pure salt in a litre of water. The 
test solution consists of 0*5 ^am of uranium 
acetate dissolved in 20 c.c. or water, A drop 
of this solution gives a brown colour on a white 
tile with a drop of the zino solution as soon as 
the ferrocyanicle is in excess. It is advisable 
to confirm the end reaction bv adding 5 c.c. of 
a standard solution of zino in hydroemorio acid, 
containing 10 grams of zinc per litre, and again 
titrating (Chem. News, Ixxvi. 6). 

The assay of zinc-dust for metallic zino is 
made by acting on the sample with dilute sul- 
huric acid, and collecting and measuring the 
ydrogen which is evolved. 

Commercial metallic zinc contains lead, 
cadmium, and iron, and may also contain 
arsenic, copper, antimony, tin, Ac. By dis- 
solving in dilute sulphuric acid, the lead and the 
greater part of the copper, tin, cadmium, Ac., 
are left undissolved. The residge is attacked 
with nitric acid, and the metals separated as 
usual. Iron in zino is titrated in the sulphuric 
acid solution without being separated. Arsenic 
and antimony are passed with the hydrogen 
evolved by sulphuric acid into a solution of 
silver nitrate (Campredon. Guide Pratique, 760 ; 
Eliot and Storcr, Amev. Acad. Arts A Sciences, 
viii. 57). 

Coal. The assay of coal usually comprises 
the determination of moisture, total ash, sulphur, 
coking properties, and calorific power. The 
coal is broken down and sampled as in the case 
of ores (see p. 408), and the sample is passed 
through an SO-mesh sieve. 

The moisture is determined by drying 1 
^m in a water-oven for 30 minutes and weigh- 
mg. The coal is then again warmed for 16 
mmutes and reweighed, and the process is con- 


tinued until the weight is constant or begins to 
increase. • 

For sulphur, 2 grams of coal are mixed 
with 3 grams of a mixture of two parts of 
calcined magnesia and one part of potassium car- 
bonate, and heated to dull redness for an hour 
in a porcelain or platinum crucible, with occa- 
sional stirring. After coolii^, the charge is 
transferred to a beaker and digested with water 
and 1 0 . 0 . of bromine. It is then acidulated 
with hydrochloric acid, the bromine boiled off, 
and the sulphur, now in the form of sulphate, 
precipitated by barium chloride. The sulphur 
may also be oxidised by heating the coal* with 
a mixture of nitre and common salt. Phos- 
phorus in coal, if determined at all, is estimated 
in the ash, which may require complete analysis. 

The coking qualities of coal are examined by 
heating 50 grams of coarsely crushed coal in a 
‘ large copjior * crucible covered with a closely 
fitting lid. The evolution of gases is completed 
after 16 or 20 minutes at a full red heat. After 
cooling, the coke is turned out and weighed, the 
loss of weight giving the amount of volatile 
matter. 

The caldrifio power of coal is determined by 
igniting 2 grams of the finely powdered sample 
with 20 CTams of a mixture of six parts of po- 
tassium chlorate and one part of nitre. The coal 
and deflagrating mixture are ground together 
in a mortar and ignited in a Thompson calori- 
meter. The error due to loss of heat by escaping 
gases, Ac., is always taken as one-tenth of the 
total evolved. The calorific power reported is 
the weight of water that coula be evaporated at 
100* and 760 mm. pressure by a unit weight of 
the fuel (v. Fuel). 

Cyanide solutions. In gold mills, these 
solutions are in wide use, and require frequent 
analysis. Free cyanide is estimated by moans 
of a solution of silver nitrate prepared by dis- 
solving 13*04 grams of crystallisea AgNO^ in a 
litre of water. One c.c. of this solution is 
equivalent to 0*0 1 gram of KCy, the end of the 
titration being denoted by the solution becoming 
milky from the precipitation of AgCy. The 
reaction is represented by the equation : 

AgNO,+2KCy=KAgCy,+KNO,. 

The amount of oyanidp solution taken for 
assay may be from 10 c.o. to 100 c.c., according 
to its strength. Alkalis and other compounds 
which may bo present dissolve silver cyanide, 
and accordingly it is usual to add potassium 
iodide as an indicator. Turbid cyanide solution 
must be filtered before titration. If soluble 
sulphides are present, th^ prevent the assay 
from being carried out. They are removed by 
agitating the solution with freshly precipitated 
lead carbonate. If zino is present in the 
solution, part of the cyanide contained in the 
double cyanide K 2 ZnCv 4 is estimated as free KCy. 

The * total alkali ’ in a cyanide solution is 
estimated (J. E. Clennoll, Chemistry of Cyanide 
Solutions, 62) by titration with a standard 
solution of sulphuric acid, using n^thyl orange 
as an indicator. * Protective alSali * {op. cit. 
63) is determined by adding a slight excess 
of silver nitrate together with a littie phenol- 
phthalexn solution, and titrating with sulphurio 
acid until the pink colour disappears. The 
* reducing power ^ of cyanide solutions is deter- 
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mined by acidifioaiiotL and subeequent titration 
with potaMium permanganate, uiftil the pink 
tint b^mes permanent, or by adding an exceaa 
of permanganate followed b^ an exceia of 
pot^ium iodide and estimating the amount 
of iodine liberated (op. ciL 71). 

Gold and .silver in cyanide solutions are 
determined by evaporation on lead foil, which 
is afterwards cupelled, or by evaporation with 
litharge, which is fused for lead. A more rapid 
method is to precipitate the gold and silver with 
zinc-dust and sulphuric acid, filter, and scorify 
or fuse the residue. The latter method is espe- 
cially suitable for treating large samples of 
poor solutions containing very Tittle gold and 
silver. In all those mothoils, a button of lead is 
obtaino<l which is cupelled and the gold and 
silver parted as usual. 

Silica. The silica in ores is partly free and 
partly oorobinerl. The white sandy residue loft 
after careful extraction with acids is sometimes 
nearly pure silica, and is often reported as 
* silica and silicates insoluble in acids.^ It may 
be tested with sulphuric and hydrofluoric acids. 
The usual method with ores, slags, Ac., is to 
fuse 1 gram with 5 grams of fusion mixture 
and a little nitre in a platinum crucible or dish. 
It is extracted with warm water and a little 
hydrochloric acid and evaporated to dr 3 m 6 ss on a 
wator-bath. The bases are dissolved out with 
hydrochloric acid, and the silica Altered off. 
The filtrate is again taken to dryness and dis- 
solved in hydrochloric aci<l to separate the 
remainder of the silica. If the ore contains a 
larjjo percentage of Sulphides, oxides, Ac., 
which i.re soluble in acids, these are removed 
before the fusion. In this case the acid solution 
may contain silica, which is removed by evapo- 
rating to dryness, taking up with hydrochloric 
acid and Altering. The purity of the silica is 
tested by evaporating two or three times with 
water, sulphuric acid and hydrofluoric acid. The 
silica is volatilised (J. Amer. Chem. Soo. xxiv. 
1002, 302). 

Sulphur. A rapid method of determining 
the sulphur in ores given by Furman (Manuiu 
of Practical Assaying, 5th ed. 91) is to fuse 
5 grams of the ore with 15 grams of borax, 3 
pams of charcoal, and .one or two nails in a 
not Are. The time required for fusion is about 
15 minutes. The nails are then withdra^vn and 
the charge pourofl. As soon as the slag is cool, 
the matte is detached from it with a hammer 
and w'oighod. If the matte were pure FoS, it 
would contain 3(r3 p.c. of sulphur. By analysis, 
Furman Ands that the nearest approximation is 
to take the sulphur as 30 p.o. of the matte. The 
method, thougn inaccurate, is sometimes useful, 
as it can bo completed in less than half an hour. 

The more accurate methods consist in 
oxidising the sulphur by aq\M regia Or nitric 
acid ana potassium chlorate, or by fusion with 
a mixture of nitre and sodium carbonate, and 
weighing it as barium sulphate. A good method 
for ores and slags consists in fusion W'ith 
oaustio a]ka|*. extracting with water, and oxidis- 
ing with bromine. After separation of the silica, 
the sulphur is precipitated by barium chloride 
(Cbem. Mews, l. 1884, 194). If load is present, 
the solution is boiled with ammonium car- 
bonate. T. K. R 

ASTATKI. A Russian term, signifying 


* dre^,* applied to the residue left in the dis- 
tillation of Baku petroleum after the volatilisa- 
tion of the kerosene, and now largely used as 
fuel in the Caspian region (v. Pitbolxum). 

A8TERIA {Star Sapphire) v. CoBUNDufl. 

ASTERIN V . A XTROC VANINS. 

ASTEROL. A combination of the mercury 
salt of p-phenol-sulphonic acid (hydragyrol) and 
ammonium tartrate 

C„H»oOgS,Hg,4r(‘4ir40e(NH^),l,8H,0, 
used as an antiseptic m surgery. 

ASTRALINE. Russian petroleum oil, used 
for burning {v. Pxtbolxttm). 

ASTRALITE. A glass resembling aven- 
turine, but containing crystals of a cupreous 
compound which by ueAected light exhibit a 
dichroic iridescence of dark red and greenish- 
blue. Made by fusing and allowing to cool 
slowly a mixture of .80 pts. silica, 120 lead oxide, 
72 sodium carbonate, 18 borax, with either 
24 pts. scale oxide of copper, and 1 pt. scale 
oxide of iron, or with 5 pts. lime, 26 copper 
oxide, and 2 iron oxide. 

ASTROLIN. Trade name for antipyrine- 
methyl-ethyl glycollate CjHioOj.Cn H,.ON,. 
m.p. 64°-6r>*.5®. A colourless powder, with a 
slight smell and pleasant taste, readily soluble 
in water and alcohol. 

ASUROL. Sodium-mercuri-amido-oxyiM- 
[ butyrosalicylate. 

ASYPHIL. Trade name for a mercury salt 
of p-aminophenylarsimc acid 

(NH4C4H4A80(0H)0),Hg 
(w. Arsenioala, Ohoanic). 

ATACAMlTfi. Hydrated oxychloride of 
copper CuCl,-3Cu(OH)j, occurring in the 
Atacama region of (’hil€\ sometimcH m suflicient 
amounts for use as a copper ore ((hi r)9*4 p.o.). 
l.Arge quantities have also been mined at 
i Wallaroo in South Australia. Orthorhombic 
crysUls of a bnght-green colour and with 
brilliant faces are not uncommon. Sp.gr. 3*76. 
Before the days of blotting-paper, ft was used, 
under the name of arsenillo, as a writing saml 
for absorbing ink (v. Chopper). L. J. S. 

ATELESlTE. A bismuth arsenate con- 
taining iron phosphate found at Schneeberg in 
Saxony ; Bi^O,, 67*15 ; Fe^PjO., 12*50 ; As.O., 
30-36 (Frenkel, J. M. 1873, 785). 

ATHAR or ATTAR, Indian name for 
volatile oil of roses (i». Oils, Kssential). 

ATISINE, V . Aconitine 

ATLAS DYNAMITE V. Explosives. 

' ATLAS POWDER t;. Explosives. 

ATLAS SCARLET v. Azo- coloubino 

MATTERS. 

ATMOSPHERE. The gaseous envelope sur- 
rounding any liquid or solid bodv ; more parti- 
cularly the gaseous envelope which surrounds 
the earth, and which is commonly known as air. 
The thickness of this aerial envelope is not 
known even approximat-ely, but it is quite certain 
that it exce^ 46 miles measured from the 
earth’s surface, which was theJimit assigned to 
it by Wollaston. Socohi calculated tMt air 
exists even at a height of 300 kilometres above 
the earth’s surface. FroM the ratio of decrease 
of density with elevation, the atmosphere at 
a height of 60 miles cannot exert any measurable 
ressure. The mass of the atmosphere forms, 
ke the earth itself, an ohUte spheroid, the polar 
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Axis of which is mnch shorter than the equatorial 
azi 2 «» the ratio of th^two axes being, according 
to Laplace, as 2 to 3. 

The pressure of the atmosphere at any par- 
ticufir spot may be mciasured in terms of the 
height of a column of mercury which it is capable 
of sustaining. It follows from the law of 
Bovlo that the density of the air rapidly dimi- 
nishes with the height. For air of constant 
temperature, it-s density, or, what comes to the 
same thing, the height of the mercurial column, 
should diminish in geometric progression, whilst 
the distance from the earth increases in arith- 
metic progression. The pressure, even at the 
same place, is continually varying from a 
variety of causes, and hence the height of the 
barometer, as the mercurial column was first 
termed by Boyle, is practically never absolutely 
constant. The average height at any one spot 
at the sea-level is mainly dopendout upon the 
great movements of air which result from the 
effect of the earth's motion upon the gaseous 
envelope, combined with variations in the 
density of the aerial mass duo to solar action. 

According to Regnauit, 1 litre of dry air, free 
from carbonic acid and ammonia, moasur^ at 
O*' and 0-76 mm. pressure, at Paris (lat. 48* 50') 
and at a height of 60 metres above the sea-level, 
w’oighs 1*293187 grams. Lasch found that 1 litre 
of pure air at standard tcmperat'iro ami pressure 
weighs at Berlin (lat. OU* 36') 1 •293635 
grains. 

(luye found 1 *2930 grams at Geneva, and 
concluded that it may vary, on the same day, 
from place to place to the extent of several 
tenths of a milligram (Guye, Kovaes and 
Wourtzel, Compt. rend. 1912, 164, 1584). The 
mean of the most recent determinations gives 
the value I *2928 grams as the weight of a normal 
litre of air. Guye considers that the most 
probable explanation of the variations in density 
observed from time to time is based on the 
presence in the air of varying quantities of dust, 
invisible under the ultramicroscope. 

The Bureau Intemat. dos Poids et Mesures 
adopts for the weight of 1 litre of drv air, con- 
taining 0*04 p.c. carbonic acid, at the normal 
temperature, and under the normal barometric 
pressure at lat. 46* and sea- level, 


p — ^ ^ 
i + o 


1293052 


1 

760* 


on the assumption that 0*00367 is the expansion 
coefficient of air at constant pressure for. a 
normal degree. According to Leduo the mean 
composition of air at Paris, purified from 
aqueous vapour and gases absorbable by alkali, 
is as follows : 


Oxvgen Nitrogen Argon 

By volume 0 2100 0*7806 0*0004 

By weight 0*2321 0*7540 0*0130 


Neon 

isxio-* 

8*4x10-^ 


By volume 
By weight 


Helium Hydrogen Krypton Kenon 
0*6 xKr* lx 10^ SOX 10 ♦ 6xl0-» 
0*7xl0-« 0*07x10-^ 140X10-* S0X10-* 


For such air at- 0* and a pressure of 76 cm. of 
rikercuiy at Paris the mass of 1 litr^ is found to 
be 1*2932 grro. Under normal pressure (70 
om. of mercury at 0* ; gr=:980 665) the weight 
is 1*2928. In other terms, taking the sp.gr. of 
mercury as 13*5951 and the value of g at the 
4th story of the Sorbonne as 980*97, the mass 
of a litre of air under the pressure of a megabar 


is 1*2759 grm. For purposes of ordinary 
chemical cMoulation it may be assumed with 
sufficient accuracy that 1 gram of air measures 
at standard temperature and pressure 773 c.o. 

The total weight of the atmosphere is about 
11 trillions of pounds, or about 6 trillion kilo- 
grams and the relative amounts of the ohiof 
constiiuonU may bo assumed to bo — 

TrilllonA kgm. 

Nitrogen (argon, Ac.) • 4*04I21K» 
Oxygen .... 1*218040 

Carbonic acid • . 0*003166 


6*262396 

Horsehcl calculated that, allowing for the 
space occupied by the land above the sea, the 
mass of the atmosphere is about xaiiW P^rt of 
that of the earth. 

The unit of pressure adopted by engineers 
and others, and styled an almospherCf is an 
amount equal to the average pressure of the 
atmosphere at the sea's level. In British 
measure an atmosphere is the pressure equivalent 
to 29|905 inches of mercury at 32° F. at Ixindon, 
and is about 14*73 lbs. on the sq. inch. In 
the metric system ib is the pressure of 760 mm. 
(29*022 inches) at 0° C. at Pans, and is equal to 
1*033 kilos on a sq. centimetre. Hence the 
English ‘ atmosphere ’ is 0*90068 that of the 
metric system. 

The specific heat of air at constant pressure 
is 0 230 (Horcus and Laby). Its coefficient 
of thermal expansion between —30* and 200* is 
0*003666 for 1°. Its thermal conductivity is, 
5*22x10—* cal./cin. sec. deg. (Herciis andl.»aby,’ 
Proc. Roy. Soo. 1018, A, 206). Its viscosity 
(NoXlO*)--l*733. 

s By the application of sufficient cold and 
pressure, air may be liquefied. 

Comparatively little of the sun’s heat is 
absorbed in its direct passage through the air. 
According to Tyndall, a column of air 1 metro 
long absorbs 0*088 p.c. of the heat which passes 
through it. According to Violle, and also lecher 
and Perntcr, the amount is not greater than 
0*0070 p.c. This absorption is mainly due to 
I aqueous vapour, and, in a lower degree, to car- 
bonic acid and suspended organic matter. The 
air mainly gets its heat by conduction from the 
I earth, and hence, as a rule, it is hottest near the 
ground. The law of the decrement in tempera- 
ture corresponding to height is not accurately 
known ; it is usually stated to be about 0*6<i* 
per 100 metres, but the rate is liable to ^ery 
great variations. 

Air is not perfectly transparent. I ts particles 
reflect and scatter light in sufficient quantity to 
obscure the light from the stars. The blue colour 
of the sky is due to the fact that the most re- 
frangible rays are most widely scattered (cjT 
Rayleigh, Phil. Mag. 1899, 47, 375). Strutt has 
devised a method of showing the scattering of 
light by dust-free air and of artificially repro- 
ducing the blue colour of the sW (Proc. Roy. Hoc. 
1918, 94 A, 463; see also dabannes, Compt. 
rend. 1916, 160, 62). In the higher regions of the 
atmosphere, where the amount of re£»cted light 
becomes less and less, owing to the decreased 
denMty of the air, the sky appears to grow 
gradually darker. Brewster first proved that 
the blue light from the sky, as well as the white 
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light from the clouds, was duo to reflected light, 
by the fact that it was polarised. 

Runpended matter, dust, smoke, aqueous 
yapour in a state of partial precipitation, &c.« 
greatly diminish the transparency of air. Wild 
gives the following numbers as representing the 
transparency ^oeflicient of 1 metre of air : — 
Dry air (free from dust) , . . 0*90718 

Air of a room (dry, but containing 

dust) 0*90.‘>20 

Air free from dust, but saturated with 
aqueous vapour • « • « 0 0092H 

'riie n'frartivn indines of drv air at standard 
l<rn|niitun hud pn .“nn for the Fraunhofer 
Jini A, li, (', 1>, I'], l'\ a, li, uro, according to 
Keillor (Fogg- Ann. 124-401), as follows : — 
fiA « 1 00029280 nK= 1 *00029584 
nB«l 00029345 nF*^ 1 00029685 
nC« 1 00029383 nd =« 1 00029873 
nD « J 00029470 nH =» 1 *00030026 

'Pile emission spoctrum of air has been mapped 
by Huggins (Fhil. Trans. 164, 130) and Ang- 
Htrom U*ogg. Ann. 94, 141), and the spectriini 
of lighliung by Kundf (Fogg. Ann 135, 3I.'>), 
who ha*< Hliown fli.il foibcd lightning gives a 
line •jfi'itnim, wlirroas shoft lightning gives a 
band .^[i( I (iiirn. The absorption 8(Hu!trum of 
air wii'i iii^l mapped by Brewster and Gladstone, 
and has been further oxainiried by Janssen, 
Cornu, and Chappuia (Compt. rend. 91, 988). 

Air, owing to the oxygon it contains, is a 
mi'rirtii' substanoo. The diurnal variation in 
ni.i^iDlii- declination has been alleged to lie 
duo to tho varying ma^etio potent i.d of the 
oxygon owing to alterations in tem|K i.dute 
Air is a mixture of nitrogen, oxygen, u<{ueoiis 
vapour, argon, carbon dioxide, with minute 
quantities of ozone, hydrogen peroxide, am> 
iTioiiiii, nitrous and nitrio acids, hydrocarbons, 
helium, neon, krypton, xenon, hydrogen, Ac. 
That tho air is not a chemical compound 
of its component gases is proved by tho facts i 
(1) that these gases are not present in any 
constant ratio ; (2) that air can be made by 
simply mixing its constituents in the proportion 
indicated by the analysis of air, without con- 
traction or any thermal disturbance resulting; 
(3) that on treating air with water and oxpcdling 
tho dissolved air by boiling, tho proportion of 
tho oxygon to tho nitrogen is found to be in- 
croAsctl, and in a mount oorresponding with 
the law of partial pressures; (4) that tho 
constitnonts of the air can bo mechanically 
so|H' rated by processes of diffusion ; and (5) that 
tho refractive power of tho air is equal to the 
moan of tho refractive powers of its constituents, 
whcri'as in compound gases tho refractive power 
is citlu r 'iiMt* I i.r loss than the refractive power 
of ihi' cl< iiu'iit.s III a state of mixture. 

I’lio amount of oxygen in air may be ascer- 
tamed !)v measuring the diminution in volume 
whioh a known bulk experiences when in contact 
willi 111' t in- (’ ( Ilf .iliNoibiag or 

inmbiiuii ; with Anuaiif tlio sub- 

btaiiccs which may bo coiivenicutly used for this 
purpose are :t 

1. Phwphorus. A fragment of phosphonis 
on tho end of a platinum or ci ppti wir. is 
exposed to a measured volume of .iir i»t uidmg 
over wati'i* “»* •• •' iirv until nn tintluT 
of volin > vl I, Ik ilholh't ) l.uwlom.iun 


(Zeitsch anal riicm 1879, 18, 158) employs thm 
sticks oi phiybphorus for the same purpose in 
the Orsat apparatus (v. Gas analysis). At 
a temperature below 7* tho oxidation of the 
phosphorus ceases. Watson (Chem. Soo. Trans. 
1911, 99, 1460) has described an accurate 
method of ascertaining the amount of oxygen m 
air by the use of yellow phosphorus. A modifi- 
cation of the apparatus for estimating the oxygen 
content of air from the upper atmosphere has 
been suggested by Aston (Chem. Soc. Trans. 
1019, 172). 

2 PyrogaUol in Alkaline eohUion. ChevreuI, 
in 1820, first suggested the use of this reagent. 
The absorption is apt to be accompanied by the 
formation of notable quantities of carbon 
monoxide if the amount of oxygen is largo or 
the alkaline solution very concentrated. Accord- 
ing to Hempel (Ber. 20, 1866), tho best pro- 
portions are 5 grams pyrogallol dissolved in 1 5 c.c. 
wntor mixed with 120 grams caustic potash dis- 
‘i'»lv»d in 80 cm. of water. Practically no 
< ith'ui monoxide is formed with this solution, 
'i'ho absorption is very rapid (Hempel, Ber. 18» 
2fi7 and 1800). Guys and Germann have 
di'scribed a volumeter by which it is possible 
to analyse accurately very small quantities of 
air (0*25 o.o.) (Compt. rena. 1914, 169, 164). 

3. Metallic Copper. A spiral of copper wire 
is heated to redness in dry air free from carbonic 
acid and of known pressure until the whole 
of the oxygen has combined with tho metal 
to form ouprio oxide. Tho pressure of the 
residual gas is then determined, wherebv the 
amount of nitrogen is ascertained, and hence 
the amount of oxygen. An apparatus on this 
principle was suggestodiiy Jolly (W. N. S. 6538) ; 
it is scon in Fig. 1. 

The glass vessel A, of about 100 o.o. capacity, 
is exhausted by the mercurial pump, and is 
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rcplonif'ln d with the air under investigation. 
, fills IS ihtn cooled to U suriounding A 
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itith tke metaUio cylinder B, which ia filled 
with melting ice. The tension of the confined 
air is measured by the height of mercury in 
glass tubes g and d, which are connected to- 
gether by caoutchouc tubing. The tube is 
movable in the clamp /, the position of d being 
fixed nith reference to a. By turning the three- 
way stop-cock b, A and d may be alone brought 
into connection, or both may be made to connect 
with the outer atmosphere. The cock is now 
so turned that a and a are alone in connection ; 
the tube g is now raised until the level of the 
mercury in d just touches the point m, when 
the tension of the air is read off on the grA<luated | 
scale behind g. The copper spiral in a is next - 
heated to redness by an electric current, whereby 
the heated metal rapidly combines with the 
oxygen. The cylinder b is once more placed 
round A, the residual nitrogen cooled down to 0^ 
by means of melting ice, and its tension measured 
by adjusting the level of the mercury to m, and I 
rea<ling off the height of the mercury in g. 
If, for example, the pressure before abstracting 
the oxygon was 702-56 mm., and after the ab- 
straction was 555-70 mm., then 1 volume of the 
air would bo reduced to 12=0-79096 voL. 

70i£*OO 

or, expressed centosimally, the composition of 
the air would be: 

Nitrogen (argon, Ac.) , . 79096 

Oxygen . . . , 20-904 

. lOOOOO 

Krcuslor has shown that unless the air be care- 
fully dried before being heated with the copper 
spiral, the proportion of oxygen will be apparently 
too low. 

Dumas and Bouasiiigault (Ann. Chira. Phys. 
[3] 3257), as far back ns 1841, made use of the 
fact that heated metallic copper combines with 
oxygen, in order to determine the graviinoiric 
composition of air. Air deprived of moisture 
and carbonic acid w-as passed through n w-eigheil 
tube containing metallic copper heated to red- 
ness, whereby all the oxygon was ab.sorbed, the 
nitrogen being collected in a vacuous glass globe 
also previously weighed. At the conclusion 
of the experiment the tube containing the 
metallic copper was again weighed ; the increase 
in its weight gave the amount of absorbed 
oxygon, together with the weight of the nitrogen 
which it also contained. The nitrogen was then 
removed by the air pump and the tube again 
weighed ; the difference betw-een the first and I 
third weighings of the tube containing the copper 
gave the weight of absorbed oxygen, and the ! 
>%;eight of nitrogen woa obtained by adding the I 
difference between the second and third weighings 
of the tube to the increase in the weight of the 
gla.Hs globe. As the mean of a large number 
of experiments made by this method, the I 
precentage composition by weight of air free I 
from water and carbonic acid was found to be | 

Oxygen ... . 23*00 

Nitrogen (with argon, Ac.) . 77-00 

100-00 

Leduo has shown that this proportion of 
oxygen is too low, as an average ; the amount 
ia a&)ut 23*2 p.c. by weight as calculated from 
the known density of air and of its constituent 


gases (Compt. rend. 1896, 12, 1805; 1898, 126, 
413). 

4. Explosion with hydrogsn. A measured 
volume of air is mixed with a known volume of 
hydrogen in excess, and the mixture is oxjfioded 
by the electric spark, when the oxygen combines 
I with the hydrogen in the proportion of 1 vol. 

' of the former to 2 of the latter to form water. 
Ono-thinl of the oontraotion resulting from the 
explosion represents, therefore, the amount of 
oxygen in the air under examination. This 
method, first suggested by Volta, was perfeoted 
by Bunsen. M^ifioations of the method have 
been made by Rcgnault and Reisot, Williamson 
and Russell, Frankland and W^anl, and others. 
These methods are extremely accurate, and 
have afforded us all the exact knowledge we 
have respecting the variations in the amount erf 
oxygen in atmospheric air. Thus Bunsen, in a 
series of analyses made in the winter of 1846, 
found that the percentage amount varied from 
20 07 to 20*84. Regnault mode a large number 
of analyses of air oousoted from all parts of the 
world. In 100 analyses of air collected in Paris 
the minimum amount of oxygen was 20*913, the 
maximum 20 *090. Air collected in various part* 
of Kurope, from above the Atlantic Ocean, from 
the summits of the Andes and from ths South 
Polar Sea, contained an amount of oxygen vary- 
ing from 20*86 to 21 p.o. Many hundreds of 
analyses were made by Angus Smith, of air 
collected in various towns in England and 
Scotland, and also of air collected in the country. 
The oxygen in l.«ndon air varied from 20*857 to 
20*95, less oxygen as a rule being found in the ' 
air of streets than in that of the parks and open 
j spaces. A series of 30 analyses of CBai^ow air 
' showed variations from 20*887 in the closer 
' parte to 20*929 in the more open spaces. Even 
• wider extremes were found by J^ieds in the air 
of New York, viz. from 20*821 to 21*029 p.c. 
According to E. W. Morley, the diminished 
proportion of oxygen may be caused by the 
down-rush of air from the higher regions of the 
atmosphere, which probably contain a less 
relative amount of oxygen. Regnault^s experi- 
ments afford some evidence for the belief that 
the air of the tropics contains slightly less 
oxygen than that in northern latitudes (r. also 
Jolly, W. N. F. 61, 520). A similar conclusion 
has been drawn by Hempel (Bcr. 20, 1864) from 
the analysis of a large number of analyses of 
air collected simultaneously at Tromso, Dresden, 
and Para. The mean results were : 

TromsS .... 20^92*** 

Dresden .... 20*90 

Para 20*80 

From the results of 203 analyses of air col- 
lected at five different spots and analysed by 
three inde^ndent methods, it follows that the 
most probable mean percentage amount of 
oxygen 18 20*95. Numerous determinations 
by Pettersson and liogland of the air of Htock- 
holm during October, November, a^d December, 
1889, gave O=.20*94 (Ber. 22, 33ri ; Hempel, 
Ber. 20, 1864; Kreusler, Ber. 20, 991). kfoie 
recent work by Durius and Zuntz, Watson 
(Chem. Soc. Trans. 1911, 99, 1460), and Benedict 
(Carnegie Inst. Report, 160), indicates that such 
small variations as occur are not traceable to 
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meidorologicat conditionB. The mean per- 
centage o! oxygen (20*962) found by Benedict 
from 1909 to 1912 corresponds closely with 
-that found by Morlcy (20*966) in 1881. 

Air from varions parts of France, the Alps, 
and Algiers, taken both in spring and winter, 
was found by Leduo to show on an average 
23*20->23'21 p,c. of oxygen by weight, the 
extreme values being 23*06 and 23*26 p.c. The 
percentage is slightly lower in the north and at 
sea-level than che whore, and is less in London 
than in Paris. Samples ot the upper air are 
less rich in oxygen than air at tho level of the 
earth, although the differences are much less 
than are indicated by the law of Laplace. 

Ozone IS always present in minute quantity 
in normal air. Air over marshes contains little 
or no ozone. No ozone can be detecte<l in the 
air of large towns or in inhabited houses. 
Atmospheric ozone is probably formed by tho 
action of electricity on air. Most of the infoma- 
tion we at present possess concerning the distri- 
bution of atmospheric ozone has been obtained 
by the use of so-called ozone papers. Of these 
the best known is Schonbein’s, which is based 
on the fact that ozone liberates iodine from 
utaasium iodide, and thereby renders starch 
lue. To prepare them, unsized paper is 
immersed in a solution of 16 parts starch and 
1 part potassium iodide in 200 parts of water 
and dried in tho dark. To make a determina- 
tion of ozone tho paper is freely exposed to the 
air for some hours and moistened with water, 
and the depth of tint produced* compared with a 
standard scale of colour. The method has no 
pretensions to sciontifio accuracy. Kouzeau 
(Ann. Chim. Phys. 4, 27, 6) determines the 
relative amount of ozone by exposing red litmus 
paiior previously dipped in 1 p.c. sol. of potassium 
iodide and dried, to tho action of the air. Tho 
ozone liberates iodine and the free alkali turns 
the paper blue. "J'hallium salts are turned brown 
by the action of ozone, and hence papers soaked 
in solution of those salts have been used for the 
recognition of ozone. Paper soaked in a very 
dilute solution of neutral gold chloride is turned 
a deep violet colour by ozone (Bottger, Chim. 
Zentr. 1880, 719*). 

Attempts have been made to estimate ozone 
by aspirating large volumes of air through 
dilute solutions of hydriodio acid and determin- 
ing the amount of the liberated iodine by iodo- 
metrio ann lysis. Also by loading the air through 
a mixed solution of potassium arsenito and 
pdtassium iodide, whereby the liberated iodine 
converts the arsenite to arsenate. The liouid 
through which the air had passed was then 
mixed with a few drops of ammonium carbonate 
solution and starch paste, and a standard solu- 
tion of iodine (1 : 1000) added until tho blue 
colour was permanent. A precisely similar 
experiment was made on equal amounts of 
distilled water, iodine, arsemte, Ao., used, and 
from the difference in the amount of iodine 
solution needed the amount of oxidised arsenite 
and hence quantity of ozone was determined. 

According to David (Compt. rend. 1917, 
164, 430) the ozone in air may be estimated by 
adding 6 o.o. of ^/100-ferrons ammonium sul- 
hate acidified with sulphuric acid to a vessel of 
litre capacity, and then titrating back with 
AT/IOOO potassium permanganate. 


Pring (Proc. Boy. Soo. 1914, A 90, 264), by 
observations on the action of ozone on aqueous 
solutions of potassium iodide, with the forma- 
tion of hypoiodite and free iodine, ffnds that the 
average amount of ozone in the atmosphere is 
2*6 vols. per million of air, and that this amount 
varies very little with the altitude b»ltween 
6* and 20 kilometres. In the Alps a mean value 
of 2*5 vols. was observed at 2100 metres, and 4*7 
vols. at 3680 metres. Pring r^ards ozone as a 
contributing factor in determining the blue 
colour of the sky. The use of potassium iodide 
as an agent for tho estimation of atmospheric 
ozone is deprecated by Usher and Rao (Chem. 
Soo. Trans. 1917, 111, 799), who have devised 
a method in which the air to be examined is 
shaken with a dilute standard solution of sodium 
nitrite made slightly alkaline; and the un- 
changed nitrite content subsequently deter- 
mined colorimetrically by the production of 
the red dye with a-naphthylamine and sul- 
phanilio acid (Griess-Ilosvay method). For 
particulars the original description must be 
consulted. 

* It appears that the amount of ozone varies 
with the seasons : it is greatest in winter, be- 
comes gradually less during spring and autumn, 
and is least in summer. 0*/one is more fre- 
quently observed on rainy days than in fine 
weather; thunderstorms, gales, and hurricanes 
are frequently accompanied by relatively strong 
manifestations of it (c/. Thierry, CJomiit. rend. 
1897, 124, 460). 

According to Holmes (Amer. Chem. J. 1012, 
47, 407) the maximum amount of ozone in the 
air is only found when * high ’ barometric areas 
are so near that the air from great heights flows 
rapidly down to the earth. Most of the ozone 
is produced by the action of the sun^s ultra- 
violet rays on the upper air (c/. Strutt, Proc. 
Roy. Soo. 1017, 04, 260). According to Moore 
(Proc. Roy. Soc. 1918, B, 00, 158), the ‘ ozone ' 
odour in air is probably due to oxides of nitrogen 
formed by tho action of sunlight rich in ultra- 
violet light in the upper layers of the atmosphere 
on air and water-vapour. 

It is highly probable that many so-callcd 
ozone manifestations are due to the existence of 
kt/drogen peroxide in the air, which was first 
demonstrated by Meissner in 1863. Schone 
found from observations made at Moscoup, that 
it was invariably present in rain, dew, and snow, 
and was less in winter than in summer; and 
more in southerly winds than in those from the 
north. The amounts in all cases were, however, 
very minute, the maximum being 1*4 o.c., and 
the mean 0*38 o.o. hydrogen peroxide vapour 
in 1(X)0 c.o. air. 

The quantity of aqueous vapour in the air 
varies with tho temperature : thus 1 cm. of air 
when saturated with water contains : 

At - 10® 2*284 grams At -f20® 17*167 grams 
0® 4*871 o 26® 22*843 „ 

+ 6® 6*706 „ 30® 30*096 ., 

10® 9*362 „ 36® 39*262 „ 

16® 12*746 „ 

The most accurate method of determin^ 
the amount of aqueous vapour in the air consists 
in aspirating a given volume of the air through 
weighed tubes mled with some hynosoopic sub- 
stance, such as phosphoric oxi& or pumice 
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soaked in oil of Titiiol and reweighing the tubes, 
when the increase of weight gives the quantity of 
moisture present. 

Usually, however, the humidity of the air is 
estimated by means of hy^meters, the best- 
known form of which is ^e psychrometer or 
wet-and-diy-bulb thermometer of August. The 
absolnU humidity of the air b the weight of 
aqueous vapour contained in 1 c.m. The relative 
humidity denotes the relation between the 
wocht actually present and that which could 
be theoretically present if the air were saturated ; 
it is usually expressed in per cent, of the maxi* 
mum humidity. The air is seldom absolutely 
saturated with aqueous vapour, although in our 
moist climate saturation is occasionally veryi 
nearly attained. With us the most humid { 
month is December, and the driest is July. 

The presence of carbonic acid in the atmo* | 
sphere was first indicated by Black in 1752. 
The quantity in normal air is about 0*03 p.c. ; 
in that of large towns it is slightly greater. 
Angus Smith gives the following summary of 
results obtained in London in 1864 and 1869 
(Air and Rain, 53-58) : — 

Over River Thames . 8 expts. 0*0343 p.c. 

In the Park . . 5 „ 0*0301 „ 

In the streets . . 10 „ 0*0380 „ 

Any circumstance \thich interferes \\\lh the 
ready diffusion of the products of respiration j 
and of the combustion of* fuel will tend! 
to increase the relative amount of carbonic I 
acid in the air of a town : hence during fogs 
the amount may be as great as 0*1 p.c. 

The amount of carbonic acid in the air ofj 
the country at night is usually greater than in ! 
the day, as the following comparison shows : — 


Air in the day-time. 


Observer 

Year 

Place 

1 Amount 

Fr. Schulze 

1801-71 

Rostock 

i 

0*0292 p.c. 

T. Reiset . 

1873-80 

EcorchebcDuf 

0*0290 „ 

(i. F. Armstrong 

1879 

Grasmere . 

0*0296 „ 

filflntz A Aubin . 

1881 

Vincennes . 

0 0*284 „ 

A. Levy 

1877-83 

Montsouris . 

0*0299 „ 

Petermann 

1892 

Gcmploux . 

10*0290 „ 

Brown A Escombe 

1898-1901 

Kew . 

I(r0204 .. 


Air in the night-time. 


T. Reiset . 

1873-80 

Ecorchebceuf 

0*0304 p.c. 

G. F. Armstrong 

1879 

Grasmere . 

0*0330 „ 


These differences are mainly duo to the ex- 
halation of carbonic acid from plants at night, 
and, to a smaller extent, to the absence of wind 
and of any decomposition of the gas by the 
action of sunlight. Over the sea this diurnal 
variation is not perceived, as the following 
results indicate : — 


Carbonic acid in sea air» 


T. B. Thorpe 

Irish Channel 

186&-6 

Day. 

0*0801 p.c. 

and Atlantic 
Ocean 


Nf^t 

i 

0 

6 





Mean 0*0300 


In cold regions the dissociation pressure of 
hydrogen carbonates in the sea being low, the 
proportion of carbon dioxide in the a& is below 
normal Samples of air collected over the sea at 


I latitudes of 64-70, at temperatures between 
j 1^ and 2% gave a moan value of 20524 vols. in 


Carbonic acid in the air of tropical countrifs. 


T. B. Thorpe . 

S. America 

1866 

0*0328 p.c. 

MOnts A Aubin . 

S. and Central 



America 

1882 

0 0278 „ 



Mean 

0*0303 


10,000 of air, a distinctly .smaller proportion 
than is met with in warmer regions (Muntz and 
Lain4, Compt. rend. 1011, 153, 1116). 

The pressure exerted by the carbonic acid in 
air is so small that its amount is not perceptibly 
diminished by rain. The amount also m not 
sensibly altered in the higher regions of the 
atmosphere. 

Of the several methods which have boon pro- 
posed for the estimation of atmospheric carbonic 
I acid, the most generally convenient is that of 
I Pottenkofor. It consists in exposing a known 
volume (say 50 c.o.) of dilute baryta water of 
I kno-wn strength to a measured quantity of air 
I (4-6 litres) contained in a wcU-closed flask. In 
about 5 or 6 hours the absorption of the car- 
bonic acid will be complete, provided that the 
sides of the flask have boon moistened from time 
to time by the baryta solution. The baryta 
solution is then decanted and allowed to stand 
in a small stoppered bottle until the barium car- 
bonate has settled, when aliquot portions (say 
20 C.O.) of the clear solution are withdrawn and 
the amount of the baryta still in solution deter- 
mined by titration with a standard solution of* 
sulphuric or hydrochloric acid, of which 1 o.o. 1 
mgm. CO 2 , phenolthalein being used as indicator 
{v, Acidimetry). 'Fho difference in the volume 
of acid needed for the neutralisation of the baryta 
before and after exposure to the conflnod 
I volume of air gives the number of milligrams of 
carbonic acid contained in the air, Blochmann 
(Annalon, 237, 72) has described a modifloation 
of the apparatus which allows of the titration 
being effected without exposure to the air of the 
laboratory. 

(For other methods, v. Hnidane and Pembroy, 
Roy. Soo. Proc. 1889 ; Cl. -Winkler, Chom. 
Untor, der Industriogase, Freiberg, 1877 ; Reiset, 
Chem. Soc. Trans. 90, 1144 ; Mttntz and Aubin, 
Ckimpt. rend. 92, 247.) 

(For Angus Smith's mini metric method, v. 
Air and Ram ; compare Lunge, Dingl. poly, J. 
231, 331.) 

(On the influence of the sea upon the amofint 
of atmespheno carbonic acid, v. Levy, Ann. Chim. 
Phv.**. [3J 34, 5; Thorpe, Chem. Soo. Trans. 
1867 ; Schloesing, Compt. rend* 93, 1410 ; 
Lawes, Phil Mag. [6] 11, 200.) 

Minute quantities of ammonia and nitrous 
and nitric acids are also present in the air. 
Although many of the published observations 
are probably inaccurate owing to the imper- 
fection of the methods employed, it appears to 
bo proved that the amount of ammonia, which 
oxi^ mainly as carbonate, ii suMect to very 
great variations. By aspirating from 10 to 2i0 
litfea of air through Nesslcr’s solution fan alka- 
line aolution of potassium-mercury iodide) and 
comparing the depth of colour with that pro- 
duoed by a standard solntion of an ammonium 
salt, H. T. Brown (Rqy. Soc. Proc. 18, 286) 
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found that tho air of Burtoti-on-Trcnt during 
September, October, and November, 1869, 
taken 2 metrea from the ground, contained from 
0-4069 to 0-8732 part (NH 4 )*CO, in 100,000 parts 
of air, whereas t^t of the country taken during 
December and February contained from 0*5102 
to 0-6086 part. The direction of the wind had 
apparently no influence on the amount ; heavy 
rain seemed to diminish it, but the air was 
restored to its normal condition in a few hours. 
Truchot found from 0-93 to 2-79 mum. per cubic 
metro in tho air of Auvergne, the minimum 
being found in clear weather and the maximum 
during fogs (Compt. rend. 77, 1069). Miints 
and Allbin, from observations on rain water, 
found that the upper strata of air eontain much 
less ammonia than air near the ground. Levy 
(Compt. rend. 91, 94) found that the rain water 
and snow of Paris contain in mean 1*17 mgm. 
of ammoniacal nitrogen per litre of water. The 
amount of ammonia in this meteoric water is 
least in winter and greatest during the warn:er 
periods of tho year. Gilbert and Lawes found 
that 1,000,000 pts. of rain water collected in the 
country contained 0-927 to 1*142 pts. of am- 
monia. Rain water collected in towns always 
contains large quantities of ammonia. Thus 
Angus Smith found that rain water collected in 
the sparsely populated districts in Scotland con- 
tained 0-63 pt. per million, whereas the rain 
water of London contained 3-45, that of Liver- 
pool 5-38, that of Manchester 6*47, and that of 
Glasgow 9*1 per million. Tho increased amoiftit 
in the towns is doubtless due to tho influence of 
animal life and to the constant presence in 
greater proportion than in the country of readily 
decomposable nitr gonous organic matter in 
the air {('/. Heinrich, Chom. S'oe. Abst. 1898, 
ii. 114). 

The quantities of nitrous and nitric acids in 
the air are even smaller than that of ammonia. 
Angus Smith (Air and Rain, 287) has given 
the following results showing the amount con- 
tained in a million pts. of ram water : — 

Scotland, inland country places . 0*305 

Ireland „ 0-370 

Scotland, country places . . 0*424 

„ towns . . . 11 034 

England, inland country places . 0-749 

„ towns . . . 0-8G3 

Trieschmann found tliat tho average per million 
brought down m rain at Mount Vemon, Iowa, 
over a period of months uasof fiee ammonia 
0*407 ; albuminoid ammonia, 0*366 ; nitrates, 
0*256 ; and nitrates 0*018. J^in was found to 
be richer in nitrogen contents than snow (Ghem. 
News, 1919, 119, 49). 

Occasionally, and more especially in the air 
of towns, minute quantities of hydrocarbons, 
sulphuretted hydrogen, carbonic oxide, 
sulphurous acid, common salt, alkaline 
sulphates, are met with. Boracic acid and 
sal ammoniac have been observed in air in 
the neighbourhood of active volcanos. 

The percentage amount by volume of the 
inert gases i%tho air may be stated as follows : — 


Argon 
Krypton 
Xenon . 
Neon • 
Helium 


0*93000 p.c. 
0-00995 „ 

0*00114 „ 
0*00123 „ 
0-00040 „ 


(Moissan, Compt. rend. 137, 600; Ramsay, 
Boy ISoc. Proc. 1908, 80 A, 599.) 

Organic matter in greater or less quantity 
IS always present in the air. Much of this is 
nitrogenous, and apparently readily susceptible 
to putrefaction, giving rise to products which are 
alternately trannormed into ammonia, nitrous 
and nitric acids. This form of organic matter 
reduces silver nitrate and potassium perman- 
ganate solutions. A portion of the organic 
matter consists of micro-organisms which 
are .rapidly deposited in the absence of strong 
agrial currents. Hesse quantitatively estimates 
the relative proportions of micro-organisms con- 
tained^in air by aspirating a given volume of 
the air through glass tubes coated internally 
with gelatine peptone, which is then kept at a 
temperature of about 25" for some days, when 
the various monad bacilli and micrococci which 
are arrested and which are capable of growing 
in the gelatine peptone are recognised by the 
colonies which they form. By means of this 
method Percy F. Frankland has made a 
number of estimations of the micro-organisms 
contained in the air of towns ai d in tho country 
and in inhabited buildings. By simultaneously 
exposing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
only of the number of micro-organisms in a 
given volume of the air, but also of the number 
which fell during a given time on a definite 
horizontal area. As the mean of a series of 
observations made on the roof of the South 
Kensington Museum between January and June, 
1886, it was found that there were 35 organisms 
in 10 litres of air, whilst 279 was the average 
number which fell on 1 sq. ft. in 1 minute. 
Similar experiments made near Reigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litres of air, while 79 fell 
per sq. ft. per minute. Experiments made in 
Kensin^on Gardens, Hyde Park, and on Prim- 
rose Hul, gave an average of 24 organisms in 
10 litres, and a deposition of 85 per sq. ft. per 
minute. At St. PauPs Cathedral, 56 organisms 
were found at the base, 29 in the Stone Gallery, 
and 11 in the Golden (gallery, in 10 litres of air. 
At Norwich Othedral, 18 at the base, 9 at a height 
of 180 ft. and 7 at 300 ft. In inhabited build- 
higs great variations were observed ; as a rule, 
the number of micro-organisms was less than 
was found in the open air when the air of the 
room was undisturbed, but rose rapidly when the 
air was set in motion by dra^hts or by the 
presence of many people (P. F. ^ankland, Roy. 
Soo. Proc. 40, 509). 

Experiments made at the Montsouris Obser- 
vatory have shown that far fewer organisms are 
present in the air during winter than during 
spring and isummer. The number also seemt to 
bo greatly increased after rain. Whilst in the 
warm months the number of spores in 1 litre of 
air was 28, after heavy rain it rose to 95 and 
120 . 

Atmospheric dust is made up of both in- 
organic and organic matter. Tissandier found 
that 1 o.m of the air of Paris contained on the 
average 7-5 mgms. of dust; after a period of 
dry weather (8 days), 23*0 mgms., and after 
heavy rain, only 6-0 mgms. It consisted of 
from 27 to 34 p.c. volatile matter, and from 
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66 to 76 p.c. mineral matter, viz. sulphates 
and chlorides of the alkalis and alkaline earths, 
oxides of iron, earthy carbonates and phos- 
phates, Ac. (c/. J. Aitken, Trans. Boy. Soe. 
klin. 35, 37, 39). 

'Badioactivb Constituents ov the Atmo- 

SFHEBE. 

A charged electroscope slowly loses its charge 
in air, and it has been shown that this is not due 
to moisture, but that, on the contrary, the 
leakage is greater in dry than in wet weather. 
The conductivity of air is lessoned by passage 
through a metal tube or by the presence of a 
weak electric field. These facts indicate that 
the conductivity of air is due to the presence 
of charged ions (Townsend, Proc. Roy. Soc. 
1899, 65, 102 ; Geitel, Naturw. Rundsch. 21, 
221). The rate of leakage of electricity from 
a charged conductor in dust-freo air is the same 
for positive and n^ative charges, but varies 
with the pressure. The loss of charge per second 
corresponds to the production of aoout 20 ions 
of either sign in each cubic centimetre of air 
.(Wilson, Proc. Roy. Soc. 68, 161). 

Elster and Geitel have sho^vn (Wied. Ann. 
[2] 39, 321) that ions are produced during 
the formation of ozone by contact of air with 
flames or by the slow oxidation of phosphorus, 
Ac., but the mere presence of ozono does not 
impart conductivity to air ( Jorissen and Ringer, 
Ber. 1906, 39, 2090). Langevin (Compt. rend. 
1905, 140, 232) states that in air, in addition to 
ordinary ions carrying charges equal to that of a 
hydrogen ion in solution, there exist other ions 
having a much smaller mobility, but carrying 
charges fifty times as great. 

Nordmann has described (Compt. rend. 140, 
430) an apparatus for continuously recording the 
state of ionisation of the air. Air is caused to 
circulate between the plates of a cylindrical 
condenser, and the charge given up by the ions 
is removed by dropping water. The condenser 
is connected with an electroscope, the deviations 
of which are recorded photographically, and are 
proportional to the number of ions present in 
unit volume of air. Another apparatus for the 
same purpose is that of Langevin and Moulin 
(Compt. rend. 140, 306). 

No satisfactory explanation of tho ionisation 
of air was found until Elster and Geitel showed 
(PhysikaL Zeitsch. 1901, 76, 690) that a negatively 
charged wire suspended in the open air oecamo 
coated with radioactive matter, the presence of 
which could be proved by its action upon a 
charged electroscope, although the quantity 
present was altoge&er too small to respond to 
any chemical test. Rutherford and Allan 
confirmed this observation, and measured the 
rate of decay of the deposit (Phil. Mag. 1902, 
vi. 4, 704). Later, Allan showed that the 
radioactive matter could be removed from the 
wire by rubbing it with a piece of felt or by 
solution in ammonia, and that the ashes of the 
felt or the residue from the evaporation of the 
solution showed radioactivity having a period 
of decay equal to that of the deposit on the 
wire (Phil. mg. 1904, vi. 7, 140). 

These phenomena are due to the presence 
in the atmosphere of the gaseous emanations 
of radioactive elements, probably those of 
radium and thorium (Bumstead, Amer. J. Sci. 


1904, 18, 1). The amount of active matter 
is not constant, but increases with increased 
circulation of the air, and is therefore probably 
due to tho presence of radium in the sou (Simp- 
son, Phil. Trans. 1006, A, 206, 61). Balloon 
observations made by Flemming (Zeitsch. 
physikal. Clhem. 1908, 9, 801) show that radium 
emanation is present even at a height of 3000 
metres. Thorium emanation exists principally 
in air taken from the soil or the lower lasers 
of tho atmosphere (Gockel and Wulf, Physikal. 
Zeitsch. 1908, 9, 907). That it is not widely 
I disseminated in the air is probably due to its 
rapid rate of decay (Blanc, Physikal. Zeitsch. 
1908, 9, 294). The experiments of Dadourian 
(Physikal. Zeitsch. 1908, 9, 333) and of Wilson 
(PhU. Mag. 1909, 17, 321) indicate that air 
normally contains about 3700 times as much 
radium emanation as thorium emanation. 

By passing air through a copper spiral cooled 
in liquid air, the emanations are condensed, and 
may then be volatilised into an electroscope and 
tho amount estimated by their effect in ionising 
the contained air. Ashman (Amer. J. Sci. 
1908, 26, 119) has thus found in Chicago air 
an amount of emanation per cubic metre equal 
to that which would bo in equilibrium with 
about 1 ‘0 X 10~^* gram of radium. By absorb- 
ing the emanations in charcoal and then 
volatilising them into an electroscope. Eve 
has obtained results of the same order — 
0‘8xl0~** gram for the radium equivalent of 
the emanation in the air of Montreal (Phil. Mag. 
1907, 14, 724), and has shown by numerous 
observations that the value is not affected by 
temperature, but that a deep cyclone with rain 
causes an increase, whilst anti-cyclonic conditions 
cause a decrease in the amount of emanation 
(Phil. Mag. 1908, 16, 622). These results have 
been confirmed by Satterly (Phil. Mag. 16, 684). 

All investigators are agreed that these 
emanations are the chief cra?e of the ionisation 
of air, but Wilson, by experiments on the effect 
of pressure on * natural ' ionisation of air enclosed 
in a metal cylinder, has shown (Phil. Mag. 1909, 

17, 216) that it is partly due to some pene- 
trating radiation the source of which is not 
in tho soil (Pacini, Atti R. Acad. Lincei, 1909, 

18, 123). Both Pacini and Wulf (Physikal. 
Zeitsch. 1909, 10, 162) have detected a double 
diurnal periodicity in the state of ionisation of 
the air. 

(/Sfes also Harvey (Physikal. Zeitsch. 1909, 
10, 46) and Bunge (Chem. Soc. Abstr. 1908, iL 
80).) 


ATOMIC WEIGHTS AND SYMBOLS OF THE 
ELEMENTS (0=16). 


Aluminium 




. A1 

271 

Antimony 




. Sb 

120*2 

Argon 




. A 

39*9 

Arsenic . 




• As 

74*96 

Barium . 




. Ba 

137*37 

Bismuth . 




. Bi 

2080 

Boron 




. B 

10*9 

Bromine . 




. Br 

79*92 

Cadmium 




. m 

112*40 

Csssium . 




. Cs 

132*81 

Calcium . 




. Ca 

4007 

Carbon • 




. C 

12*006 

Cerium • 

• 



. Ce 

140*25 

Chlorine • 

• 



• Cl 

36*46 
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Chromium 





Cr 

62*0 

Cobalt . 





Co 

68*97 

Columbium 





Cb 

93*1 

Copper . 





Cu 

63*67 

I^sprosium 
Erbium . 





Er 

162*5 

167-7 

Europium 





Eu 

162*0 

Fluorine . 





F 

190 

Gadolinium 





Gd 

167*3 

Gallium 





Ga 

70*1 

Germanium 





Ge 

72*6 

Glucinum 





G1 

9*1 

Gold 





Au 

197*2 

Helium . 





He 

4*00 

Holmium 





Ho 

163*6 

Hydrogen 





H 

1*008 

Indium . 





In 

114*8 

Iodine 





I 

126*92 

Iridium . 





Ir 

193*1 

Iron 





Fe 

56*84 

Krypton . 





Kr 

82*92 

Lanthanum 





La 

139*0 

lioad 


s 



Pb 

207*20 

Lithium . 





Li 

0*94 

Lutecium 





T.u 

175*0 

Magnesium 


• 



Mg 

24*32 

Manganese 





Mn 

64*93 

Mercurv . 
MolybJenum 





Hg 

200*6 





Mo 

96*0 

Neodymium 





Nd 

144*3 

Neon 





Ne 

20 2 

Nickel 





Ni 

58*68 

Niton • 





Nt 

222*4 

Nitrogen . 





N 

14*008 

Osmium . 





Os 

190*9 

Oxvgen . 
Palladium 





0 

16*00 





Pd 

106*7 

I’hosphorus 





P 

31*04 

Platinum 





Pt 

196*2 

Potassium 





K 

39*10 

Praseodymium 





Pr 

140*9 

Radium • 





Ra 

226*0 

Rhodium • 





Rh 

102*9 

Rubidium 





Kb 

85*46 

Ruthenium 





Ru 

101*7 

Samarium 





Sa 

160*4 

Scandium 





Sc 

44*1 

Selenium 





So 

79*2 

Silicon 





Si 

28*3 

Silver 





Ag 

107*88 

Sodium . 





Na 

23*00 

Strontium 





Sr 

87*63 

Sulphur . 





S 

32*06 

Tantalum 





Ta 

181*6 

T^lurium 





To 

127*6 

Terbium 





Tb 

159*2 

Thallium 





T1 

204*0 

Thorium 





Th 

232*15 

Thulium 





Tm 

168*5 

Tin • 





Sn 

118*7 

Titanium 





Ti 

• 48*1 

Tungsten 





W 

184*0 

Uranium • 





U 

238*2 

Vanadium 





V 

61*0 

Xenon • 





Xe 

130*2 

Ytterbium (Neoyttorbium) 


Yb 

173*5 I 

Yttrium . 


, 



Yt 

89*33 ! 

IZino 



• 


Zn 

6.5*37 

Zirconium 

• 

. 

• 


Zr 

90*6 


ATOPHAN, Trade name for 2‘phenyl- 
quinoline-4-carboxylio acid. 


COOH 


OCu. 


Used as a uric acid eliminant and as an analgesic 
in the treatment of gout and sciatica. 

ATOXYL. Trade name for the mono-sodium 
salt of p-aminophenylarsinic acid (Ehrlich 
and Bertheim). Forms a white crystalline taste’ 
less, odourless powder. So named from its 
relatively low toxic action (v. Absbnioals, 
Obqanio.) 

ATRAMENTUM STONE. {AiramerUumsltin, 
Ger.) A product ^^of the partial oxidation 
of iron pyrites, consisting of a mixture of ferrous 
and ferric sulphates with free ferric oxide. Used 
in the manufacture of ink. 

ATRANORIN is present in the 

lichens Eternia vuljnna, E. prunantrt, E. fur- 
furctcea, Lecanora atra, L, aordida, Parmelia 
perlata, P, phyaodea, P. Unctorium, Phyacia 
atellaria. Xanthuria parietina, Cladonia rangi- 
formiat Stereocaulan veauvianum and others. 
It forms colourless prisms, m.p. 195^-107° G. 
(Zopf), 187®“188® C. (Hesse), easily soluble in 
hot chloroform, soluble in alkalis with a yellow 
colour. 

According to Patemd, by heating with water 
to 160®, atranorin gives physciol (methyl- 
phloroglucinol) and atrario acid (betorcinol- 
carboxyho acid methyl ester), and these sub- 
stances are also obtained when atranorin is 
heated with acetic acid in a sealed tube (Hesse). 

Phyaciol forms colourless needles, m.p. 
104®-105®, gives a blue-green colouration with 
ferric chloride, and posscsset^, according to 
Hesse, tlio constitution of a methyl-phloio- 
glucinol — 

CH, 

HO— (^-OH 


Betorcinol carboxylic acid methyl eater 
CigHigOg, crystallises in leadets, m.p. 140®- 
141® 0., and gives a blood- red colouration with 
calcium hypochlorite solution. Digested with 
boiling hydriodic acid, it is converted inte 
fi-orcin (Stenhouse and Groves), CgHioO,. 
according to the equation — 

CioHi, 04 +HI«CH,I+CO,+CgHioO, 

fi-orcin (see also harhatic acid) is 1 : 4-dimethyl- 
resorcin^. 

The constitution assigned to betorcinol 
carboxylic acid methyl eater is — 

CH, 

0 COOCII, 

OH 

CH, 


Heated with alcohol in a sealed tube atranorin 
gives, according to Patomb, hoamaiommte aetd 
and hatmaiomminic acid ; but the researohes 
of Hesse indicate that these compounds in 
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reality consist of hasmaUmmic add methyl ether 
and oetorcinol carboxylic aad methyl ether, 
Hamnatommic actd methyl ether OioHigOt 
forms colourless needles, m.p. 147^. soluble in 
alkaline solutions with a yellow colour. With 
ferric chloride it gives a purple- red or purple- 
brown colouration. The ethyl ether, 
gives colourless needles, melts at 111®- 112® 
(Hesse) ; 1 13®-114® (Zopf). It is represented by 
the formula — 



COOC.H, 


When a solution of atranorin in dilute acetic 
acid is gently evaporated, atranorinic acid 
(Hesse) is produced. This compound is also 
present in the Cladonia rangtformts (Hesse) 
when gathered in December, but is absent from 
the lichen in summer. 

Atranorinic acid Ci8Hi809,H,0 forms 
colourless crystals, which are anhydrous at 
100®, and then melt at 167®. With ferric 
chloride it gives a dark brownish-red colouration. 
With hydriodic* acid it gives 0-orcin, and when 
heated with alcohol yields carbon dioxide, 
physciol and fi-orcin. The constitutions assigned 
to atranorinic acid (1) and atranorin itself (2) are 
as follows ; — 


CH* 


HO 


/N-COOH 


CH, 


CH, 

HO 


OOH 

COOH 


1 . 



Beferences. — Patemb and Oglialaro 

(Oazzetta, 7, 289), Patem6 {thtd., 10 , 157, and 
12, 267) ; Zopf (Annalcn, 288, 38) ; Hesse 
(J. pr. Chem. 57, 280) ; Liidecko (Annalen, 288, 
42) ; Hesse (Annalen, 119, 366) ; Stenhouse and 
Groves (Annalen, 203, 302) ; Hesse (J. pr. 
Chem* 1906, [ii.] 73, 113). A. G. P. 

ATRINAL. Trade name for atropine sul- 
phuric acid. 

ATROLACTINIG ACID v. Lactic acid. 

ATROPAMINE. See under Tropeines. 

ATROPINE V, Tbofeinbs. 

ATROSCINE. See Hyoscinb, under Tbo- 


ATTAR OF ROSES v. Oils, Essential. 
ATYROSYL. i^n. for AsyphiL 
AUCUBIN V. (Jluoosidbs. 

AURAMINE, Iminoktramethyldiparamino-di- 
phenyhnethane hydrochloride, C2 7H9iN9,HCl,H90, 
NMe,<l,H4C(NH)*0,H4-NMe,,HCl,H,0(0raebe), 
OP Me,N-C.H4*C(NH;i) ; C.H4 : NMe,Cl,F,0 
(Stock; Dimroth and Zoeppritz). Accordmg 
to Stock (J. pr. Chem. 47, 401 ; Ber. 1900, 
33, 318), and Dimroth and Zoeppritz (Ber. 1902, 
36, 984), the base has the constitution assigned 
to it by Giaebe (Ber. 1899, 32, 1678 ; 1902, 35. 


2615), but the hydrochloride and the other salts 
have the q uinonoidstruotureMe.N'C4H4<;(NH|). 
C4H4 : NMoiCl, and are to oe regarded as 
derivatives of triphenylmethane in which an 
amino- group has replaced one of the benzene 
residues. (C/. Semper, Annalen, 1911, 381, 
234.) 

Auramine, the first member of a series of 
yellow, orange-yellow, or brown dyes, is the 
hydrochloride of a colourless base obtained by 
the action of ammonia on tetrametbyldiamino- 
bonzophenono, and comes into the market either 
in the nearly pure form as Auramine 0, or mixed 
with dextrin as Auramine /. and II. (Graebe, 
Ber. 20, 3264). Fchrmann (Ber. 20, 2847) pro- 
posed to restrict the name auramine to the 
colourless base, but such a change would inevit- 
ably lead to confusion ; and Graobe (f.c.) has 
consequently adopted the name auraminc-hase 
for the base itself, using the term auramine in 
its usual signification. 

Preparation. —(1) Auramine was originally pre- 
pared from totramcthyldiaminobenzophenone 
by dissolving it in somo mdifierent solvent such 
as chloroform, carbon disulphide, hydrocarbons, 
&c., treating it with hdlf its weight of phos- 
phorus triolHorido or oxychloride, and adding 
excess of concentrated ammonia to the chlorH 
nated compound thus obtained (B. A. S. F., 
D. R. P. 27789). 

(2) Auramine can be prepared more econo- 
mically by heating totramethyldiaminobenzo- 
phonone with suitable ammonium salts, such 
as the chloride, acetate, tartrate, thiocyanate. 
&o., in the presence of zinc chloride at 200® 
(B. A. S. R, D. R. P. 29060). Acetamide 
may be en^loved instead of ammonium salts 
(B. A. S. B\, D. R. P. 38433), or the dye may 
be obtained by heating aniline hydrochloride 
with zinc chloride and carbamide, phenyloar- 
bamide, diphenylcarbamide, or carbanil (Ewer 
and Pick, D. R. P. 31930) ; but those alterna- 
tive methods have no practical importance. 

(3) At the present day, auramine is pre- 
pared by a method due to Sandmeyer (Eng. 
Pat. 12549, 1889; 16666, 1890) and Walker 
(J. Soo. Chem. Ind. 1901, 34), which consists 
in heating a mixture of totramethyldiamino- 
diphenylmethane, sulphur, ammonium chloride, 
and sodium chloride in a current of dry ammonia. 
A modification of this method is described by 
J. y. Johnson (B. A. S. F., D. R. P. 71320 ; 
Eng. Pat. 6249, March 23, 1893), in which the 
totramethyldiaroinodiphenylmethanc is replaced 
by dimethyl - tetramethyidiammodiphenylmS- 
thane obtained by condensing acetone and 
dimethylaniline (Ber. 1878, 12, 813). About 14 
kilos, of dimethyl-totramethyldiaminodiphenyl- 
methane ore mixed with 120 kilos, of salt, 6 
kilos, of sulphur, and 7 kilos, of ammonium 
chloride, and a stream of ammonia gas is passed 
through the mixture for eight hours at 175*. 
The mass is first washed with cold water to dis- 


solve away the salt and ammonium chloride, 
it is then dissolved in water at 70*, filte^, 
and the (^e salted out, pressed, and dried. 
Auramine is also prepared by heating dimeth^l- 
aminobenzamide and dimethylaniline with zmo 
chloride at 160*-200* (D. R. P. 77329). 

(4) Quyot (Compt. rend. 1907, 144, 1219 ; 
J. Soo. Chem. Ind. 1908, 679) has s^thesised 
auramiuos by means of the oxatio esters. 
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AURAMINE. 


Cbem. Ind. 1007» 6&) form noutral salta with 
acids, the indigo-blue aqueous solutions of which 
react with ammonia even when dilute to furnish 
tetraalkyldiaminodiphonylamino aoetio esters, 
according to the equation : 


(UgN-C,H4),fXJlCOaR'+2NH. 

-NH4C1+(R*NC.H4),C(NH,)00,R'. 


These new compounds are e;ro-carbozylio doriva> 


lives of the leucaura mines, and po.<iBess all the 
properties of the latter. They dissolve in 
glaoial acetic acid with an intense blue coloura- 
tion, and condense with aromatic tertiary amines 
to form triphonylmothano derivatives. Thus 


othylhezamethyltriaminotriphenyl acetate is 


produced by heating an oqui molecular mixture 
of dimethylanilino and ethyltetraraothyl- 
diaminodiphenylaminoacotate in glacial acetic 
acid on the water-bath for some minutes : 


(Me,N-C4H4).C(CO,Kt)NH,4-C.ir.NMe, 

. -.(Mo4^^•C4H4)J,C(CO,Et)C4H4NMo4+NH3. 


When a dilute alkaline solution of the amino- 
acetic ester is oxidised with dilute potassium 
ferricyanide solution m the cold, a quantitative 
yield "of the corresponding auramine is produced. 

Proptrtiea . — Auramine crystallises from 

water in yellow scales, which seem to consist of 
six-sided tables, and from alcohol in golden- 
yellow scales, melts at 2G7° (Oraobo), carbonises 
at 266*-280* without previous fusion (Fohrmann), 
and is sparingly soluble in cold but readily 
soluble in hot water; the temperature of the 
aqueous solution, however, must not exceed 60*- 
70*, otherwise decomposition onsucs, with the 
formation of ammonia and totraniothyldiamino- 
lienzophenone. On treatment with mineral aoids, 
the aqueous solution undergoes a similar decom- 
position either slowly in the cold or very rapidly 
on heating. Siiectroscopioally, auramine be- 
haves like most yellow dyes ; a hot oonoontrated 
aqueous solution, however, shows two bands, 
one in the red and one in the green, which 
become broader on dilution and finally coalesce, 
forming a bright broad band extending from the 
middle of the red to the commencement of the 
green (Graobe). On treatment in the cold with 
ammonia, auramine (cr^tallisod from alcohol) 
is converted into the colourless base 
which melts at 136*, and is characterised by 
yielding with aoids intensely yellow, and for the 
most part crystalline salts, which dissolve in 
water and alcohol without fiuoresconoe. Alka- 
line reducing agents, such as sodium amalgam, 
slowly doemouriso the alcoholic solution of 
auramine, forming Uwauramine CiyHg.Na, a 
colourless crystalline reduction oom^und melt- 
ing at 136*, which dissolves in acetic acid with 
an intense blue colour owing to its decompo- 
sition into ammonia and tetramethyldiamiiio- 
benzhydrol. 

Auramine dyes wool and silk direct, pro- 
ducing colours which are pure yeUow and fairly 
fast to light and soap. Cotton, for which the 
dye is chiefly used, requires to be first mordanted 
with tannin and tartar emetic, and on tl^ 
account auramine is useful for producing com- 
pound shades with other basic oofouring matters, 
such as safranine, benzaldohyde-green, Ac., 
which are fixed by the same movant. (For 
further information fh Kdohlin, Wagner^s Jahr. 
1884, 1139.) 


Salts, Auramine hydrochloride 
HC3, u sparingly soluble m water, and has 
90*4 at 26* ; tne palmitate 
has m.p. 67*, the etearaie has m.p. 68* (Gnohm, 
Roteli Zeit. Angew. Chem. 1898, 487); the methyl 
sulphate obtained by the action of dimethyl 
sulphate on auramine, has m.p. 225* (Zohl^, X 
pr. Chem. 1902, 66, [20] 387). 

Substituted Auramines. In addition to 
auramine, substituted auramines have also been 
prepared. Auramine G, obtained by treating a 
not mixture of sym-dimothyldiamino-di-o-tolyl- 
methane (from methyl o-toluidine and formal- 
dehyde) sulphur, ammonium chloride and salt 
with dry ammonia gas (Gnehm and Wright, U.S. 
Pat. 488430), has m.p. 120*, the picrnfe has m.p. 
231*, the sulphate m.p. 182*, the oxalate m.p. 
210*. Leucauramine 0 has m.p. 208*. 

Metaiylylauramine can be obtained by heat- 
ing an intimate mixture of 10 kilos, of totra- 
methyldiaminobonzophenone and 23 kilos, ot 
motaxylidine hydrocnloride for about 4 hours 
at 200* in an enamelled vessel provided with a 
mechanical stirrer. Fusion takes place slowly, 
and the mass becomes reddish yellow in colour, 
assuming finally a greenish metallic lustre towards 
the clo.so of the reaction, which is complete when 
a test specimen is almost entirely soluble in 
water. The cooled mass is extracted with hot 
water, and the dye precipitated in orange-yellow 
flocks by addition of sodium nitrate to the 
filtero<l solution. 

MethyUuramlne MoN : C(C 4 H 4 ‘NMe,)„ m.p. 
133* (Zohlon, J. pr. Chem. 1902, 66, 387), the 
hydrochloride CjjHs 4 NgCl, has m.p. 226*, the pla- 
ttnichloride (Ci|H 44 N 8 Cl)gPtCl 4 , m.p. 190*-200*, 
the kydrohromtde CtgHo 4 NgBr, m.p. 260*, the 
hydn^ide CigHg 4 Ngi, m.p. 259*, forms a series 
of unstable polyiodides : the trichromate 
(Cj.lIs^Nal.CrgOio* m.p. 70*, the thiocyanate 
0igH,4NgCNS, m.p. 213*-214*, and the picrate 
Ci.H„Ng,C,H 30 ,N„ m.p. 226*. 

Ethylauramiue £tN : C(C 4 H 4 *NMeg) 8 , from 
auramine ethyl iodide and zino oxide (D. R. P.> 
136616), in.p. 130*-131*, dyes mordant^ cotton 


a pure yellow. 

Phenylauramlne PhN : C(C 4 H 4 -NMe 4 )g, pre- 
pared by heating tetramethyldiaminodiphenyl- 
mothane with aniline and sulphur at 2(X)* (Feer, 


D. R. P. 63614) ; or bv heatmg dimethylamino- 
benzanilide with dimethylaniline and phosphorus 
oxychloride (D. R. P. 44077); has m.p. 172*; 
the hydriodide CggHsiNg,!!!, has m.p. 242* ; the 
methiodide CgsH| 4 Ng,MeI, has m.p. 214*. 

Paraminophenylauramlne NH. • C4H4N : 
C(C 4 H 4 *NMe 8)8 (Finokh and Sohwimmer, J. pr. 
Chem. 1894, 60, 401), has nup. 221*-222* ; ^e 
hydrochloride, m.p. 224* ; the picrate, m.p. I86*~ 
186* (oorr. ) ; the aiacetyl derivative has m.p. 104*- 
196*; the triacetyl derivative has m.p. 267*- 


268* ; monobenzoyl derivative has m.p. 11 7*^; ana 
the di6ensqyl derivative has m.pw 180*-181*; 
paraphenylenediauramine C-H-fN : 
NMe,),],, has m.p. 311*-312* 

Oitiiamlnophenylauramlne, m.p. 199*-200*, 
forms a picrate, m.p. 220*-221*, and a benzoyl 
derivative, m.p. 236*-237*; orthophenyUne- 
diauramine has m.p. 306*. 

p-Tolylnuramlne, obtained by heating te- 
tramethyldiaminodiphenylmethane with p- 
toluidine and sulphur (D. R. P. 1^614), or from 
dimethylaminobenzo - p • toluidine, dimethyl- 





aniline, and x^l^ospliorus oxychloride (D. R 
44077), has m.p. 178®. o-Tolylauramlno sirailaru 
prepared to the p- compound has m.jJ. 173®-174*, 
a - naphthylauramlne (Mc^N 0*114)20 ; NC,JI j 
(D. R. P. 44077), has m.p '/S naphthyl- 

auramine (Me,N 04H4)/" : N (1). li. P. 

44077), m.p. 179® - 'l8u*. Benzylauramlne 
: C(C4H4-NMo2)2 (D. R. P. 13601()) 
from auramine bonr.ylchloride and magnesia, 
has m.p. 116®. Benzbylauramlne (Fmekh and 
Schwimraer, J. pr. Chem. 1894, 60, *101) NBz ; 
CXC4H4*NMe2)j, has m.p. 179® (corr.). 

Melhylphenylauramine hydrochloride^ dt~ 
fihenylauramine^ and pentamctJiyleneauramine 
have been described by Stock (Bor. 1900, 33, 318 ; 
J. pr. Chem. 47, 401-^13). The following com- 
pounds, closely related to the naphthylauraniinos, 
form the subject of a patent (D. 11. P. 44077) : 
teiraethyldiaminodiphenylmethylene - a - naphthyl- 
amine (EtjN-C.H.l^C ; N C,oH,. m.p. 157®- 
158® ; dimethyldiethyldiaminmi^ihenylmeihyUnt- 
a-naphihylamine (Mo2N*C4H4) (Et2N*04ll4)C : N* 
C10H7, m.p. 177®-178® ; tetracthylaiaminoJi- 
phenylmethylene-fi-naphthylamine ( Kt j N *0*114 ) ^C: 

m.p. 166® ; dimethyldiethyldiamin^i- 
phenylmethylene-fi-naphthylamine (Mo.N *04114) 
(Et,N C4H4)C: N O,oH,, m.p. 163®-164®. 

The substituted aura mines dve silk and 
wool, and also cotton after mordanting with 
tarniin. The shades produced on cotton are, 
however, distinctly reddish or browni.Hh-ycllow 
compared with the pure yellow produced by 
auramine itself ; for example, the auramines 
from orthotoluidino, motaxyiidine and cumi- 
dino hydrochlorides dye cotton f;olden -yellow ; 
those from aniline and paratoluidme dye orange- 
red, that from metapliciu Icnodi amine dyes 
orangc-broivn, and those fro m*o- and )3-naphthvl- 
aniine dye broi^Tiish-yellow shades (B. A. S. F., 
D. R. P. 29000 ; Fehrmann, Ber. 20, 2862). 

AURANTIA {Katsergdb) is the commercial 
name of the ammonium salt of hexanitro- 
diphonylamino. 

' Hexamirodiphenylamine NII[C4H4(N02)3]* is 
obtained by treating diphonylamino or mcthyldi- 
phenylamino with nitric acid, and, after tho Brst 
vigorous action has subsided, heating to com- 
plete the reaction. Tho product is then ex- 
tracted with water to remove any resin or picric 
acid associated with it, and finally crystallised 
from acetic acid. 

It forms bright-yellow prisms, melts at 238® 
with decomposition, but can be sublimed in 
yellow needles by careful heating, and is almost 
insoluble in water, more soluble in alcohol, and 
easily soluble in ether. It readily yields salts, 
and the ammonium salt (aurantia) crystalliso.s 
in lustrous brown-red ncedle.s, although com- 
mercially it is obtained as a brick-red powder 
which dissolves in w'atcr and dyes silk and w'ool 
a beautiful orange colour (Giichni, }3cr. 7, 1399 ; 
9, 1246 ; c/. Townsend, Ber. 7, 1249 ; Mertens* 
Ber. 11, 846). Aurantia is used chiefly as a dye 
for leather (W. J. 1877, 1602). Like hexanitro- 
diphenylamino, it is very explosive, but any 
danger may bo avoided by moistening it with 
glycerol (W. J. 1876, 996). According to 
Gnchm (Ber. 9, 1240, 1557) and Bayer £ Co. 
(W. J. 1877, 879), aurantia produces skin 
eruptions ; lilartius, however, contends that 
this effect is due to idiosyncrasy, and quotes ili<‘ 
opinions of Salkowski and i^iurcck m support 
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i^’iiiPiit (Ber. 0, 12 IT), and tlio qiiehtiuM 
.ippeirs to have rocciveit a .'•olutioif 111 this sense 
in Germany, sineo tho nimistcrial order of 
November 8, 1877, prohibiting its manufacture, 
was caneoUod m June, 18‘'(> 

AURIN and ROSOLIC ACID i. Tumi rnvj.- 

METIIAKB rol.OURINQ MATTJSIUS. 

AUROCANTAN. Cantbandv U'tliv !( rn dia- 
inmo auroev anide. 

AUROCHIN. Uuiniiiu jf)-aiuii»olH'n/oatc*. 

AURUM MUSIVUM 01 MOSAICUM Jfo.satV 
}oUL Made by triturating an tiiualgain of 2 
paits till and 1 of mercury with I part sal 
aninioiiiao and 1 of sulphur, and subseipicntly 
subliming. Used os a bronzing powdei for 
plaster iigures (v. Bkonzb puwdkiis). 

AUSTENITE. A solid solution of L.ubon m 
iron, of variable composition; is a ooustant 
< oii>>titiuMil of steels ooutaining 1*1 p.o. of carbon 
or more when cooled rapidly from a teiiipi'iutiiio 
of 1100® -1500®. It may bo obtainid puio- 
by quenching a steel containing 0*93 )> < * .11 lx >11 
and 1*67 p.c, manganese from 1050® in k <*- 
water (Maurer, MdUuIurgie, 1900, 6, 33). Ntn is 
containing 13 p.o. of manganese or 25 j) c of 
nickel contain only austenite, and are soft aiul 
non- magnetic. 

Under tho microscope austenite is recognised 
by its softness as compai*cd with * martenaitc,* 
with which it is iisnallv HHsocinfcd ; l»v Ms 
•»triic( !iit !« II iii« <* .iiid li\ till I,, i>-l,i M( ^ I 

of .ill p'lli hill (l.«) I li.itilui, 

Kevvm <ic \h t.illuign*, I'.UM) 

AUSTRALENE r. TujiricNTiif*. 

AUSTRIAN CINNABAR. TJa^tc lead chro^ 

male (c t'nuoMU'M). 

AUTAN V imvline of solid (polyiiu iiad) 
fonii.d(lci >3 <l(i and tho dioxides oz barium or 
strontiiiiii. used in the disinfeotion of living- 
rooiiH. On mixing the jiowdor with water, a 
rapid disengagement of foninldcliydo vapour, 
mixed with oxygen, ix i iii < 

AUTOCLAVE An .ipji.Liatns ( oiHtiin ti li on 

the piiiK ipli* uf B.ipiu s digi 'l*!, hu li* ding 
li({Uids al tempi i.d iiK i iibo\< llxii lx»i|iii;' 
IMimls Autoel.ives an* usimlly nunh of •.I'^t 
mill <ir steel, occasionally of eopjior, and m M>nie 
iMses of shoct-iion 01 sbd. Cast 11 on uiito 
claves arc KoiMf*tori»s 
strapped with .sti < 1 ii.igs 
for "• ■* ' 

Ti I- 

hii -'L 

tin, h'.id, ' ‘»ppv r, 01 /iiie. 

Metallic linings are now 
soidmed Ii'odly t/) tho 

.-,11 'dot hive. 

'I'll I witli a 

pres-un; giiii)/. .iml 

safety valve, and 1 iil>i s 
for Ifie 111 1 lion of t Imr- 
rao». id ara FiO. 1. 

usM by ft 

SCI' ' f'ovor, working against a 

wa onniiiim or eoppfi, and 

are l>y Hleam, diSM t lire, 

electrical hf.ituii, the circiilation of hot oil. 
or in a bath of molten lead. 'I’ln v ar* \f '!• d 
before use at (at hast) twife th^ir woiking 
p!C‘-,im by im 'IMS of <i hydiaulm tfsf fiump 
t )i I .iMori.ilU they aif piov idfd v'l'h I'ot ilors 
working through stulhiig to 
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Fio. 2, Fi<s, 3. 

1, 2 and 3 illustrate the types of 
for pressures of 20 or 30 atmospheres, 
but wfieii very high pressures are employed 
(100 atiiios. or more) a tubular design, Fig. 4, 
iH more satisfactory both m cost and case of 
iii.iuipul (tion Aiiloclaves working at about 
Id ahiius air itsii.iiiy of rivottcd steel plates, 
iind follow onluuiry steam boiler practice. 
Welding IS not as reliable as iivctting, and must 
always be viewed with suspicion in this class of 
plant It IH obvious that the ordinary safe 
woikiiigstn sscs adopted by mechanical engineers 
aio not suitable fur designing autoclaves. 

C’onsiderations relating to the effect of 
temperature and chemical action may arise. 
Ill tlie case of cast metal autot laves the greatest 
(iiic ill design, in selecting tiie maienal, and in 
casting to ininiiniso internal stresses must be 
taken. When treating liquids, suitable pipes 
for admission and discharge may make it 
iiTinecoHsary to remove the cover iinacr ordinary 
circumstances, but when solid substances are 
charged, the mechanical problem of repeatedly 
making a light joint presents itself. Extension 
of the cover bolts under stress and heat must be 
con.sidered to avoid leakage under the worst 
woiKing conditions. 

'I'lio joint is usually made by means of a 
tongue in the cover pressing on a soft metal 
ring in a groove made in the flange of the body. 
A byroad* surtaeo is unsuitable and in the case of 
a copper ring, a bearing area not more than 
one- eighth inch wide is usually satisfactory at all 

{ iresBures. ISuoh a joint may be remade 
iiindreds of times without failure. On account 
of its high elastic limit, nickel steel is the most 
Hiiiiable material for both bodies and bolts of 
high-pressure autoclaves, and by the use of 
suitable protective linings can generally be 
adapted for any chemical process. 

When a loose container, as shown in Fig. 2, 
i.s employed, the space between the body and 
the container should bo tilled with a liquid 
(jiaraffin wax is generally most suitable) to 
improve the rat© of heat transference. 

J. W. H. 

AUTOlb’fSIS. A physiological term signi- 
fying self-destruction, and used to indicate the 
de.stnictive changes (apart from putrefaction due 
to micio-orgjinisMis) which occur in ceils after 
tic.itli o] n nioMit Itom the li\ ing body These 
changes aie due to the action of intra-ceilular 


1 are analagous to those wlilch 
•ei ur in <iit:»'»tion ; uidecd the term auto-diges- 
tion is sometimes employed 'I'hc study of sucli 
(Imiijoh IH important bc- 
I • lu \ ed that 
I' ift'-r death, 

v\, .'ire still 

' M Si time, 
us . \Mth those 

whi( li during life 

and result in the forma- 
tion of waste Eiib.stancrs, 
the ysrodiK ts of vital 
a<tivity. J)iiring life, 
however, the destructive 
changes are counter- 
balanced by changes in 
the opposite direction by 
which the cells build 
themselves up from food 
materials to repair their 
wear and tear. Assimi- 
lation of tins kind is 
obviously impossible after 
death. 

AUTUNITE or CAL- 
CO - URANITE. A 

mineral consisting of 
hydrated phosjilmte of 
uranium and calcium 
(‘a(UC),),r,0*-8H,C), 
which within recent years 
has been somewhat ex- 
tensively mined as an ore 
of uranium and radium. 

It is a member of the 
isomorphous group of 
1 minerals known as the 
* uranium micas,’ which 
crystallise in square, 
tetragonal (or very nearly 
square, orthorhombic) 
jilates with a perfect 
micaceous and yiearly 
cleavage parallel to their 
surface. In the orlho- 
rhombic autunite the 
colour is characteristically 
sulphur-yellow, or some- 
times with a greenish 
tinge, 80 that this mineral 
is readily distinguished 
from the emerald-green 
torbemite or cupro-ura- 
nito. Sp.gr. 3-1 ; H. 2-2}. 

It occurs as an altera- 
tion product of pitch- 
blende, and is often found 
as a scaly encrustation 
on the joint-planes of 
weathered granite or gneiss. The more im- 
jiOTtant localities are St. Symphorien, near 
Autun in Franco (hence the name autunite) ; 
St. Just, Redruth, and Grampound Road in 
Cornwall ; Johanngeorgenstadt and Falken- 
stein in Saxony ; Black Hills in South Dakota ; 
Olary and Mount Painter in South Australia ; 
and Sabugal, near Guarda in Portugal. At 
the last-named locality several mines have 
recently been opened up ; the crude ore is here 
leached with suljihunc acid, and the extracts 
sent to Pans for further treatment. L. J. S, 
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AUXOCHROMB r. CoLOtm and CRBMirAL 
CONSTITUnOB. 

AVA or Kava-kava, Tho root of Pijier 
meihysticum (Forst, f.)> growing in the islands 
of the Pacific. It is taken as an intoxicant by 
the natives, and is used as a drug on the Con- 
tinent. It is often adulterated with mattco 
and annatto (Pharm. J. [3] 7, 149). 

AVENTURlNEorAVANTURlNE. A variety 
of quartz found at Capa de Gata, Spain, spangled 
throughout with minute yellow scales of mica, 
is known as aveiiturine ouartz. An aventurine 
felspar or sunstone is found at Tvedestrand, 
Norway. It is used for ornaments. 

Artificial aventurine, or glas^, or gold fiux, i 
was manufactured for a long period at the glass- I 
works of Murano, near Venice. It may be pre- 
pared by addmg to 100 parts of a not too re- 
fractory glass, 8 to 10 parts of a mixture of equal 
parts of mrrous and cuprous oxides, and allowing 
the mixture to cool very slowly so as to facilitate 
the formation of crystals. 

AverUurtne glaze for porcelain, invented by 
Wohler (Annalen, 70, 57), is prepared by finely 
grinding 31 parts Halle kaolm, 43 quartz sand, 
14 gypsum, and 12 porcelain fragments ; making 
the whole into a paste with 300 parts water, and 
adding successively 19 parts potassium dichro- 
mate, 47 load acetate, 100 ferrous sulphate, and 
sufficient ammonia to precipitate the whole of 
the iron. After the soluble potash and am- 
monium salts have been washed out, the glazing 
is ready for use. 

AVIGNON GRAINS. Tho seeds of Bhamnue 
infectarius, employed in dyeing for the produc- 
tion of yellow colours {v, Rhamnin, art. Xan- 
THOBHAMinN). 

AVOCADO PEAR or ALLIGATOR PEAR. 

The fruit of Persea gralissima, a tropical product. 
The fruit, which usually weighs from 4 to 0 
oz., consists of rind (about 8 p.c.), flesh (07 p c.), 
and a large * stone * or * pit ' (about 25 p.c.). 
According to Pnnson-Qeerlings (Chem. Zeit. 
1897, 21, 715), tho flesh contains : 

Oluooss Fructose SaccharoM Total sugar 
0-40 0*40 0-80 1-72 

The flesh, which has a nut-like flavour, is 
usually eaten with pepper and salt. An analysis, 
made by Jamieson ((Jhem. News, 1910, 102, 01), 
gave: 

Water Ether extract Protein Sugar Fibre Ash 
06*9 10-6 5*7 M 4-0 20 

The ether extract was green, and contained 
about 4 p.c. of resins. After their removal, an 
oil, resf'Trbling that of bergamot, was obtained, 
which had an iodine value of 29 ‘9, and saponi- 
fication value of 207. La Foige (J. Biol. Chem. 
1916, 24) found that the sugar present in the 
pulp of the ripe fruit could be extracted with 
water and crystallises fcpm dilute alcohol in 
hexagonal prisms, m.p. 152^. * It is non-ferment- 
able and not oxidised by bromine, and is probably 
mannokatoheptose. H. T. 

. AVOCADO PEAR, OIL OF. An oU obtained 
from the oleaginous fruit of the Persea graiiesima. 
Hofmann stated that for the purposes of the 
Boapmaker this oil would be as valuable as 
paliD oiL 

AWAL or Tarwar. An Indian drug,, the 
bark of Cassia aurkulata (Linn.) (Dymook, 
Pharm. J. [3J 7^977). 


I AWLA o. Amlaki. 

AXIN. A waxy secretion of a Mexican 
rhynohotrous insect Uaveia axfnus which feeds 
ion Upondias lutea, XanthoxylHfn Clara-kerculia, 
and A', pentanome : has the consistence of butter, 
the smell of rancid fat, and a yellow colour. 
Molts at 3b°, and is soluble in hot alcohol and 
ether. Rapidly absorbs oxygen from the air, 
becoming brown, hard and insoluble in 
alcohol and etlier. Is readily saponified, yield- 
ing axinic acid and glycoto). It resemlles 
Japan lao and forms an excellent laoquer for 
w'ood, metals, and pottery (Boociuillon, J. Pharm. 
Chim. 1010, 2, 400; J. Boo. Chem. Ind. 29* 
13201. 

AXINITE, A complex borosilicate of alu. 
minium, calcium, iron and manganese. Various 
formulas have boon proposed ; W. E. Ford 
(1903) gives whore R"«Ca, 

Fe, Mn, Mg, H,, and Iv"— Ai, Fo. According to 
VV. T. Schallor (1909) tho composition is ex- 
pressed as isomorphous mixtures of * ferro-* 
axinito * 4Ca0-2Fe()-2Al,0,‘B,(),-8Si0, lI,(), 

and ‘ manganaxinito ’ 4Ca(J-2SlnO-2AlgO,*B,(),. 
8SiOg*H J[). The mineral contains 5-0 p.c. 
R»0,. Crystals are trielinio with a character- 
istic axe-sbapod habit, hence tho name. I’lio 
colour is usually clove brown, but may bo 
yellowish or greenish. l)3()3-3*3tl,Ul>j[-7. 
Axinite occurs in crystalline schists and inota- 
morphic rocks at many localities. Fine ciystals, 
suitable for cutting as gcm-stunes, are not un- 
common from Bourg d^'Oisans, Isdre, France, 
and large groups of crystals come from Japan. 
In the metamorphio nx'ks surrounding the 
granite mass of Bodmin, in Cornwall, massive 
axinite and axinite-rock are of abundant 
occurrence (G. Barrow, MiniTalog. Mag. 1908, 
XV. 113; Geology of Bodmin and St. Austell, 
Mem. Geol. Survey, 1909). 

Tourmaline {q.v,), another complex boro- 
silicate containing rather more boron (B,Og9--ll 
p.c.), is also of common occurrence under tho 
same conditions in Cornwall. It is possible that 
those occurrences may be of use as a source of 
boron. L. J. S, 

AZADIRACHTA, Margoaa, or Nlm. The 
bark of the nlm tree, Melia ii\dica (Brandis) 
[M. Azadirachta], is commonly used in India as 
a tonic and febrifuge It contains u bitter resin. 

I An oil, used in medicine and for barning is 
expressed from the seeds, which on saponinca- 
I tion yielded 36 p.c. of fatty acid molting at 30^ 
and 66 p.c. melting at 44^. 

AZAFRANorAZAFRANILLO. The root of % 
plant obtained from Paraguay, belonging to tho 
family of tho Serophulariacecs, used to colour 
fats. Contains about 1 p.c. of a dye {azafrin) 
easily extracted by boilinp benzene. Forms 
orange-red crusts of mmroscopio needles, 
m.p. 214^. Does net contain nitrogen or 
methoxy- or ethoxy- groups; one hydroxyl 
group is shown by ZerewitinofPs method. Dyes 
wool yellow, ancf forms yellow to orange lakes 
with Scheurer’s mordants ; wool extracts the 
whole of the dye from a hypos^hite vat. 
Gives a fine blue solution in coneditrated sul- 
phuric acid, which becomes violet on adding 
alcohol (Uebermann, Ber. 191 1» 44, 860). It is 
not identical with bixin, as conjectured by van 
Hasselt, in , spite of tho similarity in their re> 
actions. Ths acid reactions of azafrin afford a 



436 


AZAFRAN. 


good oxample of halochromisin. Methyl-azafrin, 
obtained by the action of dimethyl- sulphate, 
gives a series of salts parallel with those of the 
parent substance (Liebermann and Schiller, 
Ber. 1913, 46, 1973). 

AZEHLAIC agio. Lepargylic acid, CO^H* 
(CH,),*CO,H. It is obtained by oxidising 
Chinese wax (Buckton, J. 1857, 303), cocoanut 
oil (Wins, Annalcn, 104, 261 ), or castor oil (Arppe, 
Annalon, 124, 86) Ivith nitric acid; by the 
oxidation of olcie acid u ith potassium perman- 
ganate and caustic potash (Ehmed, Chem. Soc. 
Trans. 1898, 627), and by the oxidation of keratin 
(horn shavings) vith permanganate (Lissizin, 
Zeitsch. physiol. Chem. 1009, 226). It is formed 
together with other products when fats or oleic 
acid become rancid (Scala, Cliem. Zentr. 1808, 

i. 430). It has been synthersisod from penta- 
methylene bromide and sodium acetoacetate 
(Haworth and Perkin, Chem. Soc. Trans. 1894, 
86), and has been obtained by decomposing the 
ozonido of oleic acid (Molmari ana Soncmi, 
Ber. 1906, 2735 ; Harries and I'hieme, ibid. 
1006, 2844 ; Molinari and Fenaroli, xhid. 1908, 
2780). It is best prepared by oxidising with 
potassium permanganate an alkaline solution 
of rioinoleio acid obtained by the hydrolysis of 
castor oil (Maouenno, Bull.*^ Soc. cbim. 1809, 
(lii.l 21, 100 : ilazura and Grilssner, Monatsh. 
0, 476). Azelaio acid crystallises in colourless 
]ihtc8, m.p. 106‘2^ (Mas.so), Bull. Soo. chim. 
13] 10, 301), and is readily soluble in alcohol, 
less soluble in watei or ether. By heating 
aeciaio acid with soda lime, azelaont {cyclo- 
nonanone) C1.H.4O, b.p. 205^ (ctrea), is obtamed 
(Miller and rscbitschkin, Chem. Zentr. 1800, 

ii. 181): Harris and Tank (Bor. 1007, 4556) 
have shown that a complex mixture of oyclo- 
ketones is obtained by distilling the calcium 
salt of azelaio acid. Azelaic anhydride is 
obtained by heating azelaio acid with 7-8 pts. 
of acetyl chloride. It melts at 56”-^7” (Etaix, 
Ann. Chim. Phys. [7] 0, 399). 

AZELAONE v. Azelaio acid. 

AZIDINE BLACK, -BLUE, -BORDEAUX, 
-BROWN, -FAST RED, -FAST SCARLET, 
-GREEN. -ORANGE. -PURPURINE, -YELLOW, 
-VIOLET, -WOOL BLUE v. Azo- oolourino 
matters. 

AZIMINOBENZENE v, Diazo oomfounds. 

AZIMINONAPHTHALENES v. Diazo com- 

FOUNDS. 

AZINES (Qulnozslines). Azonlum bases, 
a^id colouring matters derived from them. 

Definition , — ^The term ^azmes* has been 
given to a group of organic bases, which contain 
10 their molecule as an intrinaio part of their 
constitution a heterocyclic hexagonal ring, built 
up of four carbon and two nitrogen atoms, 
arranged in such a manner that the nitrogen 
atoms stand in para-position to each other, 
whilst the four carbon atoms are disposed in 
two pau's between them, thus : 

(/% 

The term ' azine,* first proposed by Merz, is 
not happily choson, and is even misleading, as 
it enters into the names of other nitrogen 


compound! of a different constitution, such as 
the ^drazines. 

The name * qninoxaline * was given by 
Hinsberg to compounds which also correspond 
with the above definition. It was, therefore, con- 
sidered for some time as synonymous with the 
word * azine,' which latter was, however, more 
frequently used. In later years it has become 
customary to distinguish betw'een the two terms, 
and to use them for the two tautomeric forms 
in which these bases occur [see Theory), 

The name ' azonium base^ has been given 
by Witt to a class of organic bases, derived from 
the a/ines by the linking of an organic radicle to 
one of the nitrogen atoms, whereby this atom 
passes from the trivalent into the pentavalent 
state, a process which results in a very marked 
change 0! the properties of the substance. 

Both the azines and azonium bases possess 
the nature of pow'orful chromogens, the hetero- 
oyc)io ring above mentioned being endowed with 
strong c^omophorio properties. Being highly 
basic and cimabio of assuming a quinonoid struc- 
ture {see Theory), they, and especially the 
azonium bases, possess to some extent the 
nature of dyestuffs, which is, however, much 
more strongly developed by the introduction of 
separate auxochromio groups. A very large 
number of powerful colouring matters of great 
intensity, variation, and purity of shade may 
thus bo obtained, some of which have acquired 
considerable practical importance. According 
to their constitution, which is in almost all cases 
completely cleared up, tiioy have been clab&ifu'd 
into grou;;)8, which have received the names 
eurhodines, eurhodols, safranines, sa- 
franols, aposafranines, indulines, and 
fiuorindines. 

The investigation of the azines and their 
derivatives, which was accomplished by a num- 
ber of chemists during the last 20 years of 
the nineteenth century, nas been of considerable 
importance in the development of our present 
views on the constitution of colouring matters, 
and especially in the adoption of the modem 
quinonoid structural formulas for the groat 
majority of them. 

History . — ^The two simplest and most 
typical members of the azine group, diphenazine 
and dinaphtazine, have been known for many 
years as ^ azophonylene ’ (Claus and Rasenack, 
1873; Annaien, 168, 1) and 'naphtase* 

(Laurent, 1 835 ; Ann. (?him. Phys. 59, 384), 
but their constitution was not properly under- 
stood and their importanoe not recognised. 
Merz (1886, Ber. 19, 725) finally proved the 
constitution of the former, which had been in- 
Bufiioiently substantiated by Claus, and pro- 
posed for it the name diphenazine ; Witt (1886, 
Ber. 19, 2791) determined the true nature of 
*naphtasc.' In 188#Hin8bcrg (Ber. 17, 319) 
I described a general method for preparing his 
' quinoxalines, which proved most fitful in the 
further development of the subject. Other 
general methods were discovered by Witt, Merz, 
Japp, Ullmann, and others. 

The first eurhodines were prepared by Witt 
in 1879 and 1885. He recognisM that they 
formed a new class of dyestuffs, and also 
that they were related to the safraninee. He 
determined their constitution in 1886 (Ber. 19, 
I 441) by showing that they are tba amino- deriva* 
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ti^es of the azines or quinozalino?. At the 
lame time he disoovered the dist eurhodol. The 
natural coneequenoe of this disooyery was the 
clearing up of the nature of the lafraninea, 
which were recognised in the same ^ear simnl- 
taneously and indemndently Witt, Nietzki, 
and Bemthien as diamino- derivatives of the 
(then hypothetical) azonium bases. The first 
representative of this new class of bases was 
prepared in 1887 by Witt (Bcr. 20, 1183). 

The subject was now taken up and rapidly 
advanced by many chemists, amonsst whom 
Nietzki and his collaborators, Kehrmann, 
UUmann, and their collaborators, may be cited. 
Otto Fischer and Hepp also did a considerable 
amount of work in this domain, and especially 
in the investigation of the indulines and apo- 
safranines. 

The typical indulines and safranines have 
been discovered by purely empirical methods 
in the early days of the colour industry. The 
simplest representative of the group, pkeno- 
safranine, was prepared by Witt in 1877. Its 
phenylatcd derivative is mauvtKne, the first arti- 
ficial dyeslufi piepared by W. H. Perkin in 1858. 

Theory . — It has been already stated that 
the essential part of the molecule of an azino is 
the heterocyclic ring consisting of two atoms 
of nitrogen and four of carbon. Each of these 
six atoms has three valencies engaged in the 
formation of the nng ; the nitrogen atoms have, 
therefore, no free valencies left (so long as they 
remain in the trivalcnt condition), whilst each 
of the carbon atoms lias one valency free to be 
saturated by hydrogen or another monovalent 
clement or radicle. The simplest possible com- 
pound of the kind would thus have the formula 
It seems natural to suppose that it 
would be the prototype of all the azinos. 

Such a coinpouna exists and is well known. 
It has received the name pyraz^ne. Many 
derivatives of it, formed by the substitution of its 
hydrogen atoms by monovalent organic radicles 
are also known ; they form the large and well- 
investigated class of the keime or aldine bases. 
But neither pyrazine itself (which in its properties 
resembles pyridine, to which it stands in the 
same relation as pyridine stands to benzene) nor 
the ketines show any resemblance to the typical 
azinos. They exhibit no colourations, nor do 
they form any derivatives which have the nature 
of dyestuffs. For this reason pyrazine and the 
ketines are no longer considered as belonging to 
the azine CTOup. 

The characteristio properties of the azinos 
only appear in compounds in which at least 
one other ring system is linked to the pyrazine 
ring, in such manner that one of the CTf-groups 
of the latter becomes part of an aromatic 
radicle. The process may be repeated. Thus 
the simplest representatim of the azino group 
would TO compounds of tne following type : — > 

Phenaiine. Diphenazlne. 

The nomenclature of the true azines has been 
ohosen accordingly. The aromatic radicle or 
radides linked to the central (or * meso -’) ring 
are prefixed to ttm syllables -arine. 


The azinc) are members of the aromatic 
series. If we consider them as such, w e recognise 
at once a strong analogy to other substances 
which contain heterocyclic rings linked to 
aromatio radicles, such as : 

O 



h 

Anthraqutnons. 

'\/\nA/^ 

Oxazlne. 


apo 

1^ 

Aoridios. 

apo 


Thiazine. 


all of ^hioh are chromogens, like the azines. 

If we consider the manner in which the six 
atomicities of the two nitrogen atoms contained 
m the meso- ring of an azine mav be disposed, we 
recognise two possibilities which are repre- 
sented in the following structural formule of 
diphenazme : — 






-N' 




A 


II. 

Formula I. is the one first proposed by Claus 
for his * azophcnylene,* and by Merz for bis 
azines ; II., the one suggested by Hinsberg for his 
quinoxalines. Practically, there is no difference 
between azines and quinoxalines; they form 
one group; but it has been for a long time 
a matter of opinion which of the above 
formulae was more adapted to the ^perties of 
these substances. Formula 1. exmains bv its 
perfect symmetry the extreme stability of the 
azines, the fact that they may all be distilled 
without the slightest decomposition at extremely 
high temperatures. Formula 11., on the other 
hand, is distinctly (ortho-) quinonoid, and con- 
sequently suggestive of chromogenio proper- 
ties. 

The existing difference of opinion as to tho 
constitution of the azines has been finally dis- 
posed of bv the admission that the azines are 
undoubtedlv tautomeric, caTOble of assumiiu; 
either of the constitutions 1. and II., accord- 
ing to circumstances. In their free state, in 
which they are volatile and almost colourless, 
they possess the symmetrical (azing^) constitu- 
tion 1., whereas in their intensely coloured salts 
they have more probably the asymmetrical, 
quinonoid (qninoxaline-) constitution IL In the 
colouring matters derived from the azines, the 
case is mouently complicated tho fact that 
i the auxoojuomio groups participate in the 
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formation of the quinonoid constitution, which, 
by that means, may become para- as well as 
orfho>qninoicL Sometimes it is difficult to 
decide between the existing possiliilitics. 

Synthetical methods for the production of 
azmes, and their derivatives and description of 
some typical representatives of the group. 

T. Azines. (a) Synthetical methods. (These 
will be referred to in the description of typical, 
representatives by their number.) 

1. By heating a-nitro naphthalene with 
powdered quicklime, Ijaurcnt (Ann. Chim. Pbys. 
09, 384) obtained dinaphthazino, ^hich he 
called naphthase. Doer (Ber. 3, 291) and 
Klobukowski (Ber. 10, 673) modified the method 
by replacing the quirklimc by zinc<dust. Schi* 
chiizky (J. K. 6, 2404) used lead oxide. 

Wohl and Aue (Ber. 34, 2443) observed (1001) 
that nitrobenzene gives considerable quantities 
of diphenazino on being heated with strong 
caustic soda, a reaction which is practically 
identical with the one discovered by Laurent. 

2. (Jlaus and Easenack (Aimalcn, 108, 1) 
obtained * nzophcnylciio * (diphenazme) by the 
dry distillation of orlhoazobenzoic acid in the 
shape of its calcium or potassium salt. CSaus 
proposed the azine formula for his product, but 
failed to afford convincing proofs for it. 

3. A gcncrol method of great applicability 
was indicated by Hinsberg (Ber. 17, 319; 18, 
1228), who showed that \vlienevcr an alpha- or 
orfAo-diketoiie reacts on an aromatic ortho* 
diamine, two molecules of watcT are given off 
and an azine is formed. The method was first 
applied to the production of phenazino : 



O'Phenyloncdlamine. Phenar.ine 

(quinoxaline). 

It works in roost oases so w'cll, that it has been 
recommended by its author (^Annalcn, 273, 343, 
37 1 ) as the best method of identifying either an 
orthodiamino or an ortbodi ketone. Very small 

a uantities of the ingredients are necessary, and 
10 azine formed is easily recognised by its 
melting-point and sulphuric acid reaction. ] 
Hinsoerg’s reaction roa^ be extended to ' 
nitroso-i3-naphthol, which is in reality the I 
oxime of ortho-naphthaquinone. Ullmann and | 
Ueisler obtained (Bor. 42, 4203) naphthaphen- ' 
azine by boating ortho-pbenvlencdiamine hydro- j 
chloride with nitroso-i9-naphthol : 


l«s=i general appli'ation. It consists in the 
action of orthodihydroxyL derivatives upon 
orthodiamines: the hydro- derivatives of the 
azines are formed, and these are oxidised by 
the oxygen of the air into the azines : 

Pyrocatechol. Orthophenylene dtamioe. 

Dlphenazine. 

0. Early investigators had studied the re- 
action of ammonia under pressure upon benzoiu 
(Erdmann, Annalon, 136, 181) and phenanthra- 
quinone (Sommaruga, Monatsh. 1, 140). Japp 
and Burton showed that the free ammonia 
may be advantageously replaced by ammonium 
acetate, and proved that tne ‘ ditolane azotido * 
and * phenanthrene azotide * obtained were 
tctraphcn}lketine and diphonanthrazine. They 
generalised the method and applied it to $- 
naphthaquinone, from which they obtained 
dinaphthazine (Chem. Soo. Trans. 1887, 98). 

6. Another mode of formation of the azines 
consists in the joint oxidation of a phenol, in 
which the para- position is no longer open to 
substitution, and aromatic orthodiamines. This 
method wos discovered by Witt (Ber. 19, 917), 
who used it for the production of a new isomcride 
of tolunaphthazine by oxidising a mixture of 
fi-naphthol and orthotolylene diamine : 

KII, 

#*^'aph(hol, Orthotolylene diamine. 

^Y> 

I +3H,0. 






/\/ 


Ha 


y-CH, 

Tolnnaphthaclne. 

7. An elegant modification of the above 
method was devised in 1906 by Ullmann and 
Ankersmit (Iter. 38, 18U), who heated fi- 
naphthol with orthoaminoazotoluene. The 
latter takes up the hydrogen liberated in the 
reaction, yieldmg at the same time the necessary 
orthodiamine* 


I 


NttX080-/i-naphth(4. Orthophenylene diamine. 



+ H,0 + NH,OHHa. 
I 1 ] Hydroxylamlna 

hydrochloride. 

Naphthaphenazine. 

4. The method of Merz (Ber. 19, 726) is 


00 - 

p-NaphthoU 


C,H, 

I 


NH. 




\ 

Orthoainlnoasotuliieiiat 
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8 A rfry peculiar mode of formation of 
those substances was discovered by Witt (Bor. 
20, 571), who showed that the orthoazo- deriva- 
tives of secondary amines, and more especially 
of such amines containing the /^-naphthyl- group, 
are decomposed by being heated with acids into 
the corresponding azine and amino- compound, 
thus : 



The reaction is simple and easy, and gives, 
as a rule, excellent yields. It is* in reality a 
condensation of the secondary amine into the 
corresponding azine by the dehydrogenating 
influence of the azo- group temporarily intro- 
duced for the purpose. 

(6) Generic characters of the azine group. All 
azinns have certain peculiar properties in com- 
mon. As a rule, they are solid, well crystallised 
compounds of white, pale yellow, or even orange 
colour, possessing a high melting-point, and 
boiling under atmospheric pressure at very high 
temperatures (in some cases approaching red 
heat) practically without decomposition. They 
sublime at temperatures below their boiling- 
point, and their vapours condense into \olu- 
minous aggregates of crystals. 

All the azines are bases which form salte 
with acids. The mono-acid salts, with the 
stronger mineral acids, may generally bo obtained 
in a crystallised condition ; but they arc stable 
only in the presence of an excess of acid or in 
the absence of water, which easily decomposes 
them into their constituents. These salts are 
intensely coloured, a fact which justiiios the 
inference that they contain the base in the 
quinonoid (quinoxaline) form. The hydrolytic 
action of the water is therefore accompanied by 
the tautomeric change into the symmetrical 
(azine) form. These salts, some of which have 
been analysed, invariably contain one equivalent 
of acid for one molecule if the base. The di-acid 
salts cannot be isolated, but evidence of their 
existence is given by the intense red, violet, or 
blue colourations exhibited by the solutions of 
azines in a great excess of strong acid, preferably 
sulphurio acid. If water bo added to these 
Bolotions, a chance takes place; the di-aoid 
salt is dmmposcd, the yellow or oranm mono- 
acid salt is formed, and, on further a<&ition of 
a laige excess of water, the free azine itself 
separates out in flakes. These striking colour 


reactions are hichly characteristic, and form the 
best means of identifying the azines. 

Notwithstanding these intense colourations, 
the azines are not applicable as dyestuffa They 
are only to be considered as o^mogons and 
suitable to produce oolouriog matters by the 
introduction of auxoohromio groups into their 
molecules. They are thus strictly analo^us 
to the other heterooyclio ohromogens suoh as 
anthraquinone, acridine, oxazine, and thiazine. 

There is, however, one group of azines to 
which all the rules and general characteristics 
given above cannot very well bo opplied. Theto 
are the * Indanthrenos,* certain azines of the 
anthradhne group, which, owing to their large 
molecule and very complicated constitution, 
possess properties quite different from all the 
other azines. They are hi tensely coloured and 
extremely valuable as dyestuffs if applied to the 
textile fibre by the * vat process * like indigo. 
This poouliar mode of application brings them 
into close relationship with indigo, and Uiey will 
therefore be treated in this work under Indigo 
XND INDIOOXD DYXSTUFFS (^.t*.). 

(e) Description of some typical representatives 
of the azine group, 

Diphenazlne 



(Claus, Annalen, 168, 1 ; Bomthsen, Bcr. ID, 
3260 ; His, Ber. 19, 2206 ; Wohl, Bor. 34, 2443) 
has been obtained by the mothi^s 1, 2, and 4. 
It forms pale-yellow needles, of the m.p. 170*- 
171 , soluble in alcohol and most other solvents, 
It distils without decomposition. It dissolvei 
in strong acids, forming unstable salts of yellow 
and red colour. * 


Toluphenazine 



has been prepared by Merz (Bor. 19, 725) by tb 
action of pyrocatechol on orthotolylonediamin 
(method 4). It is very similar to diphenazim 
Its m.p. is 117®, its b.p. 360®. 

Naphthaphenasins 



has been prepared by Witt (Ber. 20, 571). Th 
best mode of obtaining it is by the deoomposi 
tion, by acid, of the azo- compounds derived fror 
phen) l-fl-naphthylamine, but it has also beei 
prepared by the action of fl-naphthaquinone oi 
orthophenylcnediamine and by simultaneou 
oxidation of the latter and fl-naphthoL It form 
yeflow needles, melting at 142‘5®,mli8tilling at \ 
high tempierature witnout decomposition, an( 
dissolving in sulphurio acid with a x^dish-browi 
colouration. On dilution, two sulphates crystal 
lise from this solution, lb is supposed that thi 
formation of two series of monaoid salts of thi 
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base is duo to either of the two nitrogen atoms In- 
coming pontarolent and saturated with the acid. 

Touinaphthazlnes CifHjsNs. Three sub- 
stances of this formula are known, the isomerism 
fk which has been discussed by Witt (Ber. 20, 
577). One of these, melting at 179*8* has been 
prepared by the simultaneous oxidation (Ber. 
19, 917) of orthotolylenediamine and ji-naph- 
thol (methods 6 and 7). Its constitution is 
expressed by the formula 



It dissolves in sulphuric acid with a violet colour- 
ation. The other is formed by the decomposition 
b^ acids of the azo- derivatives of paratolyl- 
i3-naphthylamine (Ber. 20, 677) (method 8). 
Its constitution is represented by the formula 



fts melting-point is 109®; its sulphuric acid 
rraction is siiiiilar to that of naphthaphen%zine. 
The third tolunaphthazino, discovered by 
liinsberg (Annalen, 237, 343o, 371) (method 3), 
has boon proved to consist of a molecular com- 
bination of the two preceding ones ; its melting- 
point is 130®-142*. 

Several otlicr tolunaphthazinos aro theore- 
tically possible. I’hey ha\e not, however, 
hitherto been prepared. 

Dlnaphthazines CjoHuNj. It has already 
been stated that Laurent’s mysterious * naph- 
thasc,* prepared by method 1, finally proved to 
bo dinaphtliazino. It is probable that Laurent’s 
prodiiot was a molecular combination of two of 
the four isomerio dinaphthazines foreseen by 
theory. A similar mixturd may be obtainei^l 
by reacting with o^-naphthylenediamine upon 
5-naphthaquinone (method 2). This method 
was used by Witt in his identification of 
Lsiirent’s * naphthase * (Bor. 19, 2791). For 
preparing the constituents of this mixture in a 
pure state the synthetical method 8 should be 
resorted to it consists in the decomposition of 
the azo- derivatives of the two isomeric (a, 0, and 
/3i8)-dinaphthylammes (Matthes, Ber. 23, 1329 
and 13^). The compounds thus obtained 
have the following constitutions and melting- 
points 



m.p. 28S®-284« a,/s.p,«. m.p. 242®-248°. 


The two other possible isomerides : 



may be obtained from jSjS-naphthylenedTamlne 
by the reaction of the two orthonaphthaquinones 
(method 2), but, so far, only the asymmctrioal 
one has been prepared by Otto Fischer anil 
Albert (Ber. 29, 2087). 

Azlnes ol the Phenanthrene group. Owing 
to the extreme facility and precision with which 
phenanthraquinone acts upon all orthodiamines, 
those azines are most easily prepared, and 
phenanthraquinone is commonly used for 
deciding the question whether any given 
aromatic diamine is an ortho- compound. A 
large number of azines has thus become known, 
of which only a few may bo described as typical 
representatives of the group. * 

Phenanthraphenazine C|oH,|Na (isomerio 
with dinapbthazino) may be obtained by acting 
on orthophenylenediamine with either phen- 
anthraquinone in an acetic acid solution (Hins- 
berg, Annalen, 237, 340), or with phenanthra- 
quinone sodium bisulphite in an aqueous solu- 
tion (method 2). It orystallises in pale-yellow 
needles, melting at 217*, and dissolves in sul- 
phurio acid with a beautiful red colouration. 
Its constitution is 

OIX^ 

A similar substance may bo obtained from 
orthotolylenediamine. It molts at 212*-213“. 

Phenanthranaphthazine CS 4 H 14 N 1 is easily 
obtained (Lawson, Ber. IS, 2426) from ortho- 
naphthylcnediamine and phenanthraquinone 
(methoa 2). It gives a violet colouration with 
sulphuric acid. M.p. 273*. The sulphonio 
acid derivatives of this substance, Cs 4 nis^i* 
SO3H, are obtained (Witt, Ber. 19, 1719 > 
21, 3485 eeq,) by acting with an aqueous 
solution of phenanthraquinone sodium bisul- 
phite upon the solutions of the various naphthyl - 
enediamine sulphonio acids in sodium acetate 
solution, acidulated \dth acetic acid. These 
sodium salts are soluble in pure water; very 
small quantities of alkaline salts are sufficient 
to precipitate them from these solutions. 

Chrs^toluazine CzaHiaNs and Chrysonaphth- 
azine CaaHjaNa have been prepared by Lieber- 
mann and Witt (Ber. 20, 2442) from ohryso- 
quinone and the corresponding orthodiamines 
(me^thod 2). The same authors obtained azine 
derivatives from the quinone of picene. 

Tolustilbazine Cj,H|aNj was discovered by 
Hinsberg, who described it under the somewhat 
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misleading name * Diphenyltoluqumoxalino ’ 
(Annalen, 237, 339). It is typical of the many 
azines which may be obtained bj^ the action of 
benzil upon aromatic orthodiammes. 

It separatee in silvery leaflets from an 
alcoholic solution of benzil mixed with a solution 
of orthotolylenediamine (method 2). It melts 
at 111®, and dissolves with a crimson shade in 
sulphuric acid. Its constitution is expressed by 
the formula 



The corresponding derivative of orlhonaph- 
thyleiicdiamine was prepared by lAwson (Ber. 
18, 2426). 

Toluindazine CigHuNs, the azlne derivative 
of isatine, has been prepared by Hinsberg 
(Annalon, 237, 344) from orthotolylenediamine 
and isatin, by melting together the ingredients 
(method 2) and crystallising the product obtained 
from a mixture of alcohol and acetic acid. It 
forms yellow needles, melting at 290®, and dis- 
solving in acida'Vith a brownish-red colouration. 
Its constitution is expressed by the formula 


H 



A large number of other less important azines 
have been prepared in experiments made with a 
view to showing that certain compounds 
obtained by the authors were cither orthodike- 
tones or orthodiamines. 

II. Colouring matters derived from azines 
(eurhodlnes and eurhodols). 


2. Another method of much greater applica- 
bility consists in reacting with a-diketones upon 
aromatic triamines, which contain two ammo- 
groups in ortho- positioil. Two molecules 
of water are eliminated for every molecule of 
eurhodine formed. Thus, for instance, a eurho- 
dine was obtained from triaminobenzone and 
phenanthraquinone (Witt, Ber. 19, 440) t 




3. Another method of considerable applica- 
bility consists in heating together nitroso-aminos 
(Witt, Ber. 21, 719) or quinonodiohlorimidoa 
(Niotzki a. Otto, Ber. 21, 1008) with aromatic 
amines in which the para- position to the amino- 
group is occupied by some radicle. Thus, for 
instance, a eurhodine is formed W heating 
together nitrosodlmethylaniline hydrochloride 
and iS-naphthylamine, in an acetic acid solution t 


HQ 



I /3-Naphthylamlne. 

NO 


It has already been said that by the intro- ; 
duction of an auxochromic group, NH, or OH, i 
into the molecule of an azmo, the latter is trans- 
formed into a colouring matter. The amino- 
derivatives of azines containing either one or 
several amino- groups, are embraced by the 
generic name of turhodines, whilst the name of 
eurhodoU has been given to the phenolic (OH) 
derivatives of the azines. The following is an 
enumeration of the various methods by which 
eurhodines and eurhodols have been obtained : — 

A. Exjbiiodinxs. 

1. By heating together any rrthamino-azo- < 
compound and the hydrochloride of certain I 
aromatic monoamines, such as, for instance, I 


a-naphthylamine or a-aminoquinoline, preferably 
in a phenol solution, monoamino -azines (the 
eurhodines proper) are obtained. It was by this 

E rocess that the first eurhodine was discovered 
y Witt in 1883 (Ber. 18, 1X19 ; 19, 441) bv 
heating orthaminoazotoluene with naphthyl- 
amine hydrochloride. In this reaction an ortho- 
diamine is formed by the reduction of the amino- 
azo compound, which combines with a-naphthyl- 
amine, hy^ogen being eliminated and absorbed 
by the amino-azo- compound still present. 



I 
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Aminonaphthaphenazine. 


4. Eiirhodinos proper may also bo obtained 
bv tho reduction (with ammonium sulphide) of 
nitro-azines. Thus, for instance, nitrophcno- 

S henanthrazine may be reduced into the eurho- 
ino aminophcnophenanthrazino (Heim, Ber. 21, 
2306). 

6. If certain azo- colours, such as chrysoldino, 
be heated with /B-naphthol, an eurhodine is 
formed : ( Ullmann and Ankersmit,Ber. 38, 1812) : 



Ohrysoidine 



6. Diaminoazines are formed by the de- 
composition of certain indam inos when their 
solutions are boiled for a certain time. Thus 
tolylene blue, the indamine produced by the 
action of nitrosodimethylaniline hydrochloride 
upon metatolylenediamine, is decomposed if 
its solution be boiled for some time, dimethyldi- 
aminotoluphenazine (tolylene red) being the 
pr^cipal product of this reaction (Witt, Ber. 
12, 931) ; 




nUtaMUB.. 

toluphraailne). 


7. Di- and polyamino- aiines may also be pre- 


pared by the oxidation of orthodiamines and of 
polyaroincs containing two amino- groups in the 
ortho- position. Thus 0. Fischer and £. Hepp 
proved (Ber. 22, 366) that the red substance 
which is formed by the oxidation of orthophenyl- 
enediamine and' which has been observed by 
many investigators (Grioss, Ber. 6, 202; Sal- 
kowski, Anniuen, 173, 58 ; Rudolph, Ber. 12, 
2211 ; Wieringcr, Annalen, 224, 353), is nothing 
else than diaininophcnazine. And Nietzki and 
Miiller obtained (Ber. 22, 447) by oxidising 
totra-aminobenzene with a curront of air tetra- 
aminophenazine. Aminooxyphenazinca may 
sometimes be found as by-products in this 
reaction (Ullmann and Mauthner, Ber. 35, 
4302 and tbid. 36, 4026). 


B. EnBHODOi.s. 


These may likewise bo prepared by various 
methoda. 

1. The sulphonio acids of azines, fused with 
potash, readily yield the corresponding oxyazines 
or eurhodols (Witt, Ber. 19. 2791). For instance : 


C,4H,,N,SOaNa-f2NaOH 
Sodium naphthaphenanthrazinesulphonate. 


»C,4H,,NaONa-fNa,gO,. 

Phenanthranaphthaeurhodol . 


2. Several eurhodines (amino* azines) yield 
the corresponding ciirhodol oA being heated 
under pressure with strong acids, a hydrolvsis 
taking place in the oircumstances (Witt, 

19, 444) : 


C,,H„N,*NH,+H.O-NH,+CmH„N,OH. 
Typical eurhodine. Kurhodol. 


3. Diazo-azincs, on being boiled with water, 
yield the corresponding eurhodols ; on being 
boiled with alcohol they yield tho alkyl ethers 
of these eurhodols (Witt, Ber. 19, 444) : 

C„H„N,*N ; N Cl+H.O 
Diazoourbodine chloride. 


«Ha+N,-f C, 

Eurbodol. 

C4,H„N, N ; N-a+CjH.OH 

«HCl+N,4-C„H„N,OC,H,. 

Ethyleurhodol. 

The following is an enumeration of those of 
the eurhodines and eurhodols which have been 
more closely investigated, the properties of 
which are typical for the whole class of colouring 
matters ; — 


Typical eurhodine CitHjsN, (Witt, Ber. 19, 
445). The mode of formation of this substance 
has already been given (Section A, 1). It is best 
prepared by heaung to 130* equal molecules of 
orbhoaminoazotolueno, of the mcltiim-point 
118*5*, and a-naphthylamine hydrochloride, dis- 
solved in phenol until the colour of the mix- 
ture, which is at first of an emerald green, has 
changed into a brilliant scarlet, 'rhe mixture is 
now treated with a large quantity of toluene, 
when the hydrochloride of tho new dyestuff is 
precipitated in a crystalline state. By reorysial- 
lisation from water acidified with hydroohlorio 
acid, it may be obtained in a pure state. From 
the pure hydroohloride the free eurhodine base 
is precipitated by alkalis or ammonia in the 
form of a yellow powder, which may be re- 
crystallised from aniline. Thus prepared, it 
forms glistening yellow prisms and needles of a 
dark-brown c(^ur. It dissolves in ether with 
a yellow colour and a magniflbent green flnores- 
oenoe, which is oharacteristio of all the members 
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o( tiuB i^roup of dyestuffs. Euihodine forms 
three senes of salts^ of which, however, only 
those with one molecule of abid are fairly stable, 
whilst those containing more acid are decom- 
posed by the addition of water. It is to the 
formation of these various salts that the peculiar 
change of colour is due wh'ch is observed on 
adding water to a solution of eurhodine in eon- 
contrated sulphuric acid. This solution is of a 
cherry-red colour. On adding a small quantity 
of water the colour changes to a fine emerald 
green, whilst still more water produces the 
scarlet shade of the normal sulphate. This 
change of colour, which is observed with all the 
eurh^ines, links them to their parent-sub- 
stances. the azines, ^ioh exhibit similar 
curious phenomena, and also to the safranines. 

The normal salts of eurhodine are well 
crystallised and of a bronzed copper colour when 
solid. In solution they exhibit a bright scarlet 
tint which they communicate to the fibre. 
These normal suts are. however, partially de- 
composed by an excess of water, the free eurho- 
dine base being regenerated. The same takes 
place if fibres dyed red with eurhodine be washed. 
The scarlet shade is gradually replaced by the 
yellow shade of the free eurhodine base. For 
this reason eurhodine has not found an applica- 
tion in the industry of artificial dyestuffs. 

Amlnonaphthaphenazine G]gH.iN, has been 
obtained bv Kietzki and Otto (^r. 21. 1598) 
from /9-naphthylamine and dichloroquinonimide 
(Ullmann and Ankersmit. Ber. 38, 1811). It 
cryatallises in dark-yellow noodles. Its salts are 
of a crimson colour. Its solution in ^ulphurio 
acid chauges by the addition of water from red- 
dish-brown through green into red. It forms a 
diazo- compound which, when boiled with alco- 
hol, yields the ordinary n^hthaphenazine, of 
the melting-TOint 142*6* The following com- 
pound is its mmethyl derivative : — 

Dimethylamittonaphthaphenazine C, gH uNg 
(Witt. Ber. 21, 719). This eurhodine, the forma- 
tion of which has been described under Section A, 
3. may easily be prepared in quantitjr by heating 
together 20 parts nitrosodimethylaniline hydro- 
chloride and 10 parts fi-naphthylaminc with 
60 glacial acetic acid; the reaction sets in 
below 100*. and is apt to beoome violent. The 
roduct changes to a fine violet colour. It is 
issolved in water acidified with hydroohlorio 
acid, and the filtered solution i^recipitated by 
the addition of sodium acetate. The crude eurho- 
dine which is thus precipitated may be purified 
by dissolving it in alcohol acidified with hydro- 
ohlorio acid. From this solution the norma] 
eurhodine hydroohloride crystallises in bronze- 
coloured neeues. From these ammonia liberates 
the free eurhodine base in the form of a scarlet 
crystalline powder. It may be reciystallised 
from boiling xylene; it is thus obtained in 
magnifloent crystals resembling nutgnesium- 
platinooyanide, melting at 205*. 

The change of colour of a sulphuric acid 
solution of tms eurhodine is not very marked, 
going from violet through black and green into 
violet. The ethereal sdution of the free base 
exhibits the brilliant fluorescence oharacteiistio 
of aJtt eu r ho^^^ ^ 

enrhodine was prepared 1^ Witt (Bct. 440) 
and by Heim (Ber. 21, SK)0) by the methods 


i given under Section A, 2 and 4. It orystallises 
from toluene in short, thick, yellow prismsg 
melting at 270*. 

Dlmethyldiamlnotoluphenazins ; Tolylene red 
CjgUigNg. The formation of this compound by 
the B]^ntaneoua decomposition of tolylene blue 
has been described under Section A, 6. 7'hia 
eurhodine forms, in a pure state, orange crystals, 
which contain 4 mola of water of orvstailisation ; 
at 159* this is given off and the anhydrous baso 
remains as a dark-red powder. The hydrated 
base is soluble in ether with a pink colour and a 
beautiful orange fluorescence, 'fbe solution in 
concentrated sulphuric acid is green ; on being 
diluted with water it changes through sky-bluo 
into red. The normal (monaoid) salts are 
pwfeotlv stable and soluble in water with a 
pink colour. This solution dyes unmordanted 
or mordanted cotton and other fibres a pink 
which in darker shades deepens into a ooppery 
red. 

The production of this dyestuff has been 
patented (Otto N. Witt, D. B.. P. 1527^ ; 
Eng. Pat. 4846, 1 880). The commercial product, 
which contains a certain amount of impurities, 
is sold under the name of * neutral red.' It is 
chiefly lined in calico-printing, and gives very 
fast and useful shades. 

A similar product is prepared from the in- 
damine which is formed by reacting with nitroso- 
dunethylamme hydrochloride upon metaphenyl- 
onediamine. It is embraced by the same patent 
and sold under the name of * neutral violet.* 

Typical eurhodol CifH|iN|OH (Witt, Ber. 
10, 444). This substance, the formation of 
which takes place according to the equation 
given under Section B, 2, forms small leaflets of 
a yellow or red colour which dissolve in oon- 
oentrated sulphuric acid with a red colouration, 
and are reprecipitated from this solution by the 
addition of water. Caustic soda solution dis- 
solves it with an orange shade. Thus it is shown 
that this eurhodol (Eke all compounds of the 
same class) exhibits both acid and basio pro- 
perties, the latter being due to the azine group 
contained in their molecule. 

Eurhodol CitHitNiOH. a-Hvdroxynaphtha- 
phenanthrazine om been obtained (Witt, 
Ber. 19. 2791) by the method described under 
Section B, 1, by the fusion of naphthaphen- 
anthrazino-a-sulphonio acid with oaustio alkalis. 
Its solution in sulphurio acid is of a fine and 
intense indigo-blue ; it changes very suddenly 
into red on the addition of water, the sulphate 
being precipitated. This substance is a y^ow 
oolounng matter which may be fixed on cotton 
with alum-mordant, like alizarin. Owiim, bow- 
ever, to its oostliness, it has not been fought 
into commerce. A large number of isomerioes 
may be prepared by starting from the numerous 
Bulpho- derivatives of orthonaphthvlenediamine, 
transforming them into azmesulphoiiates by 
condensation with phenanthra^ninone and into 
eurho^pls by subsequent fusion .with oaustio 

IIL Aienlum htiei md lafrgnliifi. ^e 
azonium bases are a class of comuounds of which 
our knowledge is very restriofo, rery few 
representatives of the dlass being at present 
known, and that rather imperfectly. They are, 
however, of importance, as it Is now Mtabliihed 
beyond doubt that they are the parent sub- 
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stances of the very important class of dyestuffs 
known as safranines. Although the first 
artificial dyestuff, mauvclno, was a true safra- 
nine, and although this grou^ of compounds 
has been frequently under investigation, a 
correct view of their constitution had not been 
obtained until quite recently. According to 
the theory now universally adopted, all safra- 
nines are amino- derivatives of azonium bases, 
to which they stand in the same relation as the 
eurhodines to the azines. Hydroxy- derivatives 
of azonium bases have also been prepared and 
described under the name of safranols. They 
are, however, of no importance as colouring 
matters. 

The azonium bases themselves, none of 
which has so far been obtained in a state 
fit for analysis, stand in the same relation to the 
azines as the ammonium bases to the amines. 
They are azines in which one of the nitrogen 
atoms has become pen ta valent by being satu- 
rated with three organic radicles and one acid 
radicle, the connection with the seconil nitrogen 
atom being still preserved by the fifth valency 
of the pentavalent nitrogen atom. Thus the 
characteristic constitution of the azonium com- 
pounds may be expressed by the general formula 





In which R* and Rn represent mono- and 
iivalent organic radicles, and a monovalent 
acid radicle. The azonium bases are compounds 
which possess strong basic properties, and which, 
by the tenacity with which they retain their 
acid radicle, strongly resemble the ammonium 
bases. It is probable that the free azonium 
bases eontain, like the ammonium bases, the 
hydroxyl group in the position X* of tho«abovo 
general formula. The azonium bases and the 
dyestuffs derived from them are also capable 
of tautomerio changes, which lead to their 
assuming quinonoid structures. The nature of 
these changes is in many cases doubtful and too I 
oon^lioated to be fully discussed in this article. | 

The azonium bases are strongly coloured 
substances, but their dyeing properties are 
developed and brought to perfection b^ the in- 
troduction of amino- groups into their molecule. 
As the azonium bases theoretically xiossible are 
very numerous, and eaoh of them is oapablo of 
producing very numerous isomeric mono- and 
polyamino- derivatives, the number of possible 
safranines is exceedingly large, and the number 
of those which have already been prepared is 
insimifioant in comparison with that fore- 
shadowed by theory. 

Of the safranines which have hitherto been 
prepared, only a few are monoamino- derivatives 
of azonium bases. A few more are of doubtful 
or unknown constitution. The majority are 
asymmetric diamino- derivatives of azonium 
bases, oontait^ng one amino- group in one of 
the diatomic oiganio radicles (Rii> whilst the 
other is attached to the monoatomic radicle (Rt). 

The true constitution of phenosafranine 
and its congeners has been recognised by Witt, 
who, after pointing out the analogy between the 


eurhodines and safranines (Ber. 18, 1119) and 
clearing up the constitution of the former (Ber. 
19, 446), proved the latter to be asymmetrio 
diaminoazonium bases (Ber. 19, 3121). Bcmth- 
sen had proposed (Ber. 19, 2690) somewhat 
earlier a symmetrical formula for the safranines 
based upon Witt’s eurhodine researohes. His 
view was subsequently adopted by some chemists, 
but the author of this article fails to see the force 
of the arguments adduced in support of it. bf. 
supplementary article. 

A. Azonium bases. 1. The typical compound 
was obtained by Witt (Bor. 20, 1183) by the 
reaction of phenanthraquinone on phenylortho- 
naphthylencdiamine. By heating these ingre- 
dients in an acetio acid solution an inter- 
mediate product is obtained, which on treat- 
ment with a mineral aoid is transformed into 
the salt of the azonium base : 



If nitric acid is used, the nitrate is deposited 
in very fine crystals. It is sparingly soluble in 
water, readily soluble in spirit with a fine 
orange-red colouration. The nydrochloride dis- 
solves in sulphurio acid with a violet tint, which 
changes into red on dilution with water. 

2 If in this reaction the phenylorthonaphthyl 
enediamine be replaced by phenylortho- 
phenylenediamine, the resulting compound is 
a yellow dyestuff of considerable strength. It 
is manufactured and sold under the name 
* Flavinduline * (1803). 

3. A very similar compound was obtained 
by Otto N. Witt and Christoph Schmidt in 
1892 (Bor. 26, 1017), by the reaction of benzil 
upon ethoxyphenylorthonaphthylendiamine.^ It 
called ethoxyphenylnaphthostilbazonium 
chloride and has the constitution : 


C.H, 





It is a beautiful yellow dyestuff, but too 
expensive to be prepared on a manufacturing 
scale. 

B. Safranines. The various colouring mat- 
ters belonging to this group have mostly been 
prepared by different synthetical methods, which 
may be classed in the following manner : — 

1. Reduction of the nitro- derivatives of 
azonium bases. By reacting with mononitro- 
phenanthraquinone or dinitrophenantbra- 
quinone on phenylorthonaphthylenediamine. 
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nitro- and dinitio- dorirativM of the above I 
aaonium base are obtained, which on reduction 
with ammomum sulphide yield reddish-violet 
oolourinff matters bdonnng to the safranme 
group (Witt, unpublished observations). 

2. If the stUbazonium base obtained by 
Witt and Schmidt, or any of its congeners 
prepared from ethylated arylorthonaphthyl- 
cnediamines be heated with ammonia, the 
ethoxy group is replaced by the amino- gioup 
and the corresponaing safranines are formed. 
This is quite a general reaction (Witt and 
Schmidt, Ber. 25, 2003 ; Witt and v. Helmolt, 
Bor. 27, 2355 ; Witt and Buntrock, Ber. 27, 
23G2). 

3. By the action of dichloroquinonimides 
upon secondary aromatic ammes, in which the 
para- position to the amino- group is occupied, 
monoamino-azonium bases are formed (Niotzki 
and Otto, Ber. 21, 1508). The reaction, for in- 
stance, between dichloroquinoniniido nnd phenyl- 
/B-naphthylamine may be roxiicsentcd by the 


equation : 



a 

1 



1 

N 

6 

\ 

^YY) 

I 

(j. 


Wx 

Pbenyl'g-iuiphtbylainiiis. 


Dtchloroauinoolmlde. 


H,N 



New dyestuff. 

4. In a similar manner nitrosodimethyl- 
miline (or any other nitroso-amine) reacts with 
^benyl-B-nnphthylaniine (Witt, Ber. 21, 719): 


HCI 



NltcosodlmethylanlUne 

hydrochloride. 



Ha-N(CH,), 


-f-SHgO-f* 


JfH, 


Dlmethylparaphenylp 
enedianiine mono- 
hydroeblorlds. 


I 


0. The safranines proper (asymmetric di- 
aminoazonium bases) are form^ by the joint 
oxidation of one molecule of diamine and two 
molecules of an aromatic monoamine. In this 
reaction fugitive indamines are formed as inter- 
mediate products; the process thus becomes 
strictly analogous to the formation of toluylene 
red and its oongeners. 

This is the process which is generally us^ 
in the nianiifacture of safranines, and it will 
therefore be fully explained. 

By the joint oxidation of an aromatic para- 
diamme with one molecule of an aromatic 
monoamine, an indamine is invariably formed 
(r. iNDXMiNBS). If these indamines be oxidised 
in the presence of another molecule of an 
aromatio monoamine, a saf ranine is formed i 



Paraphenyl- 

cucdiuuiJne. 


First Stage. 



Indamiuo. 


KH, 


Second Stage. 


Nil, 


iia 

Nfr, 


II 

0 


H V/ 

Aniline 

hydiuctdurlde. 


+20 


NH 

Indainlue. 



Of course, any other paradiamine may be 
substituted for paraphenyleuediamine, and any 
other monoamine for aniline. As, howover,*the 
formation of an indamine only takes place if the 
para- position to the amino- group be still free, 
it results, that at least one of the two moleoules 
of monoamines must fulfil this condition. Thus 
the formation of a safranine from paraphenyl- 
enediamine , takes place on oxidation of one 
molecule of the diamine with 

(1) Two molecules of aniline. 

(2) Two molecules of orthotoluidine. 

(3) One of aniline and one of orthotoluidine. 

( 4 ) One of aniline and one ofsiparatoluidine. 

(6) One of orthotoluidine and one of para- 

toluidine ; but it does not take place with one 
molecule of paraphenylenediamine and two of 
paratoiuidinc (Witt, J. Soc. Chem. Ind. 1882, 
256). 

On the other hand, the other of the two 
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molecules of monoamines must have a free ortho* 
posi tion in order to be capable of entering the 
reaction. Thus the iudamine of the i^ve 
formula forms safranines with all the primary 
aromatic monoamines of the benzene scries, with 
the exception of one xylidine and of mesidinc» 
of the respective formulto 

NH, NH, 

ch/Vh. ch,/\ch. 

because these two hare no free ortho- position to 
Ik) used for the formation of the azonium group 
(biietzki, Bcr. 10, 3017 and 3130). 

It is also necessary that this second molecule 
of monoamine be a primary base, whilst the one 
necessary for the formation of the indamine may 
bo either primary, secondary, or tertiary, pro- 
vided always that it possesses a free para- 
position. 

6. It is evident that the general process de- 
scribed under 4 may bo modified ; thus, for 
instance, the dipara-umino- dciivatives of 
secondary bases (being the leuco- compounds of 
indaminos) may be oxidised together with one 
molecule of a primary aromatic monoamine, 
\s hen a safranino is the result (see top of page,' 
second column) : 

7. Another modification (Witt, Ber. 10, 873) 
consists in heating aminoazo- compounds with 
the hydrochlorides of aromatic monuamincs. 


. The following is an account the more 
important and more thoroughly investigated 
I safranines ; — 

I A. Monamjno- Derivatives of Azonium 
I Bases. 

1. Aposafranlne, Monoaminophenylphenazo- 
nium cUoride, has been obtained by Nietzki 
, and Otto (Bcr. 21, 1736 ; see also Anna|pn, 
I 286, 188, and Ber. 30, 2624, and 33, 3078) from 
phenosafranine {see below) by diazotisin^ one 
of its amino- groups, and eliminating it by 
means of alcohol. It is a red dyestuff of no 
practical importance, but very interesting as 
prototype of the indulmo group (see under 
‘ INDULINES). 


V ■ T/'t 


Aniline 

hydroclilurlde. 


Dl|>ara-amlno- 

dlphonylamine. 


NH, 

Safronine. 


This is the oldest process for the manufacture 
of safranines. The mechanism of this reaction 
is inmplo. Part of the aminoazo- compound 
being reduced, a mixture of a paradiamine and a 
primary monoamine in molecular proportions is 
formed, which with the monoamine added in the 
shape of hydrochloride, is transformed into 
safranine by the dehydrogenating action of the 
remaining part of the aminoazo- compound. It 
is evident that the yield must be small in this 
process of manufacture, and such is actually 
the case. 

8. An asymmetrical safranine has been 
obtained by the reduction of pioryl-ortho- 
phenylenediadKne (Kehrmann, Ber. 33, 3074). 

9. Certain compounds belonging to the 
safranine group (mauvelne, &o.) are formed in 
a very complioatra reaction by the oxidation of 
heavy aniline alone; on continued oxidation 
roauvelne is converted into a safranine (Perkin, 
Boy. Soo. Proo. 86, 717). 


2. Red dyestuff C 2 ,Hi,N,a. Obtained by 
I the action of dichloroquinonimide on phenyl- 
iS-naphthylamine, was prepared by Nietzki and 
Ottu (Ber. 21, 1598) by heating the ingredients in 
molecular proportion in alcoholic solution on 
the w'atcr-bath. The nitrate forms green needles 
or prisms which are soluble in water with a 
magonta-red colour. The hydrochloride dis- 
, solves in sulphuric acid with a red colouration, 
I which on dilution changes through green into 
: red. 

I 3. Violet colouring matter C, 411 . oN, a. Pro- 
pared by Witt (Ber. 21, 719) by acting with 3 
molecules of nitrosodimetiiylaniline hydro- 
chloride in an acetic acid solution on 2 molecules 
of phenyU^-naphthylamine. This is the di- 
methyl- derivative of the preceding substanoo 
The hydrochloride forms large black needles 
■ soluble in water, with a fine violet colour. The 
. free base, C, 4 H,oN,*OH, is liberated from the 
I salts by caustic alkalis only. It is insoluble in 
water, soluble in alcohol, w'ith a red colour and 
a fine orange fluorescence. It is sold as ‘ neutral 
blue.* 

! 4. Violet colouring matter C^H^N.Cl. Pre- 

i pared by Witt (Ber. 21, 719) from paratolyl- 
is-naphthylamine in exactly the same manner as 
the preceding substapoe, of w'hicb this is the 
next homologue. Violet soft needles, resem- 
bling in their colour and reactions the phenyl- 
derivative. 

The above substances have been patented 
(Otto N. Witt, D. R. P. 10224, dated Peb. 18, 
1882). 

6. Basle blue 0,.H,,N4C1 is a fine blue 
dyestuff prepared (T. Annaheim, Ber. 20, 
1371 ; Durand and Huguenin, Ger. Pat. 40886) 
by the reaction of nitrosodimethylaniline 
hydrochloride on the paratolylnaphthylene- 
diamine w'hich is formed by heating Ebert 
and Merz’s dihydroxy naphthuene with para- 
toluidine hydrochloride. It forms a brown 
orystalline powder, soluble in water with a 
bluish-violet shade. In concentrated sulphuric 
acid it dissolves with a greenish-brown shade, 
which changes through green into violet on 
dilution. 

6. Aslne green C,oHy,N«Cl is formed by 
the reaction of nitrosodimethylaniline hydro- 
chloride upon 2 - 6 • diphenylnaphthylenedia. 
mine. 

7. Induliae searlet Cx,Hi,N,Cl, a very 
beautiful red dyestuff discovered by Schraube 
(D. R. P. 77266 ; Eng. Pat. 10138A, 1892), and 
manufactured by the Badisohe Aniline and Soda- 
Fabrik.ia really not an indulfiie, but a Safranine. 
It is prepared by melting together Ahe hydro- 
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eh'oridd of anilinacoethylpantioluidine and a- 
naphthylamine. The reaction is strictly analo- 
gous to the fonnation of the typical eurhodine. 

(Induline scarlet is used as a catalyst in 
discharge printing in some cases (r/. D. R. P. 
184381). Rongahto special (B. A. 8. F.) and 
hydrosulphite cone, special (M. L. B.) both con- 
tain induline scarlet. — F. A. M.) 

B: Dumino- Bebivativxs of Azonium Bases. 

1. Phenosafranlne CigHi 5 N 4 Cl. Discovered 
by Witt (exhibited in Paris in 1878 ; and men- 
tioned in the catalogue of Jllcssrs. Williams, 
Thomas & Dower, closely investigated by 
Nietzki (Ber. 16, 464) and by Binds jhcdler 
(Ber. 13, 207 ; Hi, 865). 

It was with this compound that the mode of 
formation of the safranines and their chemical 
properties were dehnitely ascertained, chiefly by 
R. Nietzki, whose brilliant researches on this 
subject did much to clear up the chemistry of 
this group. 

l^enosafranine is prepared by the joint 
oxidation of paraphenytenediamine and aniline. 
The mechanism of this process has already been 
discussed. A dilute aqueous solution of the 
normal hydrochlorides of these bases is used, and 
their oxidation is accomplished by adding 
potassium or sodium bichromate or manganese 
dioxide in the necessary proportion to the hot 
solution. The blue colour of the indamme 
which appears at first is immediately replaced 
by the red colour of the safranine formed. A 
certain quantity of insoluble dark by-products 
is always formed, but by careful work the yield 
of pure safranine m^ be raised to 70 p.c. of the 
theory. When the oxidation is finished, soda solu- 
tion or chalk is added in order to precipitate the 
impurities, and the liquid is filtered. By adding 
a small amount of nitric acid and some sodium 
nitrate to the filtered solution, the nitrate of thoj 
safranine crystallises out ; or the chloride may 
be prepared by adding common salt to the solu- 
tion after acidifying it with hydrochloric acid. 
By repeated reoryatalliaation from water or 
alcohol, the phenosafranine is obtained in a 
state of purity, in the form of magnificent green 
needles. The sulphate forms blue needles. The 
platinum salt (Ci,H| 4 N 4 Cl)sPtCl 4 forms in- 
soluble shining leaflets. Phenosafranine forms a 
diacctvl- derivative on boiling with acetic an- 
hydride in the presence of dry sodium acetate 
It forms two aiazo-derivatives, of which the 
first 

C„H„N,C1 
: N-a 

is rather stable and soluble in water, with blue | 
colouration. The other diazo- compound 

: N-Cl 

■ Cj.HnNpi 

; N<31 

is very unstable and of a green colour. 

Phenosafranine dyes wool, silk, and cotton a 
mimnifioent pink. Its aqueous solutions arc red 
anashow no fluorescence, whilst alcoholic 8olu« 
lions show a marked greenish-yellow fluor- 
osoenoe. Phenosafranine dissolves in con- 
oentrated aulphurio acid with a green colouration 
which changes through blue into red on dilution. 


thui indioatin? the aotual existence of the three 
series of salts foreshadowed by theory. 

If phenosafranine or its homologues be 
diazotiM and then combined with 3-naphthol, 
beautiful basic blue dyestuffs are obtained, 
which are largely prepared and used for cotton- 
dyeing and oali'oo- printing under the name of 
* Indmne blue.* 

The alkyl- derivatives of phenosafranine are 
interesting colouring matters, some of which 
have found an industrial application. Thov 
have not been prepared by introducing alkyl- 
roups into ready. formed safranine, but rather 
y direct synthesis from suitable raw materials. 
Elach of them exists in two isomerio modifica- 
tions, according to the amino- group into which 
the alkyl- group has been introduced. The two 
amino- groups of phenosafranine being asym- 
metrio, and therefore not equivalent to one 
another, must of nocossity produce different pro- 
ducts on being alkylated. 

a-Dimethylsafraiiine C 2 eH, 4 N«Cl is produced 
by the simultaneous oxidation of one molecule 
of paraphenylcnedimethyldiamino with two 
molociilos of aniline. 

It IS a dyestuff of a magonta-red shade. Its 
nitrate crystallises in green needles (Bindschcdler, 
Ber. 16, 869). 

^-Dimethylsafranlne is obtained by oxidising 
a mixture of one molecule of paraphenylone- 
diamine with one molecule of aniline and one 
molooule of dimethylanilino. Its shade is 
similar to that of the preceding one ; its nitrate 
forma brown leafiots (Nietzki, Ber. 19, 3017 and 
3136). 

The two diethylsafranlnes are obtained in 
a similar manner. Their chlorides form green 
needles which dissolve in water with a violet 
shade (Nietzki, Ber. 16, 464). These sub- 
stances, and especially the a- derivatives, are 
manufactured under the name of Fuchsia, 

Tetramethylsafranine (BindscheiUer, l.c.) and 
tetraetbylsaf ranine (Nietzki, l.e,) may bo pre- 
pared by the joint oxidation of one moleoule of 
paraphenylenodi methyl- (or diethyl-) diamine 
with one molecule of aniline and one molooule 
of dimethyl- or diotbylaniline. Those substances 
have been sold unaor the name of AmetkvsL 
Their shade is a magnificent violet, with a fine 
crimson fluoresoence. Unfortunately, they are 
very fugitive. 

2. Tolusafrinlnes (Hofmann and Geyger, 
Ber. 6, 526, and very numerous other puDli- 
cations) Ct|H,iN|Cl. A mixture of the iso- 
merides of this formula is the safranine of 
commerce. It is prepared by the oxidation of 
a mixture of paratolylenodiaroine with the two 
toluidinoB. This mixture is obtained by treat- 
ing throe molecules of the orthotoluidine of 
commerce (which contains from 6 to 10 p.o. of 
paratoluidine) with two molecules of hydro- 
chloric aoid and one molecnle of sodium nitrite 
dissolved in as little water as possible. A thick 
heavy oil is the result, which is merely a solution 
of amino-azotoluene in the excess of toluidine 
present. By dissolving this oil in hydroohlorio 
acid, and r^ucing it with eithflr zmo-dust or 
iron borings, the amino-azo- compound is split 
up into paratolylenediamine and orthoto- 
luidine; consequently, the aqueous liquid pro- 
duced contains the bases in the necessary 
'proportions for the production of safranine. 
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The rest of the treatment is exactly similar to) 
the one dosoribed for phono-safranino. The 
safranine is precipitated from the liquid by the 
addition of salt. By redissolving it in water, 
boiling with a small quantity of potassium 
bichromate, treating it afresh with milk of lime 
or fhalk, and reprecipitating the filtered liquid 
with clean salt, the safranine is purified so as 
to give the brightest shades on dyeing. Safra- 
nine prepared with a toluidine rich in para- 
toluidine is very insoluble in cold water, and 
therefore generally disliked by the dyer. The 
presence of aniline has not the same disagree- 
able effect: some manufacturers therefore use 
the first runnings of the magenta process, which 
consist of aniline and orthotoluidipe, and con- 
tain no paratoluidino, as a suitable raw product 
for the manufacture of safranine. The safra- 
nine of commerce forms a brown powder which 
dissolves readily in hot water. It dyes a bluish- 
ink on textile fibres, and was chiefiy used for 
yeing cotton. The introduction of the so- 
oalled substantive azo- colours, derived from 
benzidine and its congeners, has much diminished 
the use of safranine. 

3. Oirofle. A dimethylphenoxylosafranine 
has been produced by heating nitrosodimethyl- 
aniline hydrochloride with xylidine, and sold 
under the above* name as* a violet colouring 
matter of a pleasing shade. 

4. Safranisol Ci|H|s(00H,)sN4‘Cl is a sub- 
stance which has been obtain^ by Nietzki by 
the joint oxidation of one molecule of para- 
phenylenediamine with two molecules of ortho- 
anisidine. It dyes a very beautiful yellowish- 

ink with a yellow fiuorescence. This product 
as boon patented (Kalle & Go., D. K. F. 24220 ; 
Kng. Pats. 218, 1883 and 3005, 1883), but owing 
to tho high price of its production it has been 
unable to compote with tho eosin colours, 
which arc perhaps still more bnlliant in shade. 

6. Magdala red This old and 

very beautiful colouring matter is the safranine 
of the naphthalene series. It was discovered by 
Sohiendl and first investigated by Hofmann 
(Bor. 2, 374), who, however, owing to the great 
difficulties of its analysis, assigned to it the 
erroneous formula CaoHaiN,*HCl. After a 
revision of the analytical data by Julius (Ber. 
19, 1365), its true composition was established. 
This substance cannot be prepared by the 
usual oxidation process from paranaphthylene- 
diamine and naphthylamino because para- 
naphthylenediamino is at once transformed into 
a-n»phthaquinone even by the feeblest oxidising 
agents. Magdala red has therefore to bo pre- 
pared by the old process of heating a-amino- 
azonaphthalene with a-naphthylamine acetate. 
The onief product of this reaction is rhodindine, 
the induline of the naphthalene series (v. Indxt- 
LiNXS) ; but a small proportion (6-8 p.c.) of 
Magdala red is formed at the same time. This 
is extracted from the melt by repeated treat- 
ment with boiling water, in which it is sparingly 
soluble. On cooling, this solution deposits 
the dyestuff in the ^apq of gelatinous flakes. 
It is purified ty repeated crystallisations from 
>vator. When pure, it forms a dark crystal- 
line powder, which dissolves in alcohol with a 
pink colour and a magnffioent orange fluores- 
cence. It is used for dyeing light pinks on silk, 
but is now rapidly being replaced by rhodamino 


V, TRI!:>HflNYLMlTH COLOURING MITTBBS) If 
ready-formed paranaphthylenediamine be added 
to the magenta- melt, the proportion of Magdala 
red formed is considerably mcreased (Otto N. 
Witt, D. R. P. 40868). It is thus shown that 
Magdala red is, after aU, only a product of the 
joint oxidation of paranaphthylenediamine and 
a-naphthylamine. 

/The pure salts of Magdala red, when re- 
crystallised from spirit, form green needles with 
a metallic lustre. The chloride, sulphate, pi- 
crate, and platinum double chloride have been 
prepared and analysed. These salts dissolve in 
concentrated sulphuric acid with a blue- black 
colour which changes into red on dilution. 

Mixed Magdala reds have been prepared 
either by heating amino-azonaphthalene with 
aromatic monoamines of tho benzene scries (M. 
T. Leoco, Ber. 7, 1200), or by heating aminoazo- 
compounds of the benzene scries with para- 
naphthylenediamine hydrochloride and aniline, 
toluidine, or even phenol (Otto N. Witt, D. R. P. 
40868). These dyestuffs resemble Magdala red 
in their proprties. 

6. Indazme is the commercial name of a 
safranine dyo, which is obtained by heating 
the symmetrical diphonylmetaphenylenediamine 
(prepared by heating resorcin with aniline 
hydrochloride in the presence of zinc chloride) 
with nitroBodimethylanUmo hydrochloride. Its 
constitution may be inferred from its analogy 
to the violet dyestuff prepared from nitrosodi- 
methylanilioe and phenyl-fl-naphthylamine. It 
is a serviceable blue, of considerable intensity, 
but little brilliancy of shade. 

Mauveme Ci 7 H|,N 4 Q. This subtance, tho 
oldest of all tne artificial colouring matters, is 
still manufactured in a small way, and sold under 
the name ot rosoiane. It was discovered and 
examined by W. H. Perkm (Roy. Soc. Proo 36, 
717 ; Eng. Pat. 1984, 1856). who also described 
the mode of its production. It is prepared by 
oxidising heavy aniline with potassium dichro- 
mate, and oxtraoting the mauveine formed with 
water or spirit from the black insoluble mass 
which is the chief product of the reaction. A 
dyestuff rosemblmg mauveine in all its properties 
may be prepared by the reaction of nitroso- 
diphenylamine on aniline (Otto Fischer and 
Hepp, Ber. 21, 2617) or by the joint oxidation 
of diphenylmetaphenylenediamin'e and para- 
pbenyienediamine or meta-aminodiphenylamine 
and para-aminodiphenylamine. These syntheses 
are a clue to the constitution of mauveine, 
which has been a mystery for nearly half a 
century— it stands revealed as phony Iphenosa- 
franine. The above synthetical metnods have 
been adopted for the mdustrial preparation of 
mauveine, as they give better yields than 
Perkin's old process of oxidation. Mauveine 
IS generally sold in the shape of a violet paste. 
It is insoluble in cold, sparingly soluble in hot 
water, easily soluble with a fine purple shade in 
spirit. Concentrated sulphuric acid dissolves 
it with an olive-green colouration, which on 
dilution with water changes through green and 
blue into purple. Mauveine still holds its own 
against the cheaper new violets on account of 
its great fastness to light and other influences. 
It is used for shading the white in bleached silks, 
and also for printing on paper. (It was also used 
for printing the old violet penny postace stamp.) 
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Manyelne yields on oxidation a pink dyestuff 
which Is sui»po8ed to be identical with ordinary 
phenosalranme. In our opinion this statement 
requires confirmation. O. N W. 

Addsnuum. 

Since the forgoing article was revised by 
the late Prof. Witt were has been relatively 
slight activity in the azine group of dyes, such 
developments as have taken place being chiefly 
theoretical ; on the technical side a mw new 
or improved methods of preparing azine deriva- 
tives have been patented, and are noted later, 
but substantially the situation remains much as 
it was, no striking advances having been made. 

So far as concerns the theory of the structure 
of the dyes of this class, we may note that the 
general consensus of opinion amongst chemists 
is that the ortho-quinoid formulation is, on the 
whole, in better agreement with the known facts 
than the older para-quinoid structures ascribed 
to them by Witt, and, in addition, safranine, one 
of the most important members of the azine series, 
is usually given a f^mmetrical formula rather than 
the unsymmetrical formula favoured by Witt. 

We may therefore note shortly the chief 
grounds upon which these alterations are based : 
lirst as regards the symmetrical formulation, 
Nietzki showed that the same phenyl-saf ranine 
was obtained by condensing {n) phenyl-m- 
phenylenediamine and phenyl-p-phenylenedi- 
amine; (ft) diphenyl-m-phenylenediamine and 
p-phenylenediaminc, according to the schemes : 

A 


(a) 


,H. Cl 


(i) 


'- 0 ^ 0 -’ 




C.H.HN- 


A result that appears hardly explicable if we 
assume a i^mmetrical formula for the safranine. 

Further, the i^thesis of safranine from 
tn-aminodiphenylamine and p-phenylenediamine 
also points in the same direction, since a safra- 
nine is also produced if mcthyl-m-phenylene- 
diamine be used in place of phenyl-m-phenylene- 
diamine, a result clearly incompatible with an 
unsymmetrical formula, for whilst the methyl j 
group can replace the phenyl group attached 
to the azonium nitrogen on the symmetrical 
formula, it cannot possibly replace one of the 
benzene nuclei of the azine ring system as would 
be demanded by the un^mmetrical formula. 

Nietzki claimed to have shown the existence i 
of two isomeric diethyl safranines whkh he 

mii^e, and from am^e, +p-phenylened4mme 
4-diethylaniline respectively, and quoted this 

VoL. I— sr. 


as an argument in favour of the unsymmetrical 
formula. Kdmer and Sohraube, hovrever (Ghem. 
Zeit. 17» 306), destro^red this argument by 
showing that the two isomers were identical. 
A further argument in favour of the unsym- 
metrical formula was brought forward by 
Barbier and Sisley (Ann. Chim. Phys. 1908, 06), 
who claimed to have proved the existence of 
two isomeric safranines, an unsymmetrical and 
a symmetrical, the technical dye consisting of a 
mixture of both forms. Hewitt, Newman, and 
Winmill have, however, contradicted this state- 
ment (Chem. Soc. Trans. 1009, 06, 677). Havas 
and Bernhard (Ber. 40, 272.3) also claim to have 
proved that phenosaf ranine is homogeneous, 
and that Barbier and Sisley’s two products are 
either different hydrates or homologues which may 
be present in the purest commercial safranine. 

The balance of evidence appears, therefore, 
to be strongly in favour of the symmetrical 
formula for the safranines : 


II,N 


(x;x) 

CK I 


NH. 


As regards the vpxed question of ortAo- 
versus para- quinoid Mructure, we cannot say 
that this is finally settled, as there is little doubt 
that, in certain cases, at all events, tautomerism 
occurs between the two forms. 

Assuming the correctness of the symmetrical 
arrangement discussed above, we nave three 
possime methods of writing the structural 
formula : — 



0 0 

H.nA/'\s/V 

6 


^NHHCa 


II. 


O^X) 

njN/X/Xii/N/NNHj 
a/ 1 

0 


III. 


(For a fourth suggested formula, cf. Balls, 
Hewitt, and Winmill, Chem. Soc. Trans. 1012- 
101, 1840.) 

2 0 
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Of these, formala I., originally proposed by 
Bemthsen (Ber. 19, 2690), is constructed in 
accordance with the older ‘ peroxide * formula 
for quinone, which is not used now, and may 
therefore disregarded. 

Between II. and III., the para-quinoid and 
the or/Ao-quinoid formula?, a decision could be 
arrived at by the behaviour of the substan'^e 
with nitrous acid, since II. contains only one 
amino- group, whilst III. possesses two. One 
amino- group can be readily removed by diazo- 
tisation in the ordinary way, yielding aposafra- 
nino, whilst the second group is considerably 
more resistant; but Kehrmann (Ber. 1890, 29, 
2310), by diazotising the sulphuric acid solution 
of aposaf ranine, succeeded in removing the 
second amino- group, obtaining by this means 
phenyl phena/.onium chloride : 



which can only have an or/Ao- quinoid structure 
(c/. also Nietzki, Ber. 29,^771). 

A further proof bynKehrmann (Ber. 30, 
1660, 2620 ; 33, 396) consists in the fact that 
on treating phonylphenazonium chloride with 
ammonia an amino- group is added on (just as 
quinone, for example, adds on hydrochloric 
acid) yielding Icucoaposafraiiino j 



which oxidises at once in air to aposafranine 
itself ; if the latter bo then acetylated and 
again treated with ammonia a further amino- 
^oup is added on yielding acetylphcnosaf ranine ; 



-fO-fNH 

NHC(X!ir, 


s 



Snob a ^rnthesis is readfly explicable on the 
orfiio-qumoid h 3 ipothe 8 i 8 , but it would be difficult 
to understand how ammonia could add on to 
the non-quinoid nucleus were the para-quinoid 
structure accepted. 

We may therefore take it that the behaviour 
of the azine group of dyes can be best explained 
by the assumption of an orfAo-quinoid structure, 
but the possibility of tautomeric change into 
the p-quinoid form must not be lost sight of. 

Kehrmann, Havas, and Grandmougin, and 
their pupils, have carried out a good deal of 
research in recent years on the structure of the 
azine dyes. In particular, they have examined 
the behaviour of^somo phenazonium compounds 
with varving concentrations of sulphuric acid. 
As is well known, by increasing the concentra- 
tion of the acid striking colour changes are pro- 
duced, and the results obtained show that, 
with few exceptions, the number of colour 
changes produced increases with the number of 
amino- groups present in the molecule, which 
they explain by assuming that salt formation 
bakes place step-wise, each transformation of a 
basic into a salt group causing a colour change. 

Frequently the second salt of a diamino 
compound exhibits colour and spectral relation- 
ships identical with those shown by the salt of 
the monoamino compound, the effect of the 
acid being to neutralise the chromophoric effects 
of the particular amino- group, p,.g. the ‘ second ’ 
colouration of 1:3, 3:7, or 3:11 diamino- 
phenylphenazonium salts is the same as that of 
the 3-amino- compound * first * colouration (Ber. 
10, 2802). 

Where this rule does not hold good the 
assumption is made that a change has occurred 
from ortho- to para-quinoid structure, or vice 
versa. 

Most of the researches of these investigators 
are of too theoretical a nature to bo considered 
in the present article, but it is worthy of note 
that they bring forward evidence which tends 
to show that the assumption of such a change 
in the structure of azine dyes from ortho- to 
para-quinoid rests to some extent on an experi- 
mental basis. Thus Grandmougin and Smirous 
(Ber. 40, 3426) consider that the green tri-acid 
safranine salts obtained on solution in sulphuric 
acid are mixtures of a yellow o-quinoid, and a 
blue p-quinoid compound, and it was found 
that on treating such green solutions with 
.sodium nitrite they at first undergo only partial 
diazotisation, but on standing for some days the 
para- form is slowly rearranged into the ortho- 
quinoid form, and is bis-diazotised so that on 
pouring into alcohol phenylphenazine is formed. 

Balls, Hewitt, and Newman (Chem. 8oc. 
Trans. 1912, 101, 1840), from an exammtion of 
the absorption curves of various azine dyes, 
consider these to confirm the tautomeric struc- 
ture of the safranines, the structure changing 
from ortho- to para-quinoid, according to con- 
ditions : 
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Regarding other recent developments we 
may note that phenazine has been produced 
by Zerevitinov and Osstromuisslenski (Ber. 44, 
2402) by heating nitrobenzene with barium oxide 
at 200°-280° C., the only other substance pro- 
duced being aniline. 

Another synthesis from o-nitraniline and o- 
nitrobrombenzene, using cuprous chloride as a 
catalyst, is described oy Eckert and Steiner 
(Monatsh. 1914, 36, 1153). 

On the purely technical side we may note 
that Bayer & Co. (D. R. P. 230466) describes 
the production of green azine dyes of the 



from 1 : 3-diarylna^thylene diamines or their 
Bulphonio acids. By oxidising alkylbenzyl- 
aniline sulphonic acids with derivatives of 
diphenylamme sulphonic acids of the general 
formula : 


(H,N) (SO,H) : C.H, NH C.H4 X 
(X— hydrogen or aralkyl) 

to the corresponding indamine, and then the 
latter with an aromatic amine, safranine sul- 
phonic acids are produced (Akt. ges. f. Aniline 
Fab. ; Fr. Pat. 417669). 

In Fr. Pat. 426790 (D. R. P. 243491) the 
Farbwerke Hochst claim the production of a 
safranine disulphonic acid by the joint oxida- 
tion of p-iminodiphenylamine sulphonic acids, 
Bulphanilic acid, and monosulphonic acids of 
tertiary amines in which the para- position is 
free, such as aikyl-benzyl-aniline sulphonic 
acids. 

J. D. Riedel claims the manufacture of 
azine dyes by the action of m-toluyicne diamine 
and \a-naphthylamine upon p-nitroso phenyl- 
' le (Eng. Pat. 22694, 1913; D. R.* P. 
8 ). 


Baaio safranine dyes resnlt from the oon* 
densation of nitrosomethyl-e-toluidine and m- 
aminomethyl-p-toluidine, giving yeHowish-red 

S rints on cotton. A better method is to pro- 
uce these safranine dyes b^ oxidising a mixture 
of methyl-p-toluylonediamino and methyl-m- 
toluylenediamine (Durand, Huguenin & Co., 
Eng. Pat. 2933, 1916; D. R. P. 282346, 
287271). 

Bayer & Co. claim the production of com- 
pounds of basic dyes of the safranine series by 
converting the dyes or their salts into the corre- 
sponding gallocarboxylic acid salts (D. R. P. 
285500). 

A somewhat fresh application of safranines 
is given by the Saccharin Fabrik vorm. P^ahlberg 
List & Co., who claim the treatment of pheno- 
safranine and its hoinologues with mercury 
salts, the resultant merouriscd safranines 
possessing therapeutic properties (D. R. P 

Another therapeutic use for safranine derive 
tives is described by the Akt. Qos. f. Aniline 
Fab. (Fr. Pat. 463357), who claim the prepara- 
tion of a substance by combining tolusaf ranine 
with tannin in hot 8 p.o. soda lye, and pre- 
cipitating the product with salt ; it forms a red 
powder tuigiitly soluble in water, soluble in con- 
centrated sulphuric a6ld to a green solution. 
It has no purgative action, and may be used as 
a drug for the treatment of trypanosoma and 
other protozoic infections. 

Finally, it should be noted that recent work 
by Green and others (Ber. 44, 2570 ; 45, 1955 ; 
46, 33 ; Proc. Chem. Soc. 28, 260, 1912 ; Chem. 
Soc. Trans. 97, 2388) has proved that aniline 
black is a complex azine derivative {we Aniliniq 
blaok). The mdulines and nigrosines are also 
complex derivatives containing azine nuclei 
{we iNDULiNES and Nigrosines). 

F. A. M. 

AZOBENZENE qN,. A product of the 
partial reduction of nitrobenzene, obtained by 
Mitsoherlich (Annalen, 12, 311) by boiling an 
alcoholic solution of nitrobenzene with potash 
and distilling the product. 

Preparation . — Azobenzene is obtained by 
acting with sodium amalgam (4-5 p.c. of 
sodium) on nitrobenzene dissolved in ether con- 
taining water (Worigo, Annalen, 136, 170; Aleze- 
jeff, J. 1864, 525 ; Hasenack, Ber. 5, 367) ; the 
product, according to Alezojefif (J. 1867, 503) is 
azobenzene or azoxybenzene, acconling as the 
sodium amalgam or nitrobenzene is in excess. 
On the largo scale azobenzene is prepared by the 
reduction of nitrobenzene in alcoholic solution 
with zinc-dust and aqueous soda. In this re- 
action the reduction tends to go further, and 
some hydrazobenzene is also obtained ; this, 
however, is readily oxidised to azobenzene if 
nitrous fumes are passed into the alcoholic solu- 
tion of the product (AlexejefiF, J. 1867, 603). 
Azobenzene can also be prepared by distilling 
azoxybenzene (1 part) with iron filings (3 parts) 
(Schmidt and Schultz, Ber. 12, 484) ; by heating 
nitrobenzene on a water-bath with the calculated 
quantity (2 mob.) of stannous chloriA dissolved 
in excess pf aqueous oaustio soda (Witt, Ber. 
18, 2912) ; by r^ucing nitrobenzene in alcoholic 
solution with magnesium amalgam (yield 95 p.o.) 
(Evans and FetMh, J. Amcr. Chem. Soc. 1904, 
1158); by reducing nitrobenzene with alkali 
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sulphide in the presence of alhali (Farb. Torm. 
Meister, Laciiu, and Brfininjr, D. R. P. 21624tt, 
J. fioo. Chem. Ind. 1909, 1310); by heating 
nitrobenione with charcoal and alkali (Farb* 
vorm. Fried. Bayer A tJo., D. R. P. 210»S05; 
Chem. Zentr. 1909, 2, 163); bv treating phenyl- 
hydrazine with bleaching powder solution (Brun- 
ner and* Pelet, Ber. 1897, 284). Azobenzene 
can bo prepared by the electrolytic reduction 
of nitrobenzene in the presence of alkali (Elba 
and Kopp, J. Soo. Chem. Ind. 1898, 1137 ; Lob, 
Ber. 1900, 2329 ; Farb. vorm. Fried. Bayer A 
(;o., D. R. PP. 121899 and 121900; Chem. 
Zentr. 1901, 2, 163; Farb. vorm. Meister, 
Lucius and Briining; D. R. P. 141636; Chem. 
Zentr. 1903, (i.) 1283 ; and Farb. vorm. Weiler- 
ter-Meer,D. U. P. 138490; Chem. Zentr. 1903, 
(i.) 372). 

Properties. —Azobenzene crystallises in large 
yellowish-rod crystals belonging to the mono- 
clinic system (Boeris, R. Accad. Lincei, [6] 8, i. 
‘676), and to the rhombic system ( Alexejoff, Chem. 
Soo. Abstr. 42, 966) ; melts at 688, boUs at 293% 
and is readily soluble in alcohol and ether, in- 
soluble hi water. From benzene it crystallises 
with benzene of crystallisation in rhombic prisms, 
which lose benzene on exposure to tne air. 
Weak reducing agents, such as ammonium sul- 
phide or zino-rfust in alkaline solution (Alexe lefi, 
Annalen, 207, 327) or phenylhydrazine (Walther, 
J. pr. Chem. 1896, 64, 433), convert azobenzene 
into hydrazobenzono, but benzidine is obtained 
when stronger reducing agents such as sul- 
phurous acid or hydrogen iodide are employed 
(Bordenstoin, D. R. P. 172569; J. Soo. Chem. 
Ind. 1907, 272), or the alcoholic solution is 
treated in the cold with stannous chloride and 
a little sulphurio acid (Schultz, Ber. 17, 464 ; 
Mentha and Heumann, Ber. 19, 2970). Azo- 
benzene can also be eleotrolytioally reduced to 
benzidine (Lob, Ber. 1900, 2329 ; when heated 
with ammonium hydrogen sulphite and alcohol 
under prossuro, it "is converted into benzidine- 
sulphamio aoid (Spiegel, Ber. 18, 1481). When 
melted with p-phonylonedi amine in the 
presence of ammonium chlorido, it yields a 
soluble induline dye (Farb. vorm. Fried. Bayer 
& Co., D, R. P. 63198 ; Ber. 1891, Ref. 137). Azo- 
benzene yields a mixture of mono-, di-, and tri- 
nitroazo^nzenes when treated with fuming 
nitric aoid (Gerhordt and Laurent, Annalen, 76, 
73; Janovsky and Krb, Ber. 18, 1133; *19, 
2167; Janovsky, Monatsh. 7, 124 ; Werner and 
Stiiuiny, Ber. 1899, 3266): ordinary sulphurio 
Sold dissolves it without altoration« whilst 
the fuming aoid at 130* converts it into 
azobcnzeneinonosulphonio acid (Griess, Annalen, 
164, 208 ; Janovsky, Monatsh. 2, 219) ; 

chromic acid oxidises it to carbon dioxide 
and nitrogen (De Coninok, Compt. rend. 1899, 
128, 682). The bromine derivatives of azo- 
benzene have been examined by Werigo (Anna- 
Icn, 166, 189), Janovsky (l.c.), and MiSs (Chem. 
Soo. Trans. 1894, 61V 

AZOBENZENE RED v. Azo- coLomEtiKO 

HATTBBA. ^ 

AZ0-B£ACK or NAPHTHOL BLACK «. Azo- 

OOLOUUNG KATTSBS. 

AZO-BLUE V. Azo- ooloubinq mattbbs. 

AZOCOOOINEv. Azo- OOLOURIBO 1IATTXB8. 

AZO COLOURING MATTERS. 

ATisfory.— The colouring matters of this 


clam contain one or more azo-groups — : N — 
linking together aromatio radjem The typical 
parent substance from which these compounds 
may be rwarded as being derived is azobenzene. 
CgTTj'N : which nas been known since 

the year 1834 (Mitschcriich, Annalen, 12, 311). 
The basic and acid derivatives of azobenzene 
are all colouring matters, tbe amino- derivative, 
R minoazobenzene, having been the Srst of 
these compounds which was prepared and intro* 
duced into commerce on an^hing approaching 
a large scale by the firm of Simpson, Maule, and 
Nicholson in 1863. This substance was pro- 
pared by tho action of nitrous gases on anuine 
dissolved in alcohol, and was known in the 
market by tho name of 'aniline yellow,* the 
true constitution of the colour being at the time 
unknown. The introduction of the Brst azo- 
colour into commerce is thus due to the 6rm 
above mentioned, although the production of 
the colour itself appears to have been previously 
observed. by M^ne (Compt. rend. 1801, 62, 311), 
Luthringer (Fr. Pat. ^901, Aug. 1861), 
and Griess (Annalen, 1862. 121, 262, note). 
Tho first researches on the diazo- compounds 
(as distinguished from azo- compounds) were 
published m 1858 by Grioss (Annalen, 106, 123), 
who in 1862 discovered a compound produced 
by the action of nitrous acid on aniline, to which 
he gave the name of * diazoamidobenzol ’ 
(Annalen, 131, 267). The latter was, however, 
a true diazo- compound, and on comparing it 
with tho * aniline yellow * of commerce it was 
found that the two substances were isomeric, 
a discovery which led to tho establishment of the 
true formula of aminoazobenzone by Martius 
and Griess in 1806 (Zeitsch. Chem. N. F. 2, 132)- 
In this same year a brown dye was sent into the 
market by the firm of Roberts, Dale, and Co., 
of Manchester, and this colouring matter (known 
as Manchester Brown, Vesuvine, Phenylene 
Brown, or, more generally, Bismarck Brown) 
wao investigated by Caro and Griess, and 
identified as an azo- compound in 1867 (Zeitsch. 
Chem, N. F. 3, 278). Those chemists r^arded 
it as triaminoazobenzene, but G. Shultz 
(Chemie des Steinkohlentheers, 2nd ed. 2, 193) 
showed that it is benzene-1 : 3-disazophenyl- 
enediamine. This oompound still occupies an 
important place in the tinctorial industries, 
whilst tho earlier known aminoazobenzene 
(aniline yellow) has been completely abandoned 
on account of its fugitive character. It is, how- 
ever, used in the preparation of other azo- 
colouring matters and indulines. In 1876 a 
beautifully crystalline orange colouring matter 
made its appearance as a commercial product 
under the name of ' chrysoldine,* its composi- 
tion and constitution having been established 
by Hofmann (Ber. 1877, 10, 213), who showed 
that it was diaminoazobenzene. This colouring 
matter was discovered almost simultaneously by 
Caro and Witt, independenUy» m^76, but was 
first introduced into^joolhmerce by^lhCSIa^^, 
the manufacture h^vi^ been carried out^ 
the firm of Williams, Aomas, and Dower, o 
Brentford and Fulham. % 

The manufacture of chrysoldine was th 
first industrial application of Qriess’s discover^ 
of t)ie diazo- compounds, tho colouring matter in 
question being prepared the action of a diazo- 
■alt (diazobenzene ohloitde) on m-phenylene- 
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diamine, and this manufacture was soon 
followed by the appearance of acid aso- com- 
pounds prepared by the action of diasosulphonio 
acids cm phenols. *The typical parent sulMtance 
of these acid azo- oolouri may be remrded as 
hydroxyazobenzene, C*Hg*N,*C*H 4 *OH, which 
was first prepared by Qriesa in 1864 (Phil. Trans. 
163, 670). ^e general method by which the | 
azo- colours are now prepared is an application of 
the reaction between diazo- salts and phenols 
in alkaline solution, first made known by ICekultf 
and Hidegh (Ber. 1870, 3, 233), the first colouring 
matters of this class having been introduced by 
Witt under the name of ‘^opsBoliixes * (Chem. 
Soo. Trans. 1879, 35, 179), and simultaneously by 
Poirrier, of St. Denis, under the designation of 
* Orange ' of various brands. Since the first 
appearance of the acid azo- colours immense 
numbers of these compounds have been sent 
into commerce under various designations, the 
firs£ patent having been taken out by Griess m 
1877 (E. P. 3698), and. being quickly followed 
by others, which will be referred to in due order. 
Of the acid azo- colours described in the earlier 
specifications, the most successful from an 
industrial pomt oi view were those manufactured 
by the Badische Anilin- und Soda-Fabnk (Bei. 
1879, 12, 1364), and by Meister, Lucius, and 
Bruning, of Hochst {ihtd. 144). 

The next step of importance in the industrial 
history of the azo- colours was the introduetion 
of disazo- compounds, containing two azo- groups. 
The typical compound of this class is benzencazo- 
benzeneazophenol 

discovered m 1877 by Caro and Schraube (Bor. 
10, 2230). In 1879 appeared the * Biebrich 
scarlet ’ of Nietzki (Ber. 1880, 13, 800, 1838), 
which was introduced bv the firm of Kalle As 
Co. of Biebrich. This dyestuff is prepared bv 
combining diazotised aminoazobcnzenedisul- 
phonio acid with )3-naphthol, and was the first 
of the secondary disazo- compounds. The first 
rimary disazo- colouring matter, ‘ Resorcin 
rown,^ was discovered in 1881 by Wallach, 
who combined two molecules of a diazo- com- 
pound (m-xylidine and sulphanilio acid) with ons 
molecule of a phenol (resorcinol). In 1884 a 
very important discovery in the history of azo- 
colouring matters was made by P. Bdttiger, who 
found that the disazo- compound obtained by 
combining the tetrazo- salt prepared from 
benzidine with naphthionio acid possessed the 
viduable property of dyeing cotton direct, with- 
out the use of a mordant. This colouring 
matter was put on the market by the Aktienge- 
sellschaft fur Anilinfabrikation, under the name 
of * Congo red.* This discovery has given rise 
to the production of a ver^ large number of 
similarly constituted colouring matters, which 
appear on ^e market under the names of benzo-, 
(k>ngo-, diamine-, and other dyestuffs. In the 
following year another important development 
'was announced by the introduction of the first 
satisfactorv black azo- colouring matter (naph- 
thol black) for wool. This was discovered by 
Hoffmann and Weinberg, and placed on the 
market by L. CasseUa £ Co. In 1887 A. G. 
Green found that pnmuline, which he had dis- 
covered, dyed cotton direct, and that the yellow 
odouring matter when thus ^ed on the fibre, 
could be diazotised and combined (deveiopedl 
fdth /S-naphthol, m-phenylenediamine, and 


I similar * developers,* thus giving rise to a series 
' of new azo- dyestuffs (Inmin colours). This 
discovery led to the manufacture of many azo- 
colouring matters which were capable of being 
I similarly diazotised and develop^ on the fibre 
; (e.g. diamine black), os also to tne production of 
I azo- colouring matters on the fibre by treating 
the fibre alre^y dyed with an azo- colour with 
I a diazo- compound (e.g. benzonitrol colours). 
In both oases darker and faster dyeiixgs are 
obtained. 

The first direct cotton black (diamine black, 
RO) was discovered in 1889 by Gans (Cassella 
A Ck).), and in 1891 Hoffmann and Daimler 
proj^r^ the first green colouring matter of this 
kind (diamine green). 

I A modified method of the process introduced 
in 1880 by Road Holliday and Sons, of producing 
insoluble azo- colouring matters direotly on the 
fibre, has been largely developed of late years. 
The first example of this, viz. the combination 
of diazotised p-nitroanUine with fi-naphthol 
(* paranitraniline red *) still holds the place ot 
greatest importance. 

Manujacturc. — The general method of pre- 
paring the azo- colours on a large scale depends 
upon the reaction between a diazo- salt, usually 
the chloride, and a phenol or phenolsulphonio 
acid in presence of an alkali, as typified Dy the 
following example : — 

C,H**N>Cl+C«H.ONa 
Diazobenzene Sodium 
chloride. phonoxide. 

-C.H.NgO.H^OH+NaCl. 

Benzeneazophcnol. 

Aminosulphonic acids or aminocarboxyLo 
acids when diazotised react in a similar manner : 


DiazosulphaniUo Sodium 



Sulphobenzeneazopheuol (sodium salt). 

Preparation of the diazo- salts . — The amine 
Ao be diazotised is usuaUy dissolved in about 
10 pans of water and one equivalent of hydro- 
chloric (more rarely sulphuric) acid. For 
diamines twice this amount of acid is taken. 
The solution ^ is now cooled by adding ice until 
the temperature is, in the case of aniline, th*e 
toluidines, the xvlidines, Ac., 0*-2^ or, in the 
case of the naphthylamines, the nitroanUines 
and diamines such as benzidine, tolidine, 
dianisidine, Ac., 6*’-10**. This is done by adding 
ice to the solution. More acid (U-2 equiva- 
lents) is now added (or 3-4 in tne oase of 
diamines), and a solution of the calculated 
quantity of sodium nitrite is run in, sufficient 
Ming used to give a reaction with starch-iodide 
paper after the whole has been mixed for tzo 
or three minutes. (For velocity of diazotisation, 
see Hantzsch and Schumann, Ber. 1899, 32, 
1691 ; Schumann, ibid. 1900, 33, 527 ; Tassilly, 
Compt. rend. 1913, 167, 1148; 1914, 168, 336, 
489). In certain cases {e.g. o-naphthylamme, 
p-nitroaniline, Ac.) it is better to add the 
nitrite all at once in order to avoid Ahe formation 
of the diazoamino- compound. In diazotising 
such compounds as give an insoluble diazo- 

* Borne of the diasosalphonio acids, such as dlaso- 
oaphthionle add, are Insoluble in water, and are there- 
(ore employed in a state of suspension. 
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deriYAtive, u, for example, p-sulphobeoEeneazo- 
o-naphthylaniiiie or p-aoetylaminobenxeiieazo- 
a-naphihylamme, and which themselves are 
insoluble in acids (under the above conditions) 
it is advisable to use an excess of nitrite and 
to stir the ioe-oold mixture for several hours. 
Special methods have to be employed to diazo* 
tise amines containing several negative grou^ ; 
the operation may often be effect by carrying 
it out in the presence of excess of 60 p.c. sul- 
phuric ocid, and Witt has shown (Ber. 1009. 
42, 2953) that diazotisaUon is easily brought 
about in these cases by employing strong 
nitric acid. Other substances wMch are difficult 
to diazotise satisfactorily are those which are 
readily oxidised by the nitrous acid, such as 
the 1 : 2- and the 2 : l*aminonaphthols and 
their sulphonio acids. In this case the diazotisa- 
tion may be done in the presence of zinc or 
copper salts (compare E. 10235 of 1904 ; 
D. R. P. 171024, 172446 ; F. P. 353786) or by 
means of zinc nitrite. Another method is to 
diazotise in presence of an excess of acetic or 
oxalic acid (compare D. U. P. 156083, 175593, 
also E. P. 2946 of 1896). 

Difficulties are often encountered in en- 
deavouring to diazotise certain diamines. 
o-Phenylcne- and tolylene-diamines cannot bo 
diazotised, as they yield theazimino- derivatives, 
and, under the usual conditions, the meta- 
diamines furnish Bismarck bro\vn ; but if the 
diamine is run into a mixture of nitrite and acid 
the tetrazo- compound may be obtained (Griess, 
Ber. 1886, 19, 317 ; Tauber and Walder, Bor. 
1897, 30, 2901; E. P. 1593 of 1888; D. R. P. 
103685). In the case of p -phony lenediamine 
and certain diamines of the naphthalene series 
diazotisation is brought about indirectly, as the 
direct action of nitrous acid often loads to a 
mixture of the mono- with the bis-diazo- (or 
tetrazo-) compound. Either the corresponding 
nilroamine or the monoacetylated diamine 
is employed. This is diazotised and combined 
with a component in the usual way {see below), 
and then the nitro- group is reduced or the acetyl 
group hydrolvsed when the free amino- groupr 
can then readily be diazotised. Some diamines, 
ii\$leed, can only be diazotised as regards one 
amino- group, the other being quite unattacked. 
In such cases {e.g. o-nitro-p-phen^denediamine, 
1 : 4-naphthylenediamine-2-sulpho'nio acid — the 
latter being diazotisable only in acetic or oxalic 
acid solution) the monodiazo-salt is combined 
with a component and then the remaining 
amino- group, which before resisted all attempts 
at diazotisation, is easily diazotised (compare 
Bhlow, Ber. 1896 29, 2286; £. P. 2946 of 1896). 
(For further information on this subject, see 
Cain, The Chemistry and Technology of the 
Diaro- Compounds, Arnold, 1920.) 

Combination {coupling) of the diazo- compound 
with a compontni {pheiwl or amine) to form an 
azo- dyestuff .^ — Before the diazo- solution is pre- 
pared a solution of a phenol or amme is made 
ready so that no delay may occur before coupling 
takes place. As a general rule, phenols are 
combined in alkaline and amines in acid (acetic) 
solution. Ills the case of phenols or naphthols 


' For the mechanism of the leaction, ue Gharrier 
OssB. ohim. ital. 1914, 44, 11. 503 ; Auwers and 
Miohaells, Ber. 1914, 47, 1276 ; Meyer. Irschlek and 
BohlOsser, ibid, 1741 ; and Karrer Ber. 1916, A 1899. 


the substance is first dissolved in the calculated 
amount of sodium hydroxide, the solution dilated 
with water, and sodium carbonate added in 
sufficient quantity to ensure an alkaline reaction 
being obtained at the end of the combination 
(t.e. a little more than one molecule of sodium 
carbonate to each molecule of hydrochloric 
acid, so that sodium hydrogen carbonate may 
be formed). When phenoUo sulphonio acids 
are the components, they may be dissolved in 
sodium carbonate instead of hydroxide. The 
phenolic solution, having been cooled to about 
10^ is now ready, and the diazo- solution is 
run in gradually with constant stirring. Com- 
bination takes place at onoei,i and when 
all the diazo- solution has been added, the 
mixture must be tested to ensure an alkaline 
reaction, and the presence of a slight excess 
of the phenol (about 2-6 p.o. excess of the 
theoretical amount is usually taken). The 
next day the colouring matter is filtered through 
filter presses. If it has separated out^ no further 
treatment is necessary, but if it is stiU partly 
or wholly in solution, it is ‘salted out * (not or 
cold) b> adding common salt until a spot on 
filter paper shows only a faintly oolourM rim. 
In rare cases the precipitation is effected by 
acidifying. The filtration is best effected by 
the aid of compressed air and the press cake 
is spread on trays and dried. The dry lumps 
are then ground in a mill, adjusted to ‘ type ’ 
or ‘ standard * by means of common salt, somum 
sulphate, &o., and the product is then ready for 
the market. In cases where the possibility of 
the formation of a disazo- dyestuff is present 
(dihydroxy- compounds, a-naphthol, Ac.), the 
coupling may advantageously be csriied out in 
acetic acid solution. 

The procedure adopted in the case of amines 
18 very similar to the above. The amine is 
first dissolved in the appropriate amount of 
hydrochloric acid, the solution diluted and 
sufficient sodium acetate added to ensure that 
no free mineral acid remains at the end of the 
combination (in rare cases couplin|; is effected 
in mineral acid or alkaline solution). When 
the combination is complete, the dyestuff is 
filtered off either as it is or alter having been 
rendered alkaline. 

Many disazo- dyestufib are prepared by com- 
bining two molecules of the same or different 
diazo- compounds with an aminonaphthol- 
sulphonio acid. In this case combination is 
effected first in acid solution and then the 
monoazo- dyestuff thus formed is rendered 
alkaline, and the second molecule of diazo- 
oomTOund added. 

Pontion assumed by the azth group in the 
formation of azo- coUmnng fnatiers.^a) Benzene 
series : When the para- position with res^ t to 
the amino- or hydroxy- group is oocupiea^y-4k^ 
hydrogen atom, and no group, such as NO«, 
SOgH, or KB|C1, is in the meta- position, the 
azo- ^up enters the para- position in place of 
the hydrogen atom. (6) Naphthalene series: 
In corresponding compounds of the naphthalene 
series (a-naphthylamine, a-naphthol) tne enter- 
ing azo- group also takes up the para- position, 
but when, in a-naphthol, a sulphonio group is 
in the 3- or 6-position with respMt to the 
1 Bor the formation of disso-axyf oomTOunds, see a 
psptr ny Dlmzotb and Hartmann, Ber. 1906, 41, 4012. 
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Ikydrozy* group, ^or a nitro* or NRaCl* group is 
in the 3- position the azo- group enters the 2> 
position. 

Wlien the para* position is substituted, 
the azo* group enters the ortho-(2)- position, 
but if the para* substituent is a car boxy* 
group, this is usually displaced by the azo- 
group. 

When diazo* compounds act on jS-naphthyl- 
anune or i8-naphtho1. the azo* group enters 
position 1 (in the ortho- position with respect 
to the amino* or hydroxy- group). If the 
1* position in /3*naphthol is occupied by a oarb- 
oxy- group, this is displaced (compare also 
Scharwin and Kaljanoff, Ber. 1908, 41, 2056 
and article on Disazo- and Txtrazo- ooLOua- 
IKO liATTBBS). 

Differing ca^itv for combination . — As will 
have oeen gathered from the preceding para- 
graph, the azo- group never enters the meta- 
poBition with respect to an amino* or hydroxy- 
group. Further, a component in which the para- 
position is occupied by a substituent group is 
not so readily attacked (in the ortho- position) 
as one that is not substituted (when the azo- 
group enters the para- position). Moreover, the 
capacity for oombination depends also on the 
kind of diazo- compound employed, thus 2- 
naphthol-S-sulphonio acid and 2-naphthoi- 
6 : 8*disulphonio acid in dilute solution do not 
combine at all with dlazotiaod xylidine or 
naphthylamine, whilst diazotised anilme, amino- 
azobenzene, aminoazobenzenesulphonio acid and 
naphthylaminesulphonio acids couple easily 
with thorn. The combination with diazotised 
xylidine and naphthylamine can, however, be 
made to take place in concentrated solution. 
The diazo- compound of p-nitroaniline, in most 
oases, combines with extreme ease. Finally, 
2*naphthylamine*6 : S-disulphonio acid does 
not con^bine with any diazo- compound. (For 
measurement of the rate of formation of dye- 
stuffs, see Goldschmidt, Ber. 1897, 30, 670, 
2076; 1899, 32, 365; 1900, 33, 893; 1902, 35, 
3534 ; Veley, Trans. Chem. Soo. 1909, 95, 
1186.) 

Considering now the formation of azo- 
dyestuffs from tetrazotised diamines^ it should 
be noted that diamines of the type of benzidine 
furnish tetrazo- compounds which can either bo 
combined with two molecules of one component 
(phenol or amine) or with one molecule each of 
two components, and the reaction can thus be 
divided into two stages. This holds good even 
when one component only U used ; thus tetrazo- 
tued benzidine combines almost at onoe with 
one molecule of naphthionio acid, forming a 
so-called intermediate product ; but the second 
molecule of naphthionio acid combines with this 
only slowly. Here also a difference in combining 
power is to be noted, thus tetrazotised benzidine 
combines more readily than does the correspond- 
ing compound from tolidine. 

General properties, — (1) Action of alkalis, 
Hydroxyazo- dyes containing a sulphonio or 
carboxylic group usually form differently 
colourra salts, and consequently the addition 
of sodium hydroxide to their solutions produces 
a modification in the shade (compare Hewitt 
and Mitch^ Trans, 1907, 01, 1251).» The 
isomeric colouring matters pnpared from 


a- and fi-naphthol show a characteristic differ- 
ence in that only those derived from the former 
are changed by sodium hydroxide (s.g. benzo- 
azurine, Ac,)* ^ 

(2) Action of cold dilute acids. Dyestuffs 
containing amino- or substituted amino- noups 
venoral^ undergo a change when treated with 
dilute acid (compare Fox and Hewitt, Trans. 

1908, 93, 333 ; Hewitt and Thomas, ibid 

1909, 96, 1292 ; Hewitt and Thole, ibid, 1909, 
96, 1393 ; 1910, 97, 611). In the case of Congo 
red and methyl orange this change is so pro- 
found that thrae colouring matters can be used 
as indicators. 

(3) Action of cold concentrated sulphuric 
acid. Nearly all azo- colouring matters give 
characteristic colour changes with this reagent, 
and it is often used as an aid in the detection 
of dyes. Mixtures of dyes, when covered with 
sulphuric acid, often reveal themselves by the 
various colours produced by the particles as 
they become dissolved. There are certain re* 
lationships between the colour of the solution 
of azo- dyes in sulphuric acid, and therefore of 
their absorption spectra and their chemical 
constitution. Thus the dyestuff from amino- 
azobenzenosulphonio acid and /3-naphthol gives 
a green colour, those from the same (diazotised) 
amine and fi-naphtholsulphonio acids, a blue, 
and those from aminoazobonzeno and its 
homologues combined with jS-naphtholsulphonic 
acidis a red violet (compare Ber. 1880, 13, 1840 ; 
Vogel, Sitzungsbor. K. Akad. Berlin, 1887, 34, 
715; Bor. 1889, 22, 634, 2062; Schutze, 
Zeitsoh. physikal. Chem. 1892, 9, 2; Grebe, 
Dies. Leipzig, 1892). 

(4) Action of hot hydrochloric acid, Gertain 
azo- colouring matters, such as, for example, 
arainoazobenzene, are decomposed when boiled 
with concentrated hydrochloric acid ; reduction 
and oxidation take place accompanied by 
chlorination. In the instance quot^ phenyi- 
enediamine, aniline, and benzoquinone or its 
chloro- derivatives are produced (Wallaoh and 
Kollikor, Ber. 1884, 17, 396). 

(5) Action of h^ sulphuric acid (Witt, Ber. 
1887, 20, 671). Azo* colouring matters which 
are derived from phenyl- or tolybfi-naphtl^- 
amine by the action of diazo- compounds on 
these bases, when boiled with moderately 
dilute sulphurio acid, yield the bases, or their 
sulphonio acids, from which the diazo- compound 
was prepared, together with naphthazines. 
Thus the dyestuff obtained by combining 
diazotised sulphanilio acid with phenyl^- 
naphthylamine, is decomposed into smphanilio 
acid and phenonaphthazine : 
SO.HC.H^-N.CioH.-NHC^, jj 

-SO,H CgH4 NH,+OjoH,<( 

(6) Action of nitric acid, Azo- colouring 
matters are re^ily attacked by nitric aoio, 
and the course of the reaction depends largely 
on the conditions of temperature and concentra- 
tion. By the moderate action of nitric acid, 
the dyestuff may simply be nitrated, thus 
diphenylamine orange yields ourcameine and, 
by further action, azo- acid yellow, the dyestufib 
in both cases, however, being accompanied by 
some nitrodiphenylamine p»duoed W the 
fission of the azo- group. Also when navazol 
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(diazotiied toluidinc combined with aftUcyiic 
aoid) is nitrated, it yields Fenian yellow (o-nitro- 
tolueneazosalicylio acid) (compare Ber. 1906, 40, 
4207). 

Methyl orange is decomposed even by cold 
dilute nitric acid ; a methyl group is eliminated 
in the process, and dinitromonomethy)aniline 
is produ^. The presence of a diazo- compound 
can also be deteoted (Fox, Ber. 1908, 41, 1989). 

Cold fuming nitric acid decomposes many 
aso- colouring matters (particularly those con. 
taining an amino- or hydroxy- group in the 
para- position with respect to the azo- group), 
with the production of the diazo- compound 
from which the dye is prepared and the nitro- 
derivative of the other component ; thus, 
orange II yields diazotised sulphanilio acid and 
a nitro- derivative of /S-naphthol, whilst methyl 
orange gives op-dinitrodimethylaniline, tetra- 
nitrodimethylaniiine and diazotised sulphanilio 
acid (0. Schmidt, Ber. 1905, 38, 3201). 

. Certain hydroxyazo- compounds combine 
with two molecules of nitric acid fonning un- 
stable nitrates (Oharricr and Fcrreri, Cazz. 
ohim. ital. 1913, 43, ii. 148; 1914, 44, i. 120, 
166, 406). 

Fmally, warm nitric acid usually decomposes 
azo- dyestuffs, with the production of nitro- 
phonols or bases. 

(7) Action of chlorine and bromine. All azo- 
colouring matters are readily attacked by 
chlorine or bromine. Fission generally takes 
place at the azo- group with the production of 
halogonaied phenols (compare Schmidt, J. pr. 
Chem. 1012, (li.) 86, 236), but some dyestuffs are 
converted into substitution products (compare 
Ber. 1884, 17, 272). 

(8) Aciion of reducing agents. Reducing 
agents, such os zinc-dust and water, zinc-dust 
and ammonia, or sodium hydroxide, zme-dust 
and dilute acids, tin and hydrochloric acid, 
stannous chloride, a solution of sulphur .in 
sodium sulphide (Cobcnzl, Chem. Zcit. 1916, 39, 
860), or sodium hyposulphite (technically known 
as ‘ hydrosulphite^) (Grandmougm, Bor. 1006, 
39, 2494, 3661, 3929 ; compare also J. pr. Chem. 
1^7, (ii.) 70, 124 ; Franzen and ^tieldorf, J. 
prT Chem. 1907, (ii.) 76, 467 ; O. Fischer, 
Fritzon and Eilles, J. pr. Chem. 1909, (ii.) 79, 
662) attack the azo- group and convert it into 
two amino- groups ; thus : 

T]pe base which was used to provide the diazo- 
Gompound is thus regenerated, whilst the 
other component is converted into its amino- 
derivative. 

By careful reduction with zinc-dust, dyestuffs 
obtained by the combination of diazotised 
aminoazobenzenesulphonic acid with phenols 
vield the aminoazosulphonio acid without the* 
latter undergoing reduction. Further, nitro- 
azo- dyestuffs can bo reduced to the correspond- 
ing aminoazo- dyestuffs with sodium sulphide. 
The reduction of azo- dyestuffs is a useful 
means of attacking the problem of their con- 
stitution, although the operation requires 
considerable care (compare Witt, Ber. 1886, 
19, 1719; 1888, 21, 3468, and especially the 
references ouoted in connection with reduction 
by hydrosulphite). 


Azo- dyestuffs are also readily reduced by 
I titanous chloride, and a process* for their estima- 
j tion by titration with this reagent has been 
worked out by Knecht (J. Soc. Dyers, 1903, 
19. 169 ; Ber. 1903, 36, 166, 1549 ; 1907, 40, 
3819). A detailed account of the method of 
carrying out this and other methods of reduc- 
tion ^ will be found in Knecht and Hibbert's 
New Reduction Methods in Volumetric Analysis 
(Longmans). 

(9) Action of sodium bisulphite. When boiled 
with aqueous-alcoholio sodium bisulphite solu- 
tion, hydroxyazo- colouring matters give 
sulphurous esters, the hydroxyl group being 
converted into 0‘SOaNa (Voroshcov, J. Russ. 
Phys. Chem. Soc. 1011, 43, 771 ; 1916, 47, 
1669; published in French in Ann. Chim. 
1916, fix.] 6, 381 ; 1917, 7, 50). In aqueous 
solution fission takes place (Lepetit and Levi, 
Gazz. chim. ital. 1911, 41, 1 676). 

Identification of azo- colouring meUters on 
the fire. This is carried out by observing the 
action on the dyed fabric of various reagents, 
for which various tables have been constructed 
(compare Cain and Thoipe, The Synthetic 
Dyestuffs, 4th ed. 1918 ; Lunge, Chemisch- 
technische Untersuchungensmethc^en, Eng. 
trans., edited by Keane, 1911 ; Green, The 
Analysis of Dyestuffs). 

Direct formation of azo- colours in the fibre . — 
The production of an insoluble azo- dyestuff in 
the fibre w as first achieved by T. and R. Holliday 
(E. P. 2767 of 1880), who impregnated the fibre 
with a- or iB-naphthol, passed it then through 
a diazo- solution, and finally developed the 
colour by treatment with alkali. An improve- 
ment on this process was introduced by the 
Farbwerke vorraals Meister, Lucius und 
Br lining, in 1889, which consisted in * padding * 
the fibre (generally cotton) with the sodium salt 
of a phenol (usually iS-naphthol), and passing 
the cloth through a diazo- solution, the free 
mineral acid of which has been neutralised by 
adding sodium acetate. This process is very 
largely used at the present day, and is applied 
to the greatest extent to the production of the 
sO'Callod * para-red ' (the azo- colour obtained 
by combinmg diazotised p-nitroaniline with 
/B'naphthol). The colouring matters produced 
in this way will now be described. 

Paranltranlline Red. The colouring matter 
was first prepared in substance by Meldola (Chem. 
Soo. Trans. 1885, 47, 667) by combining diazo- 
Used p-nitroaniline w'ith jS-naphthol in alkaline 
solution. As stated above, it is now almost 
entirely jifoduced on the fibre. The gbo^a are 
soaked in a bath containing sodium iS-na^hth- 
oxide and Turkey-red oil, or thickening materiuS, 
squeezed out and dried at 65*-^*. They aro^ 
then passed through the diazo- solution, washed 
and soaped. In order to avoid preparing the 
diazo- solution in the dye-house, various pre- 
parations may be used. Thus, Para^tranUlne 
extra N paste is a mixture of p-nitroaniline 
with the calculated amount of 8<^um nitrite, 
and needs only to be stirred slowly into the 
neoessary quantity of hydrochlorio or sulphurio 
aoid,^ice, and water, to produce the diazo- 
soltition. A similar product is Beoioiiitrol 
> Fpr the esUmatloii with sodium hyposulphite, 
see Gntndmougin and Havas, Chem. Zeit. 191% 9* 
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pasta. Other prepaniAioiis contain the diazo- 
compound in a suitable form for keeping. 
Thus, HltrosamiiM Bad is the sodium salt of 
p-nitroanlfdiazobensene (which is very stable) 
and furnishes the true diazo- solution when 
mixed with dilute acid. Asophor Bed, AlOgen 
Bed and Mltraiol G, are mixtures of the diazo- 
sulphate with sodium sulphate (whereby sodium 
hydrogen sulphate is produced) ; they are dis- 
solved in water, the solution filtered, if necessary, 
and neutndised before use with sodium acetau' 
or hydroxide. Paranil is a stable compound of 
diazotised p-nitroaniline and naphthalene* /3- 
sulphonic acid. Paranitraniline red is used as a 
substitute for the red Congo dyestufis and for 
Turkey red. It is extracted from the fibre when 
treated with oiganio solvents, and when the 
fibre is heated to 180®-200* the dyestuff partly 
sublimes. (For the formation of paranitraniline 
red, see Pomeranz, Zeitsoh. Farbcn. Ind. lOOG, 
5, 184 ; Erban and Mebus, Chem. Zeit. 1907, 
31, 663, 678, 687 ; lichtenstoin, Zeitsch. 
Elektrochem. 1908. 14, 686 ; Prud’homme and 
Colin, Rev. Gen. Mat. Col. 1909, 13, 1, 66; 
Bull. Soo. chim. 1909, (iv.) 6, 779 ; Bucherer, 
and Wolff, Zeitsch. angew. Chem. 1909, 22, 731 ; 
Justin-Mueller, Bull. Soc. chim. 1910, (iv.) 7, 60.) 
When in the form of a lake it is known as 
Pigment Red 0 (M.^); Autol Red BGL (B.); 
Sltara Red (T. M.). 

Metanitranillne Orange and Nitro*r)<toluidine 
Ora^e. Prepared as above from diazotised 
m-nitroanilino or p-nitro-o-toluidino and jS* 
naphthol. The former gives yellowish and the 
latter reddish shades of orange. Their use is 
not very extensive, as they are not fast to 
rubbing, and the colours sublime on keeping. 
An orange free from these disadvantages can, 
however, be obtained by using m-nitro-p- 
phenetidine. 

Nitro*o*toluidino orange, in the form of a 
lake, is sold as Pigment Orange R (M.) ; Fast 
Orange (By.). 

Nitrophenetidlne Rose or Blue-red. Here 
o-nitro-p-phenetidine is used as the diazotised 
base. 

Aasophor Rose A (M.) is the stabilised diazo- 
compound of o-anisidine. The compound of 
diazotised o-anisidine and jS-naphthol is used as 
a lake under the names Pigment Purple A (M.) ; 
Sudan R (A.). 

Naphthol Rose is the stabilised diazo- com- 
pound of p-nitro-o-anisidine. • 

Xtterotwre.— E. P. 25766 of 1897 ; D. R. P. 
98637 ; P. P. 271908. 

Chloranbldlne Scarlet (M.) is pi^uced on 
the fibre by the aid of diazotised p-chloro-o- 

Naphthylamine Bordeaux. Prepared on the 
fibre from diazotised a-naphthylamine * and 
B-naphthoL The dyestuff is used also as a 
pigment colour under the names Carmlnapb 
Garnet (D. H.), Cerotlne Scarlet 2 R (C. J.), Ac. 

Azo Turkey Red is produced by treating cloth 
padded with B*uaphthol with diazotised B- 

* See p. 458 for the full names of firms of which 
these letters are a contraction. 

* Finely ground a-naphthylamine sulphate is sold 
as a-yaphthylamine salt S, and a stable odhipoand 
of diazotised opiiaphthylamine with «-naphthalene- 
didulphonic acid as Naphthol garnet 60 p.o. paste. 


naphthylamine. It is a bright scarlet^ which, 
however, is not very fast. 

Fast Aio Garnet. Prepared from diazotised 
o-aminoazotoluene and B'UaphthoL It is sJso 
manufacture in substance and is used for 
colouring oils and varnishes under the names 
Oil Scarlet (M) (K) (W), Red B, Oil soluble, 
extra cone. (Remy), Cerotlne Ponceau 3 B 
(C. J.), and Fat Poneeau R (K). 

Benzidine and Tolidlne Puee. Obtained from 
tetrazotised benzidine or tolidine and B-naphthol. 
Dark garnet to brown shades are produced which, 
however, are not fast to light. Rather yellower 
shades result by using tetrazotised diaminooar- 
bazole instead of these diamines ; when treated 
with copper salts the tints are very fast to 
light. 

Dianisidlne Blue. Tetrazotised dianisidine 
IS combined on the fibre with B-naphthol in 
presence of copper salts. The tetrazo-compound 
is also put on the market as Azophor Blue D, 
a mixture of the tetrazo- compound and ahi- 
minium sulphate which has been dried in a 
vacuum at 45®. The colour is very fast to 
light, soap, and rubbing. Azophor Black S is a 
stabilised mixture of the tetrazo- compound of 
dianisidmo with other diazo- compounds (from 
benzidine, p-nitroanilino, and especially m- 
nitroaniline, cf, I). K. P. 83963). 

The production of black insoluble colours 
in the fibre was first effected by the Farbwerke 
vorm. Mcister, Lucius und Briining. The 
cloth is padded with B-naphthol and tragacanth, 
and treated with a mixture of the tetrazo- 
compounds of dianisidine and certain other 
bases. The mixture of bases sold for this 
purpose is known as Azo Black Base 0, and the 
diazo- compounds are ]^t on the market under 
the name of Azophor Black S. Cassella A Co. 
havo introduced a black obtained by padding 
the cloth with 1:6- or 1 : 7-aminonaphthol, 
and then passing it through diazotised p-nitro- 
anilii^e so as to form the disazo- colouring matter. 
The aminonaphthol is put on the market as 
Amidonaphtbol BD and 3 B, and both brands 
are mixtures of the two aminonaphthols men- 
tioned. Full black colours are obtained wl^ch 
are fast to soap and chlormc, but thev are not 
very easily applied in printing. A black, also 
mtroduced by the same firm, is produced from 
Azotol C, which is an asymmetric dialkylated 
di p-diaminoazobcnzcne (it is identical with 
Kinzlberger’s Ice Black). 'J'he base is diazo- 
tisod and combined with B-naphthol on the 
fibre in the usual way. The latter firm Also 
has introduced the use of the diazo- compound 
of aminochrysoldme, and of the tetrazo- com- 
pound of pp-diaminodiphenylamine for the 
production or black colours. Other tetrazo- 
compounds recommended axe these of amino- 
benzene-azo- a-naphthylamine (By.) and diamino- 
dimethylcarbazole (M.). 

Nlgrophor BASF (B.). Diazotised 2 : 6- 
dichloroanilino is combined with 1 -amino- 8- 
naphthol-6-sulphonio acid in acid solution, the 
monoazo- dye is dissolved in sodium hydroxide 
solution, mixed with p-nitroph^ylnitrosamine 
and cloth padded with the solution. After 
being dried and exposed to the air a greenish- 
blaoK is produced on the fibre. a-Naph^yl- 
amine may also be used instead of p-niteo- 



468 


AZO- COLOURING MATTERS. 


LUeratuTB, — ^E. P. 1002 of 1806; D. R. P. 
116676 ; F. P. 24424, 246211. 

Another process of producing azo- colouring 
matters on the fibre is by the use of primu- 
line {q*v.). When cotton dyed with this dye* 
stuff is treated with a solution containing 
hydrochloric acid and sodium nitrite, the dye- 
stuff is diazotised. The cloth is now passed 
through a bath containing the 'developer,* 
consuming of a solution of an amine or a phenol. 
/9-Naphthol is mostly used in giving Ingrain- or 
Prlmullne Red. An orange colour is obtained 
with resorcinol (Ingrain Orange), and a brown 
with m-phenylenediamine (Ingrain Brown). 
Many direct-dyeing cotton colours wUch contain 
a diazotisable amino- group (for example, 
diamine black BH) acquire a faster, deeper, 
and modified shade when similarly diazotised 
on the fibre and developed with i9-naphthol 
or m-phenylenediamine. 

In the succeeding portion of this article it isj 
proposed to give an account of the most impor- 
tant azo- colours which are at present in com- 
merce. Each colour will be treated of under 
its commercial name ; its chamical formula 
given, and the mode of preparation and general 
properties briefly described. 

Unless otherwise stated, it may be assumed 
that colouring matters containing a sulphonii* 
or carboxylic group are placed on the market 
in the form of their sodium salts. 

The following abbreviations are used for the 
names of firms ^ : — 

(A.) = Aktiengesellschaft fiir Anilinfa- 

brikation, Berlin. 

(B.) =as Badische Amlin- und Soda- 

Fabrik, ljudwigshafen a/Bhein. 

(B.K.) Leipziger Anilinfabnk Beyer & 
Kegel. 

(By.) ess Farbenfabriken vorm. Fr. Bayer 
& Co., Elborffeld. 

(C.) = Leopold Cass 11a & Co., Frank- 

furt s/Main. 

(C. J.) = Carl Jagor, G. m. b. H., Diissel- 
dorf-Derendorf. 

(Cl. Co.) = The Clayton Aniline Co., Ltd., 
Clayton, Manchester. 

<Claus & Co.) = Claus A Co., Clayton, Man- 
chester (since 1917 amalga- 
mated with Levinstein, Ltd.). 

(D.) =s Wiilting, Dahl A Co., Barmen. 

(D. H.) =a Dye Works, formerly L. Durand, 
Hiiguenin, A Co., Basle. 

(F.) s= A. Fischesser A Co,, Lutterbach. 

(G.) * Aniline Colour- and Extract- 

Works, formerly John R. 
Geigy, Basle. 


* Blnoe the last edition of this ‘ Dictionary * wai 
pubUshed a great revival of the Dye Industry hat 
l^en ploM In England, France. Italy, America 
Sweden, and Japan. The prlndpal new oompanlei 
which have b^n formed are British Dyes, Ltd 
(later inoorpprated^wlth Levinstein Ltd., under th« 
name of Brlti^ Dyestuffs Corporation, Ltd.), CJom 

m l Katicmaft des Matleres Colorantes et ProdulU 
ques (France), Italian National Dyestuff Oo 
ataly). The Natlon^al AnUine and Chemical Co., Ino 
(America), The A.B. Kemisk Industrie (Sweden/, anc 
The Japan Dyestuff Go. (Japan). Other new flnni 
manufaoturlns sao- oolouzlng matters are Indlcatec 
under the pa^eular dyM. 


(H.) Bead Holliday and Sons, Ltd., 
Huddersfield (now Briti^ I^e- 
stuffs Corporation, Ltd., Hud- 
dersfield branch). 

(I.) e Socidtd pour ITndustrie Chimique, 
(formerly Bindschedler und 
Busch), Basle. 

(K.) ~ Kalle A Co., Biebrich a/Rhein. 

(K. S.) Sandoz A Co. (formerly Kem 
and Sandoz), Basle. 

(L.) 6=s Farbwerk Miilheim (formerly A. 

Leonhardt A Co.), * Miilheim, 
near Frankfurt. 

(Lev.) Levinstein, Ltd., Blackley, 'Man- 
chester (now British Dyestuffs 
Corporation, Ltd., Blackley 
branch). 

(M.) — Farbwerke vorm. Meister, Lucius, 

und Briining, HOchst a/Main. 

(N. I.) = Farbwerk Griesheim, NOtzel, 
Istel A Co., Griesheim a/Main. 

(0.) Chemische Fabrik Grieshoim- 
Elektron, Werk Oehler (for- 
merly K. Oehler), Griesheim. 

(P.) S3 Socidtd Anonyme des Mati^rea 
Colorantes A Produits Chi- 
miques de St. Denis, Paris. 

(Sch.) S3 The Soh6llkopf Aniline and 
Chemical Company, Buffalo, 
U.S.A. (since 1017 is included 
# in The National Aniline and 
Chemical Co., Inc., New York). 

(T. M.) Chemische Fabriken vorm. Wei- 
ler ter Meer, Uerdingen a/ 
Rhoin. 

(W.) » Williams Bros. A Co., Hounslow, 

Middlesex. 

Also E. P. =3 English Patent ; D. R. P. s= 
German Patent ; F. P. = French Patent ; A. P. 
= American Patent. 


I. Basic Azo- Compounds. 

Aniline Yellow ; Aminoazobenzene 

C,H,N,C,H4NH, 

[if [ 4 ] 

This compound, discovered by M6no in 1861 
(I.C.), and introduced into commerce by Simpson, 
Maule, and Nicholson in 1863, is interesting as 
being the first azo- colour made on a manu- 
facturing scale. It was formerly preps^d by 
passing nitrous acid gas into an alcohou^^solu- 
tion of aniline. As a colouring matter it is n^ 
of no importance, but is laigely used as the 
starting-point in the manufacture of other azo- 
colours and of indulines. In practice this 
compound cannot be prepared directly by the 
action of one molecule of nitrous acid on two 
molecules of aniline, since diazoaminobenzene is 
always the first product of this reaction : 

20,H,NHt,Ha-fNaNO, 

-C,H,N,NHC,H4-|-Naa.fHCl-f.2H,0. 
The diazo* compound is slowly oonverted into 
the Homeric aniline yellow q:j being kept foi 
some time in contact with anilinn and an 
aniline ealt : 

C*H,N.NH-C,H,-C.H,N,C,H4NH^ 
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The manafactare is carried out as fallows: 
100 kilos, of aniline are mixed with 36 kilos, of 
concentrate hydrochloric acid, the mixture 
cooled (from outside) to about 18*, and a solution 
of 15*6 kilos, of so^um nitrite in 18 kilos, of 
water and 18 kilos, of saturated sodium chloride 
solution added at first fairly rapidly, so that 
the temperature rises to 25*, and then more 
slowly, the temperature being kept below 28* 
by outside cooling. This operation takes about 
7-<8 hours. After 24 hours the change of 
diasoaminobensene into aminoazo benzene is 
complete. The salt solution is now drawn off, 
the residue stirred with 06 kilos, of hydrochloric 
acid and 64 kilos, of water, and the aminoazo- 
benzene hydrochloride is filtered off, washed with 
2 p.o. hyvochloric acid, centrifuffcd and dried 
at 60*. The yield is 41 Idlos. of dry aminoazo- 
benzene hydrochloride. The old aniline yellow 
was the oxalate of the base. The free base 
crystallises in yellow rhombic prisms. Blp. 
127-4*; b.p. above 300*. The hydrochloride 
crystallisM m steel-blue needles. Base slightlv 
soluble in hot water, readily soluble in alcohol. 
Yellow solution coloured red by hydrochloric 
acid. 

LUeraiure.-r~M.hne, 1861 (see above) ; Dale 
and Caro, E. P. 3307 of 1863 ; Martins und 
Gness, Zeitsch. f. Chem. 1866, 2, 132 ; Kekule, 
ibui. 2, 689; Witt and Thomas, Chom. Soo. 
Trans. 1883, 43, 112; Friswell and Green, ibtd. 
1886, 47, 917 ; and 1886, 49, 746 ; Stadel and 
Bauer, Ber. 1886, 19, 1953; J,»aul, Zeitsch. 
angew. Chem. 1896, 9, 689; Jansen, Zeitsch. 
Farb. Ind. 1913, 12. 197. 

Spirit Yellow R (K.) ; Yellow Fat Coloui ; 
o-Aminoazotoluene 


Prepared similarly to aniline yellow, from o* , 
toluidine. 

LUerature. — Ber. 1877, 10, 662. 

Butter Yellow ; Oil Yellow (W.) ; Dimethyl- 
aminoazobenzene Pre- 

pared by the action of diazobenzene chloride 
on dimethylanilmc. Substance forms yellow 
leaflets of m.p. 116* ; soluble in dilute hydro- 
chloric acid with a red colour ; precipitated by 
alkali. Soluble in sulphuric acid ^ with a 
yellow colour, becoming red on dilution. 

Literature. — Grisss, Ber. 1877, 10, 628. 

Chrysoidine (most firms) ; Ghrysoldine Y 
(H). (W.) (Marden, Orth, and Hastings Corp. 
New York) (Sch.) ; Chrysoidine JEE (0. J.) (P.) ; 
Chiysoldlne Crystals *; Chrysofdine Small Crystals 
(T.M.) 

Diaminoazobenzene C.Hs-N.-C.HJNH.).. 

m (2:41 

This colouring matter is prepared by mixing 
a solution of diazobenzene chloride with a 
solution of m-phenylenediamine. In practice 
a known weignt of aniline is dissolved in 
dilute hvdrochlorio acid and diazotised, the 
solution being diluted so as to contain about 2-3 
p.c. of diazo- salt. This and a dilute solutiem of 


* In these ooloar reactioQS 'solphurio add* means 
the ordinary ooocentrated add of 06 06 ner cegt. 

* Ohii’soldine Cnitals also contain the homoioguei 
fcom e- and p*toluldlne. 


phenyimediamine hydrochloride are run simul- 
taneously into a sodium chloride solution, and 
the colouring matter is filtered off through a, 
filter press. The press cake is then dissolved 
in hot dilute hydrochloric acid, the hot solution 
iiitored, and hydrochloric acid added to the 
filtrate. The wrysoldine separates in small 
needles, which are filtered off, centrifuged, and 
dried at 50*. The free base forms yellow 
needles; m.p. 117*6*. Slightly soluble in 
water, readily in alcohol ; solutions orange. 
The commercial product is the hvdroohloride 
wUch forms beautiful blackish- 
green prisms with a metallic lustre. The strong 
solution of the salt solidifies on rapid coolii^ to 
a red jelly. Dissolves in sulphuric acid wiUi a 
brownish-yellow colour. 

Literature. — ^Hofmann, Ber. 1877, 10, 213; 
Witt, ibid. 350 and 664 ; Griess, ibid. 389. 

Chrysoidine R (H.) (W.) (G.) (1.) (Sch.); 
Ghrysoldine REE (P.) ; Cerotine Orange (0. J.) ; 
Gold Orange for Cotton (T. M.) (D. H.) ; Benzene- 
azo-m-tolylenediamine 

C.Hs-N,-C.Ha(CH,)(NII,), 

Prepared from ai.ilino and m-tolylenediamine 
as m the preceding case. The free base melts 
at 166*-166*. The commercial product is the 
hydrochloride, which forms yellowish-brown 
lumps. Dissolves in sulphuric acid ‘with a 
greenish-yellow colour. 

Chrysoidine R (O. H.) (0.) ; Tolueneazo-m- 
tolylenediamiuo CH s'CaH 4 -Nt*(yaHa(CHa)(NHa)t. 
Prepared as above from o- toluidine and m- 
tolylenodiamine. The commercial product is 
the hydrochloride. It is a orystaUino violet 
powder which gives a brown colour in sulphuric 
acid. 

Meta Chrome Brown B (A.) (BrotbertonA 
Go.) ; Dinitrophenolazo-m-tolylenedlamine 

OH-CeH,(NO,),*N,-C,H,(CH,)(NH,), 

Prepared from picramio acid and m-tolylene- 
diamine. It is a brown paste giving a dark 
orange-red solution in hot water. It yields a 
red solution with sulphuric acid. 

Literature.— E. P. 13213 of 1899 ; 10294 of 
1910 ; D. R. P. 112819, 118013 ; A. P. 657004, 
667065. 

Chrome Brown P (P.) ; Dinitrophenolazo-m- 
ammophenolOH-C 5 H,(NO,),*N,-C,H,(OH)-NH,. 
Prepared from picramic acid and m-aminopbenol. 
Introduced in 1003. 

Literature.— D. R. P. 169679 ; F. P. 336669. 

Meta Chrome Bordeaux R, B (A-)* Prepared 
from diazotised picramio acid and a ?7r-ammoaryl- 
solphamide. The R brand gives an orange- 
brown solution in hot water, and a reddish- 
violet solution in sulphuric acid, which yields 
a brown precipitate on dilution. 

Literature . — E. P. 4028 of 1902; D. R. P. 
136016 ; A. P. 704826, 704826. 

Dlazine Green S (K.) ; Janus Green B (M.) ; 
Union Green B (M.). Prepared diazotised 
safranine and dimethylanilme. The commercial 
product is a brown or dark-sreen powder giving 
an olive-green solution with sulphurio aoio. 
Janos Green G is a dyestuff of axudogoos con- 
stitution. 
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IrtfefaKftre.-'E. P. 7337 of 1807; F. P. 
266438 ; D. R. P. 96668. 

II. AdD AzO- COMFOUHDS. 

A. Siilplionie Adds of Amlnoazo- Compounds. 

Add Ydlow (A.) ; Fast Yellow (B.) (By.) ; 
Fast Yellow 0; New Yellow L (K.) ; Yellow SS 
(P.) ; Fast Yellow extra (By.). This colouring 
matter is a mixture of the sodium salts of mono* 
and di- sulphonlo acids of aminoazobenzene 

HSO.-C-H- N. CeH. NH, and 
HSO,0«ir4N,C.H^HSO,)NH, 

Prepared by the action of fuming sulphuric acid 
on aniline yellow (3-6 parts acid to one of 
aminoazobenzene). Solution not precipitated 
by alkali; colour dissolves in sulphuric acid 
with a brownish-yellow colour becoming redder 
on dilution. Solution gives a precipitate with 
barium chloride, but not with calcium chloride. 
The corresponding colouring matter from 
aminoazotolueno is somewhat more orange in 
shade, and is known os Fast Yellow Y (B.); 
Fast Yellow R (K.). 

Literature. — (Irdasler, E. P. 43 of 1879 ; 
A. P. 263598 ; D. R. P. 4186. 7094 ; Chem. Ind. 
1879, 2, 48, 340 ; Griess, Bcr. 1882, 16, 2187 ; 
Egor, Bpr. 1889, 22, 817. 

Methyl Orange (Consolidated Colour and 
Chemical Co., Now Jersey); Helianthln (B.); 
Orange III. (P.) (T. M.) (B. H.) (W.); Gold 
Orange (A.) ; p-Sulphobonzencazodimethylani- 
lino HSO,-C,H 4 *N,CeH 4 -N((Jir,),. Prepared 
[4] li] (41 

by the action of diazotised sulphanilio acid ^ 
on dimethylanilino. Solution of oolourmg matter 
orange, and not precipitated by alkali ; dilute 
acids produce a crystalline precipitate, the 
crystals having a violet roiloction (the free 
sulphoiiio acid). The substance dissolves in 
sulphuric acid with a yellow colour becoming 
red on dilution. 

Literature. — Uriess, Ber. 1877, 10, 528. 

Orange IV. (most firms); Itopmollne 00 
(C.) ; Aold Yellow D (A.) ; Orange N (B.) (I.) ; 
New Yellow (By.) ; p-Sulphobenzeneazodiphenyl- 
amine HSOj-CeH^ Nj C.H^-NH C.H*, Produced 

by the aoUou of diazotised sufpiianilic aoid on 
diphenylamino dissolved in alcohol or crude 
carbolic acid. The product is thrown on an 
opf'n filter, the paste dissolved in concentrated 
aqueous potassium carbonate and precipitated 
by adding sodium hydroxide. The colouring 
matter is not very readily soluble in water; 
the solutioA is yellow, and when strong deposits 

S is on cooling. Substance diasolves in 
rio acid with a violet colour, becoming 
and giving a greyish precipitate of the 
free sulphomc acid on ailution. The aqueous 
solution of the substance is coloured rM by 
dilute adds. 

When nitrated this colour furnishes a mono- 
uitro- doriva^ve together with a mixture of 
mono-, di-, and tri- nitrodiphenylamine ; 

* For detailed Information on the manufacture of 
BUliiihaulUo add and Iti bomologues see Mithlhiuier, 
DlSl. poly. J. 1887, 284, 181 and 238 ; Paul, Zdtsch. 
angew. Cbem. 1808, 0, 688. 


moderate nitration yields a yellow colouring 
matter which is touDd in oommaroe cinder the 
names of Cltronlne (D. H.) (I.) (L.) (K. S.) (O.) ; 
CureumaiDe (A.); Axoflsviiie 3 R ex. cono 
(T. M.) ; Cltronlne NB (P.) ; Indian Yellow R 
(By.) (C.) (H.). More eneraetio nitration of 
Orange IV. furnishes Azo Acid Yellow (A.) ; 
Azo Yellow (K.) (K. S.) (M.) ; Azo YeUow 8 G, 
ex. cone. (T. M.) ; Cltronlne 2 AEJ (P.) ; Azo- 
flavine S new (B.); Indian Yellow 0 (By.). 
Both dyestuffs are ochre-yellow powders and 
give with sulphuric acid reddish-violet and 
magenta-red solutions respectively. 

Metanil Yellow (most firms); Orange MN 
(1.) ; Trop»ollne 6 (0.) ; YeUow M (P.) ; MetanU 
Yellow GR extra (T. M.) ; m-Sulphobenzeneazo- 
diphenylamine HSO,G 4 H 4 *N,C 4 H 4 NHC 4 H,. 

18J [if jij 

Prepared in the same manner as the preceding 
from m-diazobenzenesulphonic acid ^ and di- 
phenylamine. Aqueous solution orange, giving 
no precipitate with alkalis, becoming red and 
precipitating with dUute acids. Dissolves in 
sulphuric acid with a dull violet colour, becoming 
magenta-red on dilution. 

Metanil Yellow S ; Acid Yellow 2 G (0.) ; is 
produced by sulphonating th‘e preceding coloar- 
I mg matter. 

Literature.— E. P. 1226 of 1879; 4966 of 
1880; Paul, Zeitsch. angew. Chem. 1896, 9, 
686. 

Metanil Y|Mow Bromlnated (P.). Prepared 
by the action of bromine on metanil yellow; has 
similar reaction. 

Literature. — E, P. 5696 of 1882; D. R. P. 
26642 ; F, P. 140114. 

Jaune SoUde N (P.) ; Bulphotolueneazodi- 
phenylamino HSO,-C 7 H 4 -N.C 4 H 4 *NH-C,H 4 . 

"[4]” 

Prepared from diazotised p-toluidine-o-sulphomo 
acid and diphenylamine; in its general pro- 
perties it resembles the two preceding dyes. 

Literature. — ^Roussin and Poirrier, E. P. 
4491 of 1878. 

ArchU Substitute V ; p-Nitrobenzeneazo- 
a'naphthylamine-4-Bulphonic acid 


N 04 C.H 4 N,Ci„H 4 (NH,)*HS 0 . 

Prepared by the action of diazotised p-nitro- 
aniline on naphthioiio acid * in weakly acid 
solution, riolutiou precipitated by acids and 
alkalis. Sulphuric acid gives a magenta- red 
solution, becoming brownish and precipitating 
on dilution. 

Literature . — Roussin and Poirrier, EXP. 
4490 of 1878 ; D. R. P. 6715 ; F. P. 12722\: 
Chem. Ind. 1879, 2, 292. . N 

Archil Substitute 3 VN (P.) ; p-Nitrobenzeoe- 
azo-a-naphthylaminesulphonio acid 

NO,*C4H*-N,'CwH4(NH,)SO,H 


Prepared by the action of diazotised p-nitro- 
aniline on a-naphthylamine-fi-sulphonio acid. 


* pc-AmluobeiizeaeBiilphoiiic add is prepared by 
sulphonating nitrobenzene and reducing the swiitio- 
benZBuesulphonlc add thus formed. 

* Napbtblonlo aoid is manufactured on a lam scale 
by heaADs napbtbylamine add sulphate, mixed with a 
mtle oxalic add, to about 180*. 
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Fomis a broam powder giving a red eolation in 
water or anlphurio acid. 

X^o^ure.— E. P. 12692 of 1887; D. R. P. 
46787 ; F. P. 185908. 

Aco Cardinal G (A.); p-Nitrobenzeneazo« 
ben^lethylanilinesulphonic acid 

N0,*C,H4N,C*H4N(C,H,)CH,C,H4S0,H 

Prepared by the action of diazotieed p-nitro- 
aniline on benzylethylanilinesulphonic acid. A 
brick-red powder giving a ^eddish-yellow solu- 
tion in water and a yellow solution in sulphuric 
acid, becoming red on dilution 

LUeraburt. — R. P. appl. A 3661. 

Palatine Chrome Brown W (B.); Acid 
Alizarine Brown B (M.); Anthracyl Chrome 
Brown D (D.) ; p-iSulpho o-hydr().X3'l^nzoncazo- 
m-phcnylenediamine 

SO,H*C.H,(OH)*N,-C,Hj(NH,), 

Prepared from diazotised o-aminophenol-p- 
sulphonic acid and m-phenylenediamine. A 
black- brown powder dissolving in hot water 
with an orange-brown colour, and in sulphuric 
acid to give a dark orange-brown solution. 

Liltraiure.—A. P. 028814 ; D. R. P. 78409 ; 
F. P. 284741. 

Omega Chrome Black PV, PB (K. 8.); 
Omega Chrome Blue B, R (K. 8.) are chrome 
colours prepared from o-diazophonols and aryl- 
1 : S-naphthylaminesulphonic acids. 

lAierabire.—E. P. 22738 o! KK)5 ; D. R. P. 
176025 ; F. P. 369222 ; A. P. 841371. 

Acid Anthracene Brown R (By.) is prepared 
from diazotised picramic acid and subatitutcd 
phenylenediaminesulphonic acids. The aqueous 
solution is reddish-brown, and that in sulphuric 
acid is reddish-violet, becoming yellowish -brown 
on dilution. 

Anthracyl Chrome Green (I).); Dinitro- 
phenolazo-a-naph thylarainc -4 - sulphonic acid 

OH-C«H,(NO,),N,C,on 6 (S 03 H)NH, 

Prepared by the action of diazotised picramic 
acid on naphthion*'' acid. Solution in water 
is reddish-brown, and in sulphuric acid bluish 
fiery red. 

Literature. — D. R. P. 142163. 

Alkali Brown (D.) ,* Benzo Brown 5 R (By.) ; 
Alkali Brown R (L. P.) ; Primulinoazo-m- 
phenvlenediamine P^ •Nj*CflH 3 (NH 3 ) 2 . Pre- 
parea from diazotised primuline or dehydrothio- 
p-toluidinesulphonic acid and m-phenylenedia- 
mine. Solution brownish-red, precipitated by 
acids or alkalis. Gives a bluish- violet solution 
with sulphuric acid. 

^ramlne Yellow R (B.) Diazotised primu- 
line is combined with nitro-m-phenylenediamine. 
Aqueous solution is reddish-yellow, and solution 
in sulphuric acid is brownish-yellow. 

XtWure.— E. P. 8664 of 1894; D. R. P. 
80973 ; F. P. 238340. 

Cotton Orange G (B.) ; Diazotised primuline 

is combined with m-phenylenediaminedisulphonic 
acid. It gives an orange-yellow solution ^ in 
water, and a brownish-orange in sulphuric acid. 

Literature. — E. P. 14678 of 1893 ; D. R. P. 
73369; F. P. 231694 ; A. P. 524262. ^ 

* P»tlie residue of primuline. 


Apollo Rod (G.); Arohll Snbititiite extra (C.) ; 
p - NitrobenzeneaKO-a-nMhthylammedisulphonio 
acid, NO,C.H 4 *N,-Ci 5 H 4 <NH,)(SOJI),. Pro* 
pared from diazotised p-nitroaniline and a- 
naphthylamine-4 : 6- or 4 : 7-disulphonio acid. 
Gives a brownish-rod solution in water and a 
magonta-rod in sulphuric acid. 

Xiierofure.— E. P. 9468 of 1887 A. P. 
376392; F. P. 184638. 

Brilliant Arohll C (0.) ; Azimide of ^-nitro- 
benzoneazo-1 ; 8-naphthylcnediaminedisulpho- 
nic acid 

no,c.h,-n,.c..h,(so,h)/^\nh 


Prepared by the action of nitrous acid on the 
product . from diazotised p-nitroaniline and 
1 : 8-naphthylcnodiamino-3 : 6-diBulphonio acid. 
A browni.sh-rod powder dissolving in water with 
a red, and in sulphonic acid with a blue, solution. 

Literalure.^E. P. 24714 of 1893; D. R..P. 
77426 ; F. P. 234837. 

Wool Violet S (B.) ; Dinitrobenzoneazo- 
diothylmctanilic acid 


(N 03 ),C 3 H 3 ‘N,*C.H,(S 03 H)*N(C.H 3 ), 


Prepared from diazotised 2 : 4-dimtroaniIine 
ana diethylmetanilic acid. A black powder 
giving a reddish-violet solution in water and a 
scarlet-rod in sulphuric acid. 

Lilerature.-^K P. 6197 of 1894; D. R. P. 
86071 ; F. P. 239096 ; A. P. 626666. 

Salmon Red (A.) ; Mcthylbonzenylamino- 
thioxylonolazo-^-naphthylaminc-3 : 6-uisulpbo- 
nic acid 



Prepared from diazotised dehydrothio-fn-xyli- 
dinc and /3-naphthylaminc-3 : O-disulphonic acid 
R. Aqueous solution is orange-red. Gives 
violet solution in sulphuric acid. 

Literature. — Paul, Zoitsch. angew. Chem. 
1806, 9, 680. 

Brilliant Yellow S (B.) (T. M.) (B K.) ; Yellow 
WR (I.) ; Curcumlne (G.) ; p-Sulphobenzene- 
azodiphcnylaminosulphonio acid. Prepared b^ 
sulphonaiing orange IV. Solution in water is 
yellow and in sulphuric acid bluish-red. 

Literature. — V. R. P. 21903. 

Lanacyl Violet B (0.); Disulphohydidzy- 
naphthalencazoethyl-a-naphthylamine 

(HS 03 ) 3 CioH 4 (OH)N 3 -C,tiHe-NHC,Hj 


Prepared from diazotised 1 : 8-aminonaphthol- 
3 : G'disulphonic acid and ethyl-a-naphthyl- 
amino. Solution in water is reddish violet, and 
in sulphuric acid is greenish-blue. 

Literature. — E. P. 12666 of 1896 ; D. R. P. 
94288; F. P. 267136. 

Tolyl Blue SR (M.) ; Sulphone Acid Blue R 

(By.). Frraared, as the precec\;ng, from diazo- 
tised H-amd and l-phenylnaphth^lamine-S- 
sulphonic acid. Solution in water is reddish- 
violet, and in sulphuric acid dirty blue. The 
corresponding colouring matter with the tolyl- 
substituted acid is Tolyl Blue SB (M.) ; Sulphone 
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Add Blue B (By.) ; BifflUillt Cloth Blm in. F 
(K.) ; it dissolves in water to a reddish-blue, 
and in sulphuric acid to a dirty violet solution. 

E. P. 24830 of 1898 ; D. R. P. 

70671, 108646. 


B. Carboxylio Adds of Amlnoazo- Compounds. 

Yellow fast to-soap (P.) ; tn-Carboxybenzene- 
azodiphenylamine 

C0,HC,H4N,C,H4NHC,H» 

Prepared by the action of m*diazobenzoic acid 
on diphenylamine. Used in wool-dyeing and 
especially calico-printing ; the shades are very 
fast to soap. A brown paste, sparingly soluble 
in water. Solution Incomes reddish-violet 
with acids. Dissolves with a violet colour in 
sulphuric acid, becoming red on dilution. 

Lilaralwre,—^. P. 4621 of 1883; D. R. P. 
20Qbl ; F. P. 167766 ; A. P. 207862. 


C. Hydroxyazo- Compounds. 

Sudan Brown (A.) (Sch.) ;■ Brown G (c. J.) ,* 
Pyronal Brown (D.); Oil Brown (Farbwerk 
Ammorsfoort) (Wicscher & (*o.) ; a-Naphthalene- 
azo-a-naphthol Cio}£ 7 *N,*CioH«*OH. Prepared 
by the action of diazotised a-naphthylamine on 
a-naphthol in alkaline solution. 

Literature. — K. P. 786 of 1878 ; D. R. P. 
6411 ; F. P, 123148 ; A. P. 204799; Frankland, 
Trans. Chem. Soo. 1880, 37, 762. 

Sudan G (A.) (W.) ; Carminaph J (D. H.) ; 
Ceraslne Orange G (0.); Cerotine Yellow R 
(0. J.) ; Chryso'in Insoluble (P.) ; Pyronal 
Yellow (D.) ; Oil Orange (I.) ; Bonzonoazoresor- 
cinol C 4 H 4 'N|*CeH,(OH)|. Prepared by the 
action of cUazobenzene chloride on resorcinol in 
alkaline solution. Solution of colouring matter 
in alkali hydroxide is orange-yellow, giving a 
brown precipitate with acids. Dissolves in 
sulphuric acia with a yellowish-brown colour. 

Literature . — Baeyer and Jager, Ber. 1876, 8, 
161; Typke, ibid. 1877, 10, 1676; Wallach, 
ibid. 1881, 14, 24 ; Wallach and Fischer, ibid. 
1882, 16, 2814 ; Meyer and Kreis, tbid. 1883, 
16, 1329; Liebermann and Kostanecki, tbtd. 
1884, 17, 880; Heumann and Oeconomides, 
ibid. 1887, 20, 904 ; Will and Pukall, ibid. 1120 ; 
I’ukall, ibid. 1 147 ; Fischer and Wimmer, »&td. 
1678 ; Will, ibid. 1888, 21, 604 ; Kostanecki, 
ibid. 3110. 

Sudan I (A.) (K.) (W.) ; Carminaph (D. H.) ; 
Cerotine Orange G (0. J.) ; Oil Orange (0.) (Farb- 
werk Ammorsfoort) (Wiesoher A Co.) ; Motl 
Orange R (T. M.); Pyronal Orange (D.); 
Spirit Orange (L.) ; Scarlet B (B. K.) ; Oil YeUow 
(Sch.); Insoluble Aniline Orange (P.) ; Benzene- 
azo-jS-naphthol CgHs-NjUioHj'OH. Prepared 
from diazobonzono chloride and )8-naphthol. 
A brick-red powder insoluble in water. Used 
for colouring oils, Ac. 

Literature. — Liebermann, Bor. 1883, 16, 2860 ; 
Denare, Gazz. ohim. ital. 1886, 16, 406 ; Zinoke 
and Bindewaldf^Ber. 1884, 17, 3031 ; Zinoke and 
Rathgen, ibid, 1886, 19, 2484 ; Fischer and Wim- 
mer, ibid. 1887, 20, 1679 ; Weinbeig, ibid. 3172 ; 
Jacobson, ibid. 1888, 21, 416 ; Meldola and East, 
Trans. Chem. Soo. 1888, 63, 460 ; Meldola and 
Morgan, ibid. 1889. 66, 603; Goldschmidt and 


RoseU, Ber. 1890, 23, 496; Goldschmidt and 
Bmbaoher, ibid. 1891, 24, 2306; McPherson, 
Ber. 1896, 28, 2418; Fanner and Hantzsch, 
ibid. 1899, 32, 3100; Mohlau and Strohbach, 
tdid. 1900, 33, 806 ; Goldschmidt and Koppelcr, 
^id. 894 ; Mohlau 4nd Kegel, ibid, 2S1Z ; 
Betti, Gazz. chim. ital. 1900, 30, ii. 164. 

Pigment Fast Red HL (M.) ; HeUo Fast Red 
RL (By.) ; Llthol Fast Searlet R, RPN (B.) ; 
Graphitol Fast Red GAERR (0.) ; Sitara Fast 
Red RL (T. M.) ; m^itrotolueneazo-jS-naphthol 

NO.CjH.N.-CioH.OH 

Prepared from diazotised m-nitro-p-toluidine 
and 3-naphthol. Used only for lakes. 

Literature. — E. P. 19100 of 1906; D. R. P. 
appl. F 20265 ; F. P. 367868. 

Tusealine Orange G (B.). Prepared from 
diazotised m-nitro-o-anisidine and /9*naphthol is 
used in calico-printing and as a lake. 

Sudan II (A.) (K.); Cerotine Scarlet G 
(0. J.) ; Moti Red G (T. M.) ; Pyronal Red R 
(1>.) ; Orange RR (B. K.) ; Insoluble Xylidine 
Ponceau (P.) ; Xyleneazo-iS-naphthol 

C.H,(CH,).Na*C,oH.OH 

Prepared from diazotised xylidine and /9- 
napnthol. 

Carminaph Garnet (D. H.) ; Cerotine Scarlet 
2 R (C. J.) ; Oil Red Broum (Farbwerk Ammers- 
foort) ; Pigment Bordeaux N (M.) ; Autol Red 
(B.); Insoluble Naphthylamine Ponceau (P.); 
a-Naphthalcncazo-jS-naphthol 

C 1 |>H 7‘N|*C I oU 4*0H 

Prepared from diazotised a-naphthylamine and 
jS-naphthol. An insoluble paste used in print- 
ing. {See also Naphthylamine Bordeaux. 

Azophosphine GO (M.). Chloride of m- 
trimethylaminobenzeneazorcsorcinol 

ClN(CH3),C4H4N,*C.Ha(OH), 

Prepared from diazotised m-aminophenyltri- 
met nylammoniu m chloride and resorcinol. Solii - 
tion m water is yellowish-rod, and in sulphuric 
acid brownish-red. A similar dye is Azophos- 
phine BRO (M.). 

Literature. — £. P. 14494 of 1895 ; D. R. P. 
87267 ; F. P. 249227 ; A. P. 626913. 

New Phosphine 6 (C.); W-Dimethylamino- 
tolueneazoresorcinol 

N(CH,)3CH3*C4H4N,-C4H,(0H), 

Prepared from diazotised p-aminobenzyldi- 
mcthylamino and resorcinol. Gives a yellowish- 
brown solution in water and sulphuric acid. 

Literature.— E. P. 22672 of 1892 ; D. R. P. 
70678 ; F. P. 226968 ; A. P. 616100, 

Tannin Orange R (C.); a>-Dimethylamino- 
tolueneazo- iB-naphthol 

N(CHa),-CH,*C4H4*N,CioH4-OH 

Prepared from diazotised p-aminobenzyldi- 
me&ylamine and jS-naphthol. A brown powder 
or a 60 p.o. paste. Sparingly soluble in water, 
with a brown colour. Gives a yellowish-brown 
solution^in sulphuric acid. 

Literature. — ^As for the preceding colour. 
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AfOehroinllM (G.) ; Tetrahydroxyazoben- 
zene OH‘C«H4‘Nt*CcHa(OH)a. mpared from 
diazotised }>-ammophenol and pyrogallol. Com> 
mercial product is a 30 p.o. paste, giving a 
dark-yellow solution in boiling water. With 
sulphuric acid it gives a baown solution. 

Literalure. — K, P. 11902 of 1893; D. R. P. 
81109 ; F. P. 230937 ; A. P. 648460. 

Diadne Blaek (K.) ; Safranineazophenol. 
Prepared from one of the varieties of satranine 
and phenol. Its solution in water is dark 
green- blue, and in sulphuric acid green. 

Litpraiure. — Mon. Sci. 1886, (iii.) 16, 984. 

Indolne Blue R (B.) (O.) ; Janus Blue (M.) ; 
Naphthindone (G.) ; Vae Blue (H.) ; Fast Cotton 
Blue B (0.) ; Indole Blue (A.) (L .) ; Dlazlne Blue 
(K.) ; Madras Blue P (P.) ; Indone Blue (By.) ; 
Fast Blue B (T. M.) ; Indogenin (Delft Colour 
Works) ; Safranineazo-8-naphthol. Prepared 
from various safranines and i3-naphthol. It 
gives a violet solution in water, and a greenish- 
brown in sulphuric acid. 

Literature.— E. P. 4643 of 1891, 18769 of 
1893, 3488 of 1896, 23986 of 1898 ; D. R. P. 
61692, 86690, 86932, 91721, 92016, 105433, 
108497 ; F. P. 212276, 246239, 260239, 283013, 
286360; A. P. 624251, 624264; Walter, Aus 
der Praxis der Anilinfarbenfabrikation, 1003, 
306 (where the preparation is described in 
detail). 

Methyl Indone B, R (0.) is prepared from 
diazotised safranine and an aminonaphthol. 
The aqueous solution is blue, and that in sul- 
phuric acid greenish-blue. 

Literature. — D. R. P. appl. L 3377. 

Azarine S (M.) 

OHC4H,C1,NHN(SO,-NH4)CioH«OH 
4 : 6-Dichloro-2-aminophenol is diazotised and 
combined with /3-napnthol, and the product is 
treated with ammonium bisulphite. It forms a 
yellow paste, giving a yellow solution in water 
and a magonta-red solution in sulphuric acid, 
giving a reddish-brown precipitate on dilution. 

Literaiurc,—E. P. 6767 of 1883; D. R. P. 
29067 ; F. P. 159604 ; A. P. 302790, 306546. 

Sulphamine Brown A (D.); a-Naphthlne 
Brown (P.) is prepared by the action of diazo- 
tised a-naphthylamine on the sodium bisulphite 
compound of nitroso-iS-naphthol. It dissolves 
in water to a brown, and in sulphuric acid to a 
green, solution. Sulphamine Brown B (D.) is 
made from )9-naphthylamine ; the aqueous 
solution is red, and that in sulphuric acid is 
violet. 

Literature. — ^E. P. 11666 of 1893 ; D. R. P. 
79683 ; F. P. 239100. 

D. Sulphonie Acids of Hydroxyazo- Compounds. 

1. Monosulphonic Acids. 

Chrysoi'n (most firms} ; Tropmoline 0 (0.) ; 
Resorcin YeUow (A.) (B. K.) (K.) (T. M.) (H.) 
(Sch.) : Gold Yellow (By.) ; Acme Yellow (L) ; 
p-Sulphobenzeneazoresorcinol 

HS0,*C4H4-N4C4H,(0H), 

Produced by the action of diazotised sulphanilic 
acid on resorcinol in alkaline solution. Solution 
of colouring matter orange ; substance dissolves 
in sulphuric acid with a yellow colour. 

Ltterofttre.— Oriess, Ber. 1878, 11, ^196 ; 
Witt, Trans. Chem. Soc. 1879, 36, 183. 


Acid AUsarino Oanel R (M.),* p-Sulpbo- 
phenolazoresoroinol 

HSO,04H,(OH)NtC4H,(OH), 
Similarly prepared from o-aminophcnol-p-sul- 
phonic acid and resorcinol. Solution in water 
or sulphuric acid is orange-brown. 

Orange II (Most firms); Mandarin G (A.) 
(B. K.) (By.); Gold Orange (By.) (B. K.) (D.) 
(T. M.) ; Orange Extra (C.) ; Orange A (L.) (Sch.) ; 
Orange P (0.) ; Orange G (B. K.) (H.) ; Acid 
Orange (Q.) ; p-Sulphobenzeneazo-)3-naphthol 
HS04-CnH4*N.‘CioH**OH. Prepared from diazo- 
tised siilplianific acid and i8-naphthol. Solution 
orange, oecoming red on addition of sodium 
hydroxide. Solution in sulphuric acid red, 
becoming orange on dilution. 

Literature. — Hofmann, Ber. 1877, 10, 1378; 
Gricss, ibid. 1878, 1 1, 2198 ; Witt, ibid. 1879, 12. 
269; Miller, ibid. 1880, 13, 268; Witt, Chem. 
Zeit. 1880, 4, 437 ; Miililhauser, Dingl. poly. J. 
1887, 264, 181, 238; Paul, Zeitsch. angow, 
Chem. 1890, 9, 686 (tho last two papers give 
details of tho manufacture). 

Orange R (I.) (C.) (D. H.) (B.) (Sch.); 
Orange T (K.) (T. M.) ; Kermesin Orange (L.) 
Sulpho-o-toliiencazo-/8-naphthol 

HSOa^C-HeN^CioH.-OHO) 

Homologous with tho preceding, the diazotised 
sulphonie acid of r>-to1uidino being used instead 
of sulphanilic acid. 

Literature. — Tho manufacturo is described 
in the paper by Muhlhausor already referred to. 

Lithol Rublne B (B.) ; Permanent Red 4 B 
(A.); Pigment Rublne R (A.) ; Sulpho-p-tolueno- 
azo-8-hydroxy-3-naphthoic acid 

HS03*C7H4N.C,oH4(OH)CO,H 

Prepared by the action of diazotisod p-toluidine- 
sulphonio acid (CH* : NH, : SOjH—l : 4 : 3) on 
8-hydroxynaphthoic acid. A fiery red powder 
or paste used for making lakes. 

Literature.— E. P. 11004 of 1903; D. R. P. 
161205; F. P. 332146; A. P. 741029. 

Azofuchslne B (By.) ; Tolueneazo-1 ; 8-dihy- 
droxynaphthalonosulphonic acid 

CH,C.H4*N3CioH4(OH)3*SOaH 
Prepared by the action of diazotised commer- 
cial toluidine on 1 : 8-dihydroxynaphthalene-4- 
sulphonic acid. Solution in water is bluish- 
red, and in sulphuric acid violet. 

LUerature.—E. P. 18517 of 1889; D.^. P. 
64116 ; F. P. 203744 ; A. P. 466841, 468142.* 
Ponceau 4 GB (A.) (Lev.) (B K.) ; Croeelne 
Orange (By.) (B. K.) (K.) (P.) ; Croceine Orange 
Y(Sch.); Croceine Orange OR (T. M.) ; Brilliant 
Orange G (M.) (C. J.); Orange GRX (B.); 
Pyrotlne Orange (D.) ; Benzoneazo-/9-naphthol- 
sulphonic acid C«H5*N3'C,oH6(SOaH)*OH(8). 
Prepared by tho action of diazobenzene chloride 
on 8'naphthol-6-sulphonic acid (Sch&ffer’s acid) 
in alkaline solution. Solutions in water or 
sulphuric acid are orange-yellow. 

Literature. — Griess, Ber. 1878, 11, 2197. 
Orange OT (By.) ; Orange RN (Pi.) ; Brilliant 
Orange 0 (M.); BriUlant Orange RO (C. J.); 
Croebine Onmge R (Bv.) (T. M.) ; Tolueneazo-iS- 
naphtholsulphonio acid 

C 7 H,N,C,oH 4 (SO,H)OH 08 ) 
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Prepared bv diazotieiiig oommeroial tolaidien 
ana oombinuifl with 8ch&Rer*s /3-naphtholmono- 
Hnlphonio aom in alkaline solution. Orange 
aqueous solution gives an oily precipitate with 
amds. Dissolves in sulphuric acid with a 
magenta-red colour, giving an oily deposit on 
dilution. 

Literature. — E. P. 623 of 1879; Ber. 1880, 
13, 686. 

Scarlet OR (A .) ; Scarlet R (By.) ; Brilliant 
Orange R (M.) (0. J.) (B. K.) ; Orange L (Lev.) 
(P.) (0.) ; Xylldine Orange 2 R (T. M.) ; Orange N 
(K.) (B.) ; Ponceau 2 G (B.). Homologous with 
the last; prepared from diazotised xylidine 
and Schaffer's acid. Dissolves in sulphuric 
acid with a rod colour, becoming brown and 
precipitating on dilution. 

Literature. — Levinstein, Ber. 1880, 13, 686. 

Azococelne 2 R (A.) ; Double Searlet R (Lev.) ; 
Jute Scarlet (D.); Ponceau R for Jute (B.) ; 
Xyleneazo-a-naphtholsulphonic acid 

* (CH,),C,H,-N,-C,oH 5 (S 03 H)*OH(«) 

Prepared by the action of diazoxylone chloride 
(commercial xylidine diazotised) on a<naphthol- 
4-sulphonic acid in alkaline solution. Aqueous 
solution not precipitated by alkalis ; when hot 
and concentrated deposits bronzy crystals on 
cooling. Dissolves in sulphuric acid with a 
reddish- violet colour, becoming brown and pre- 
cipitating free acid on dilution. 

Literature. — E. P. 2237 of 1883; D. R. P. 
26012. 

Cochineal Scarlet 4 R (Sch.). Isomeric with 
the preceding, a-naphthol-6-sulphonic acid being 
used instead of the 4-8ulphonic acid*. Dissolves 
in sulphuric acid with a magenta-jed colour, 
giving a precipitate on dilution. 

Azoeosine G (K.) (By.) (Lev.); Cochineal 
Scarlet R (D.); Buffalo Flamlne G (Sch.); 
Anisoleazo-a-naphthol-4-sulphonic acid 

CH,0C«H3NaCi,H5(S03H)*0H 

Prepared from diazotised o-anisidine and a- 
napnthol-4-sulphonic acid. Gives a red solution 
in water and a carmine-red in sulphuric acid. 

Literature. — E. P. 2237 of 1883. 

Benzoyl Pink ; Rose de Benzoyl (P.) ; Benz- 
oylaminoditolylazo-a-naphthol-4-Bulphonic acid 

C,H5CONHC3H4-C,H4*N,CioH«-OH 

U, Lh, ^o,h 

Prepared from diazotised monobenzoyl-o-toli- 
dihe and a-naphthol-4-sulphonic acid. A brick- 
red paste, giving a cherry-red solution in water, 
and a bluiim-red solution in sulphuric acid. 

Literature. — D. R. P. 00332. 

Double Ponceau R, 2 R, 3 R, 4 R (By.) ; 
a-Naphthalcneazo-a-naphthol-6- sulphonic acid 
CioH 7*N2 *C,oH 4(S03H)-OH. Prepared from di- 
azotised a-naphthylamine and a-naphthol-5- 
sulphonic acid. Gives an orange-red solution in 
water, and a red in sulphuric acid. 

Fast RedBT (By.) (Lev.) (D. H.) (B. K.) ; o- 
Naphthaleneazo - jS- naphthol - 6 - sulphonic acid. 
Tsomerio wiiSl the preceding. Prepared from 
diazotised a-naphthylamine and i3-naphthol-6- 
sulphonio acid (Sohhffer). Gives a red solution 
in water and a violet in sulphuric acid. 

Literature.--^ P, 786 of 1878; D. R. P. 
6411 ; F. P. 123148 ; A. P. 204799. 


Pigment Searlet 0 (M.); Carbozybenzene- 
azo-/3-naphthol-6-8alphonio add 

CO,H*C4H4N,C,oH,(SO,H)OH 
Prepared from diazotised anthranilio add and 
Schaffer salt. A brqpzy-red powder giving a 
yellowish-red aqueous solution and used for 
the preparation of lakes. 

Literature.— jy, R. P. 176828; P. P. 366110. 

Fast Brown N (By.) ; Chrome Brown RO (M.) ; 
Naphthylamlne Brown (B.) ; p-Sulphonaphtha- 
leneazo-tt-naphthol HSOs'CioHs'^i’CioHt’OH. 
Prepared by the action of diazotised a-naph- 
thylamine-4-sulphonic acid (naphthionic acid) 
on a-naphthol in alkaline solution. Colouring 
matter gives a reddish-brown solution, not 
changed by acids or alkalis. Dissolves in sul- 
phuric acid with a reddish-violet colour. 

Literature. — E. P. 786 of 1878; D. R. P. 
5411, 87003 ; F. P. 123148 ; A. P. 204799. 

Fast Brown 8 B (A .) ; Suiphonaphthalene-2- 
azo-a-naphthol HSOa'CioH**N,*CioHa*OH. Pre- 
pared by the action of diazotised js-naphthyl- 
amine-6-8ulphonio acid on a-naphthol in alkaline 
solution. 

Aqueous solution brownish-red, becoming 
violet with dilute acids and red with alkalis. 
Solution in sulphuric acid blue, giving reddish- 
violet precipitate on dilution. 

Literature. — E. P. 3724 of 1882 ; D. R. P. 
22647 ; F. P. 160603 ; A. P. 332829. 

Permanent Orange R (A.); Chlorosulpho- 
benzeneazo-jB-naphthol 

HSOaCaHsClNj-CioH.-OH 

Prepared from diazotised m-chloroaniline-o- 
sulphonio acid and jB-naphthol. It is an orange 
paste used for making lakes. 

Fast Orange 0 (M.) ; Nitrosulphobenzeneazo- 
/3-naphthol 

HSO,C.H 8 (NO,)N,C,oH 40 H 


Prepared from diazotised o-nitroaniline-p-sul- 
phonic acid and /3-naphthol. An orange powder 
used for making lakes. 

Literature. — E. P. 16409 of 1901 ; D. R. P. 
129639 ; F. P. 313598 ; A. P. 714883. 

Lake Red P (M.) ; Isomeric with the pre- 
ceding. Prepared from diazotised p-nitro- 
anilino-o-sulpnomo acid and /3-naphthol. It is a 
yellowish-red paste used for making calcium 
and barium lakes. 

Literature. — E. P. 16409 of 1901 ; D. R. P. 
128456 ; F. P. 313698 ; A.-P. 714882. 

Lake Red C (M.) ; Chlorosu^hotolueneazo- 
j8-naphthol HSOj’C^HsClJl’Na’CioHg’OH. ^ Pre- 
pared from diazotised 6-chloro-3-toluidine-4- 
sulphonic acid (OHj^l) and jS-naphthol. An 
orange paste us^ for making the red barium 
lake. 

Literature. — E. P. 23831 of 1902 ; D. R. P. 
146908 ; F. P. 328131 ; A. P. 733280. 

Chrome Fast Cyanine G (I.), introduced into 
commerce in 1907, is prepared by the action of 
diazotised l-amino-2-naphtholsulphonic acid on 
a-n^hthol. 

Erioohrome Blue Blaek B (6.); Sulpho- 
naph^olazo-a-naphthol 

^ HSO,CioH5(OH)-N,*CioH. OH 
Prepared by the action of diazotised 1 -amino- 
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^•iiaphthoI-4-aulphomc acid on a-naphthol.^ 
The olaokiah-TioIet iMueous solution on addition 
of hydrochlorio acid becomes first reddish- 
brown, and then sives a brownish-black pre- 
cipitate. With somum hydroxide the solution 
b^omes first blue and, on«adding excess, finally 
red. The solution in sulphuric acid is blue, 
giving a violet-black precipitate on dilution. 

Lxttrature.—^. P. 16025 oi 1904 D. R. P. 
181326 ; F. P. 360066 ; Ital. P. 73530 ; Aust. 
P. 30630. 

Erloehrome Blaek T (G.),- Nitrosulpho- 
naphtholazo- a-naphthol 

NO,CioH 4 (S 03 H)NaC,oHaOH 
Prepared by the action of diazotisod 8-nitro-l- 
amino-/8-nap'hthol-4-8ulphonio acid on a-naph- 
thol. The reddish-brown aqueous solution 
gives a violet-brown precipitate with hydro- 
chloric acid, and, with sodium hydroxide, 
becomes first deep-blue and then red. The 
solution in sulphuric acid is blackish -blue, 
giving a brown precipitate on dilution. 

xScro/Mre.—E. P. 16982 of 1904 ; D. R. P. 
169683 ; F. P. 350071 ; Ital. P. 73631 ; Aust. P. 
127191. 

Double Brilliant Scarlet G (A.) (Lev.) (K.) 
(T. M.) (A.); Scarlet for silk (M.); Double 
Scarlet (D.). Prepared from i3-naphthylaminc- 
6 -sulphonio acid and )S-naphthol. Aqueous solu- 
tion gives brown precipitate with dilute acids. 
Dissolves in sulphuric acid with a red colour, 
giving a brown precipitate on dilution. 

Uierature,—^. P. 3724 of 1882 ; D. R. P. 
22547 ; F. P. 160603 ; A. P. 332829. 

Fast Red cone. (Sch ) ; Fast Red A (B.) 
(0. J.) (Lev.) (B, K.) (By.) (Claus & Co.) (L.) (K.) 
(D.) (T. M.)(0.) j Roccelllne(D. H.) (B. K.) (C.) 
(I.) (G.) (P.) (K. S.) (T. M.) (Central Dyestuff 
and Chemical Co.); Fast Red AV (B.); Fast 
Red 0 (M.); Cardinal Red (H.); Rubidine 
(B. K.) ; Sulphonaphthaleneazo-^-naphthol 

HSO,CioHo-NaCioH«OH 
Prepared by the action of diazotised naphthionio 
acid on jS-naphthol in alkaline solution. Sub- 
stance dissolves in hot water with a reddish- 
brown colour ; concentrated solution when 
rapidly cooled solidifying to a brown gelatinous 
mass. Soluble in sulphuric acid with a violet 
colour, becoming brown and giving a precipitate 
of the free acid on dilution. The corresponding 
colouring matter from a-naphthylamine-6-8ul- 
phonic acid is called Brilliant Fast Red G (B.). 

Literature.— P. 786 of 1878; D. R. P. 
6411 ; F. P. 123148 ; A. P. 204799 ; Griess, Ber. 
1878, 11, 2199: 1879, 12, 1364. 

Acid Ponceau (D. H.) (K. S.) ; Ponceau for 
Silk (P.) ; Ponceau S for silk (I.) ; Ponceau G 
foe Silk (K.) ; Searlet for Silk (B.) ; Sulpho-jS- 
naphthaleneazo-j3-naphthol 

HSOjCioH.N.CioH.-OH 

^ In the constitutional formula of this rolpurlng 
matter, kindly communicated along with other informa- 
tion to the writer by the manufacturers, the azo- group 
is shown attached to the 2- position of the a-naplrthoJ, 
al^oufl^ the 4- position is unoccupied. The oombtoa- 
tion is probably effected In presence of very oonMntrated 
alkali hydroxide. Other examples of this ortho- 
binatlon are known, both in the benzene and naphma- 
lene series. (Compare Michel and Grandmougin, Ber. 
1808, 20, 2858 ; Bamberger, fMd. 1900. 83, 8188« Bam- 
bener and Meimberg, iHd. 1805. 28. 1880 : Bamberger, 
Wd.S4B: D. R. P. 14443.) 

VoL. t—T. 


Prepared by sulphonating /8-naphthylamine, 
diazotising the mixed isomerio sulphomo acids, 
and combining with i9-naphthol in alkaline 
solution. Aqueous solution gives a brown pre- 
cipitate with dilute acids. Dissolves in sul- 
phuric acid with a red colour, becoming brown 
and precipitatiM on dilution. 

Idthol Red R (B.) ; Sulphonaphthaleneazo- 
i8-naphthol HSO,C,oH«N 3 C,oIi 6 *OH. Pre- 
pared by the action of diazotised /9-napht^l- 
amine- 1-sulphonio acid on j3-naphthol. The 
commercial product is a paste which is only 
very sparingly soluble even in hot water. It 
is used exclusively in the manufacture of lakes. 

Literature. — E. P. 25611 of 1899; 4869 of 
1909 ; 7922 of 1910; 1). R. P. 112833 ; F. P. 
297330 ; A. P. 050767. 

Lake Bordeaux B (M.). Prepared from the 
same diazo- compound as the preceding and 
jS-hydroxynaphthoio acid. It is a bordeaux- 
red paste used for making lakes. 

Lt7emfwrc.— E. P. 7361 of 1907 ; D. R. P. 
206080 ; F. P. 385670 ; A. P. 868065. 

Clayton Cloth Red (Cl. Co.); Stanley Red 
(Cl. Co.) ; Titan Scarlet (H.) ; Sulphobenzonyl- 
aminothiocrosolazo-jS-naphthol 

CH,C.H,/'%CC.H,(SO,H)N,C.oH,-OH 

Prepared by the action of diazotised debydro- 
thio-p-toluidinosulphonio acid on jS-naphthol. 
The commercial product is the ammonium salt. 
Forms a reddish-brown solution in water, and a 
violet-red with sulphuric acid. 

Literature. — E. P. 18901 of 1889; D. R. P, 
51331. 

Acid Alizarine Violet N (M.) ; Palatine 
Chrome Violet (B.) ; Anthracene Chrome Violet 
B (0.): Ortho Cerise B (A.); Copper Red N 
(M.) ; Sulphophenolazo-/3-naphthol 

OHC6H3(SO,H)N.OioH,OH 

Prepared from diazotised 2-aminophenol-4- 
sul^monio acid and /9-naphthol. Aqueous solu- 
tion is dark bordeaux-rod, and solution in 
sulphuric acid is magenta-rod. 

Literature. — ^D, R. P. 78409 ; D. R. P. appl. 
A 7938 ; F. P. 310608. 

Acid Alizarine Black R (M.) ; Nitrosulpho- 
phenolazo-)9-naphthol 

OH'C,H 3 (NO,)(S 03 H)-N,CioH,-OH 

Prepared from diazotised 6-nitro-2-aminophenol- 
4-Bulphonio acid and ^-naphthol. Aqueeus 
solution is brownish-violet, and solution in 
sulphuric acid is reddish-violet. 

Literature. — E. P. 2772 of 1900; D. R. P. 
143892 ; F. P. 300011 ; A. P. 667935. 

Anthraoene Chrome Black (0.); Sulpho- 
naphtholazo- jS-naphthol 

HSO,-CioH3(OH)Ng*OioH3-OH 

Prepared by the action of diazotised 3-amino- 
j9-naphthol-7-8u]phonio acid (R.) on jS-naphthol. 
Aqueous solution is red ; hydrochlorio acid gives a 
reddish-violet precipitate, and sodiiim hydroxide 
turns it bluish-violet. Solution in sulphurio 
acid is bluish-green, giving a reddish-violet 
precipitate on duution. 

]AUfatuTe.—l&. P. 28107 of 1897 ; D. R. P- 
109932 ; F. P. 272620, 272621. 

2 H 
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, Palatine dirome Blaek 6 B (B.) ; Erloehrome 
Blue Blaek R (G.) ; Salleln Blaek (K.) ; Aeid 
Alizarin Blue Blaek A (M.); Diamond Blue 
Blaek EB (By.); Anthracene Blue Blaek BE 
(C.); Chrome Fast Black PW (I.); Chrome 
Blue N (P.). Isomeric with the precedinff. 
Prepared from diazotised l-amino-zS-naphthm- 
4*sulphonic acid and ^-naphthol. Blue aqueous 
solution gives yellowish-brown precipitate with 
hydrochloric acid, and turns first blue and then 
red with sodium hydroxide. Solution in sul- 
phuric acid is dark-blue, giving a blackish -brown 
precipitate on dilution. 

Literature. — E. P. 27372 of 1903 ; 4007 and 
16026 of 1904; D. R. P. 166440, 100536, 
181326, 171024, 188645, 190093, 181714. 189175; 
1>. R. P. appl. G 21484 ; F. P. 338819, 350056 ; 
A. P. 770177. 

Salleln Blaek UL (K.) is the zinc sodium salt 
of the above, and is prepared by diazotising 
l-amino-j8-naphthol-4-8ulphonic acid with zinc 
nitrite and combining the diazo -compound with 
/9-naphthol in concentrated alkaline solution. 

Lilerature.‘-‘E. P. 23034 of 1006 ; 22200 of 
1909 ; 1>. R. P. 176593, 195228 ; F. P. 363780 ; 
A. P. 807422 ; Tomioka, J. Soo. Chem. Ind. 
1917, 30, 1043. 

Erloehrome Black A (G.); Nitrosulpho- 
naphtholazo-i9-naphthol 

NOa-C,oH4(SO,H)(OH)N,-Ci^Ho-01L 
Prepared from diazotised S-nitro-l-amino-A* 
naphthol-4-8ulphonic acid and /3-naphthol. 
X)ark-bluo aqueous solution gives a reddish- 
brown precipitate with hydrochloric acid, and 
becomes cherry-red with sodium hydroxide. 
Solution in sulphuric acid is dark- violet blue, 
giving a brown precipitate on dilution. 

LSerafwre.— E. P. 16982 of 1904 ; D, R. P. 
109083 ; F. P. 360071 ; A. P. 7903(53 ; Ital. P. 
73631 ; Aust, P. 27191. 

Diamond Blaek PV (I3y.) ; Sulphophenolazo- 
1 : 6-dihydroxynaphthalone 

OHC.H,(SO,H)-N,CioH5(OH)a 
Prepared from diazotised o-aminoplicnol-p-sul- 
phonio acid and 1 : 6-dihydroxynaphthalene. 
The azo- group enters the 2-po8ition in the latter 
component. Bluish-red aqueous solution gives 
a dark-red precipitate with hydrochloric acid. 
Solution in sulphuric acid is blackish-green, 
giving a reddish precipitate on dilution. 

Literature.’— E. P. 18139 and 18509 of 1902 ; 
Fischer, J. pr. Chem. 1917, [ii.] 96, 201. 

Azo Acid Blue (M.) (By.) ; Ethyl Acid Blue, 
RRo(B.). Is prepared by the action of diazo- 
tised p-nitroaniline on 1 : 8-dihydroxynaphtha- 
lcne-4-8ulphonio acid, reducing the nitro- group 
and alkylating the product, or by the action of 
diazotised dialkyl-p-phenylenediamine on the 
sulphonio acid. It gives a blue-violet solution 
in water and a reddish- violet in sulphuric acid. 

Literature.— E. P. 8270 of 1892 ; D. R. P. 
70886, 77169 ; F. P. 221363 ; A. P. 667616. 

Milling Yellow (Lev.) (D.) (L.); Chrome 
Yellow D (By.) : Anthracene YeUow BN (G.) ; 
Mordant Yellow (B.) (M.) ; Chrome Fast Yellow 
R(A.); SaUcia* Yellow D (K.) ; Allzarol Yellow 
(Sch .) ; Sulphonaphthalenoazosalicylio acid 
. HSO, CioHe*N, C,H,(CO,H)*OH 
Prepared by the action of diazotised A-naphthyl- 
amine-6-(or 5-)-sulphonic acid on salicylic acid. 


Solution in water is yellow, and in sulphuric 
acid yellowish-red. 

Literature. — ^P. P. 206766. 

Oriol YeUow (G.) ; Cotton Yellow R (B.) ; 
Alkali Yellow (D.). Prepared by the action of 
diazotised dchydrothio-p-toluidinesulphonic acid 
or primuline on salicylic acid. Gives an orange- 
yellow solution in water, and a scarlet-red with 
sulphuric acid. 

Literature.— D. R. P. 48466 ; F. P. 192628 ; 
A. P. 398990. 

Erloehrome Phosphine R (G.) ; Nitrosulpho- 
benzeneazosahcylic acid 

N0,-CeH3(S03n)N,-C«H3(C0,H)0H 
Prepared by the action of diazotised p-nitro- 
anilme-o-sulphonic acid on salicylic acid. 
Yellowish-orange aqueous solution becomes pale 
orange with hydrocMoric acid, and blue-red with 
sodium hydroxide. Solution in sulphuric acid 
1.S j'ellowish-orango giving a pale-yellow precipi- 
tate on dilution. 

Literature.— D. R. P. 220242. 

2. Disulphonio Acids. 

Chrome Brown RR (G.) ; Disulphophcnol- 
azopyrogallol 

01IG,H,(S03H)3N3acH3(0H), 

Prepared by the action of diazotised p-amino- 
henol-2 : 6-disulphonio acid on pyrogallol. 
olution in water is yellow, and in sulphuric 
acid brown. 

Literature. — E, P. 11902 of 1893 ; D. R. P. 
8U09 ; F. P. 230037 ; A. P. 6484(50. 

Orange G (A.) (M.) (B.) (P.) (C. J.) (T. M.) 
(Sch ) (K ) (0.) (Central Dyestuff and Chemical 
Co.); Orange GG (C.) (B. K.) (D.); Orange GG in 
Crystals (8ch.) ; Fast Light Orange G (By.) ; 
Benzeneazo- jS-naphtholdisulphonic acid 

CaH3'N,CioH4(SO,H)3-OH(i3) 

Produced bv the action of diazobcnzcnc chloride 
on j9-naphthol-6 : 8-disulphonic acid (G-salt) in 
alkaline solution. Solution not precipitated by 
' alkali ; dissolves in sulphuric acid with an 
orange colour, undergoing no change on dilution. 

Literature.— E. P. 1716 of 1878; D. R. P. 
3229; F. P. 124811 ; A. P. 261162. 

Crystal Scarlet 6R (C.) (M.) (By.) (B. K.); 
Crystal Ponceau (A.) (K.) (B.) (D.) (L.) (P.) ; Pon- 
ceau 6 R (T.M.) ; a-Naphthaleneazo-^-naphthol- 
0 : 8-disulphonic acid (Q-acid). Produced by 
the action ot diazotised a-naphthylamine upon 
^-naphthol-6 : S-disulphonic acid in alkaline 
solution. 

Literature. — E. P. 816 of 1884; D. R. P. 
30491 ; A. P. 332628. 

Ponceau 2 G (B.) (M.) (B. K.) ; Brilliant 
Ponceau GG (C.) ; Orange R (H.). Isomeric 
with Orange G. Prepared by the action of 
diazobenzene chloride upon S-naphthol-S : 6- 
disulphonic acid (R-salt). Properties simUar to 
those of the preceding compound ; colour 
slightly redder in shade. 

Literature as for Orange G. 

Asoeoralline L (D.) ; Azogrenadine L (By.) ; 
p-Acetylaminobeiizeneazo-j8-naphthol-3 : 0-disul- 
phonic acid 

CH,'CONH-CeH4N,*CioH4(SO,H),OH 
Prepared b^ the action of diazotised acetyl-|>- 
phenylenediamine on jS-naphthol-S : 6-£sul. 
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phonic acid (R-salt). Solution in water ia 
orange-red, and in sulphuric acid yellowish-red. 

LOtroture, — ^Nietslu, Ber. 1884, 17, 344. 

Add Alizarine Red B (M.) ; Palatine Chrome 
Red B (B.); Carboxyl^nzoneazo-iS-naphthol- 
3 : d-disulphonio acid 

CO,H-OeH4N,C,oH4(SOaH),-OH 
Prepared from diazotised anthranilio acid and 
R-salt. It gives a yellowish-red aqueous solu- 
tion, and a red solution in sulphuric acid. In 
the form of a lake it is known as Pigment 
Soarlet 8 B (M.). 

Literature. — E. P. 23830 of 1002 ; D. R. P. 
141267 ; F. P. ,328128 ; A. P. 757109. 

Poneeau R, 2 R, G and GR ^ (A.) (B.) (M.) 
(By.) (B. K.) (O.) (P.) (L.) (K, S.) (T. M.) (I^v.) 
(C.) (0. J.); BriUiant Ponceau R (T. M.); 
Scarlet 2 R (H.) (Calco Chemical Co.) ; Xy- 
loneazo-)3-naphthol-3 : 0-disulphonic acid 

C»H,N,-CioH4(SO,)H,OH(i8) 

Produced by the action of diazotised xylidino 
(chiefly mota-) on i9-naphthol-3 : G-disulphonic 
acid (R-salt). Properties similar to those of 
Orange G. Colour a distinct scarlet ; aqueous 
solution not precipitated by alkali ; an amor- 
phous precipitate by calcium or barium chloride. 
Soluble wim a red colour in sulphuric acid, 
becoming brown and precipitating on dilution. 

Literature.—E. P. 1715 of 1878 ; D. R. P. 
3229 ; F. P. 124811 ; A. P. 210233. 

Ponceau 8 R (A.) (B.) (M.) (C. J.) (K.) 
(By.) (Jj.) (0.) ; Poneeau 4 R“ (A.) ; Ponceau 
3 R 66 (Soh .) ; Cumeneazo-d-naphthol-3 : 6- 
diaulphonio acid 

CgHn-N,CioH4(SOaH)a*OH()8) 
Produced by the action of diazocumene chloride 
(from 4^-cumidine) on R-salt. Properties as 
above ; colour of a redder shade than the last. 

Literature, — See above, and A. P. 251163. 

Bordeaux B (H.) (A.) (M.) (B. K.) (Cabo 
Chemical Co.); Fast Red B (B.) (B. K.) (L.) ; 
Fast Rod P extra (By.) ; Bordeaux BL (C.) ; 
Bordeaux R extra (M.) ; Bordeaux G (D.) ; 
Bordeaux R (T. M.) ; Ceraslne (P.) ; Cerasine R 
(D. H.) ; Archelline 2 B (Lev.) ; Azo Bordeaux 
(Sch.) ; a-Naphthalcnoazo-d-naphthol-3 : 6-di- 
sulphonio acid 

CioH,-Na-C,oH4(SO,H)g'OH 
Prepared from diazotised a-naphthylamine and 
R-salt. Solution in water is magenta-red, and 
in sulphuric acid blue, becoming magenta-red 
on dilution. 

Literaiure.—E. P. 1716 of 1878 ; D. R. P. 
3229; F. P. 124811 ; A. P. 251104. 

Cocclnlne B, C (M.) 

CHaOCgH3(CHa)NaCioH4(SO,H),OH 
Prepared from diazotised 3-amino-4-cresol methyl 
ether and R-salt. Gives a cherry-red solution 
in water or sulphuric acid. 

Literature . — £. P. 4914 of 1878 ; D. R. P. 
7217; F. P. 124811. 

Sorblne Red (B.) ; Azogrenadine S (By.) ; 
Lanafuehslne (various marks) (C.); Azo Acid 

> Q GR and BrlMIsnt Poneeau Q (C) are made from 
crude xylldine and crude R-salt, R from crude xylldiue 
and 2 R from m-xylidlne and piue B-salt. # 

* 3 R Is made from crude cumldine and 4 R from pure 
Vr-cumidlne. 


Red B (M.) ; Wool Red SB (0.) ; p-Acetylamino* 
benzeneazo-a-naphthol-3 : O-disulphonio acid 

CHsCONH 04 H 4 N,C,oH 4 (SO,H).OH 
Prepared by the action of diazotised acetyl-p- 
phenylenedlamine on a-naphthol-3 :6-disulphonio 
acid. Aqueous solution is currant-red, and in 
sulphuric acid fiery red. 

Literature. — Chem. Zeit. 10(X), 24, 493 ; 
Zeitsch. Farben. Tnd. 1902, 26, 223. 

Palatine Soarlet A (B.) ; Cochineal Scarlet PS 
(By.); Nassoira Scarlet 0 (M.) ; Brilliant Wool 
Scarlet (K.) ; Brilliant Cochineal 2 R, 4 R (C.) ; 
m-Xyleneazo-a-naphthol-S : 6-disulphonio acid 
C,Hg N 4 CioH 4 (SOsH) 40 H. Prepared from 
diazotised m-xylidmo and a-naphthol-3 : 6- 
disulphonio acid. Solution in water is scarlet- 
red, and in sulphuric acid bluish-rod. 

Literature. — D. R. P. appl. G 3630. 

XL Carmoislne 6 B (H.) ; m-Xyleneazodi- 
hydroxynaphthaIcne-3 : O-disulphonio acid 
C,Hg*N 3 CioH 3 (SOaH)j(OH)g. f»repared by the 
action of diazotised m-xylidino on 1 : 8-dihy- 
droxynaphthalcno-3 : G-disulphonic acid (chro- 
matrope acid). 

Eosamine B, G (A.) ; Methoxytolueneazo-a- 
naphthol-3 : 8-disulphonio acid 

01 l 3 - 007 H 4 N,C,oH.(SOaH)g*OH 
Prepared from diazotised 9»-ainino-p-oresol 
metnyl other and a-naj^hthol 3 : 8-disulphonio 
acid. Solution in water is bluish-red, and in 
sulphuric acid violet-blue. 

Literature. — Ghem. Ind. 1890, 19, 8. 

Palatine Red A (B.) ; Naphthorubln 0 (M.) ; 
a-Naphthalcneazo-a-naphthol-3 : O-disulphonio 
acid C»oH 7 -Nj*CioH.(S 03 H) 4 *OH. Prepared 
from diazotised a-napnthylamine and a-naph- 
thoi-3 : O-disulphonio acid. Bluish-red solution 
in water, and blue in sulphuric acid. 

Literature.--E. P. 16710 of 1886 ; J). R. P. 
38281. 

Direct Row G (K. S.) ; Erika 2 ON (A.): 

CH,C.h/®^CC,H4N,C,oH.(SO,H),OH 

Prepared from diazotised dehydrothio-p-tolui- 
dine and a-naphthol-3 : S-disulphonio acid (t- 
acid). Chorry-red aqueous solution gives a 
scarlet-red precipitate with hydrochloric acid, 
and a bluisn-red one with sodium hydroxide. 
Solution in sulphuric acid is dark-bluish red, 
giving a scarlet-red precipitate on dilution. 

Geranlne 2 B, G (By.) ; Brilliant Geranlne 
B, 2 BN, 8 B (By.). These dyes are prepared 
from the same diazo- compound as the preceding, 
combined with a-napnthol-4 : 8-disulphonio 
acid (2 B), a-naphthol-3 -sulphonio acid (G), 
or 1 : 8-dihydroxynaphthalene-4-sulphomc acid 
(Brilliant Geranine). The aqueous solution is 
red, and that in sulphuric acid is violet-red (2 B 
and G) or blue (Brilliant Geranine). 

Literature.— D. R. P. 73261, 73340. 

Erika B extra, BN (Lev.) (L.) (A.) ; Mcthyl- 
benzenylaminothioxylenolazo-a-naphthol-3 : 8- 
disulphonic acid 

tn, in 

Prepared from diazotised dehydrothio-m-xyli- 
dine and a-naphthol-3 : 8-disulphonic acid 
Solution in water or sulphuric acid is red. 
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Xifwitow.— E. P. 17333 of 1888; D. R. P. 
63851 ; P. P. 194400 ; A. P. 418667 ; Anschutz 
and Schultz, Bor. 1889, 22, 683. 

Eriks 0 extra, ON (A.) (Lev.) ; Erika 4 ON 
(A.). Is isomeric with the preceding, being 
prepared from jS-naphthol-O : 8'di8iilphonic acid 
(G-acid), and has similar reactions. 

JAteralurc . — Bcr. 1889, 22, 685. 

Azoeoehineal (By.); Anisoleazo-a-naphthol- 
4 : S-disulphonic acid 

CH,OC,H 4 N,- 0 ,oH,(S 03 H),-OH 

Prepared from diazotised o-anisidino and a- 
napnthol-4 : 8>disulphoniG acid. Solution in 
water and sulphuric acid is red. 

lAt(>ralurr.—Y.. P. 16776 and 15781 of 1885; 
D. R. P. 40571 ; F. P. 173083, 173084. 

Chromotrope 2 R (M.) ; XL Carmoisine R 
(H.) ; Benzenoa/.o 1 : S dihydroxy naphthalene- 
3 : O-disulphonic acid 

O.H.N,0,„H.(SO,H),(OH), 

Produced from diazotised aniline and 1 : 8- 
dihydroxynaphthaleno - 3 : G - disniphonio acid. 
Gives in water a magenta-red, and in sulphuric 
acid a ruby-rod solution. 

lAterature.—V.. P. 9258 of 1890; I). R P. 
09096 ; F. P. 206439, 212007 ; A. P. 468283. 

Chromotrope 2 B (M.); p-Nitrobcnzcncazo- 
1:8- dihydroxynaphthalcne -3:6- disulphonic 
acid NOa-GJl 4 N,C,oHa(S 03 H) 2 (OH),. Pro- 
pared by the action of diazotised p-nitroani- 
lino on 1 : 8-dihydroxynaphthaleno-3 : 6-disul- 
phonic acid. Solution in water is yellowish-red, 
and in sulphuric acid dark-violet. 

Literature. — As under Ohromo trope 2R. 

Victoria Violet 4 BS (M.) (By.) ; Domingo 
Violet A (L.) ; Ethyl Acid Violet S 4 B (B.) ; 
Azo Wool Blue (0.) ; p-Aminobenzcncazo-1 : 8- 
dihydroxy naphthalene -3:6- disulphonic acid 
NHa'C. rt 4 -Na-C,o H, (^0,11), (OH),. Prepared 
by the alkaline reduction of chroinotrono 2 B 
or by eliminating the acetyl- group from enromo- 
trope 0 B {see below). It gives a dark- violet 
solution in water, and a bluish rcd in sulphiirio 
acid. Similar colouring matters arc Victoria 
Violet 8 BS (M.), Victoria Violet 6 B (By.), and 
VIctorlaVIoletLd.). 

Literature. P. 8270 of 1892 ; D. R. P. 
70886, 73321 ; F. P. 221363, 220690. 

Chromotrope 6 B (M.) : XL Fuchslne 6 B 
(H.) ; Fast Acid Red EBB (L.) ; p-Acetylamino- 
benzeneazo-1 : 8-dihydroxy naphthaleno-3 : 6- 
disulphonic acid 

t;H,-CONH-C.H,-N,-C„H,(SO,H),(OH), 

Prepared by the action of diazotised acetyl-p- 
phonylenediamine on 1 : 8-dihvdroxynaphthal' 
cne-3 : 6-disulphonio acid. Solution in water 
is violet-red, and in sulphuric acid ruby-red. 

L\ierature.^\>. R. P. 76738. 

Chromotrope 10 B (M.) ; Naphthaleneazo 
1 ; 8-dihydroxynaphthalene-3 : 6 disulphonic acid 

C,oH,-Na-CioHa(S03H)3(OH)a 

Prepared from diazotised a-naphthylamine and 
the above aoM. Violet solution in water, and 
greenish-blue in sulphuric acid. 

Literature. — ^As under Chromotrope 2 R. 

CUiromazone Red A (O.) ; Benzaldehydeazo- 
I : 8-dihydroxynaphtha)ene-3 : 6-di8ulphonio 
acid CHO CcH :4 N,C,oH,(SO,H),(OH),. Pro- 


duced from diazotised p-aminobenzaldehyde 
and 1 : S-dihydroxynaphthalene-S : 6-disulphonio 
acid. Solution in water is red, and in sulphuric 
acid blue. 

Literature. — E. P. 13744 of 1896 ; D. R. P, 
86233 ; F. P. 248517. 

Chromazone Blue R (O.); Phenylethylhy- 
drazonc of the preceding colouring matter 
C3U3(C3ll3)N N : CH OaH^-Nj CiolIa(803H)3(OH)a 
Prepared cither by condensing chromazone red 
with a9-phenylethylhydrazine or by the action 
of diazotised p-aminobenzylidcnophenvlethylhy- 
drazone on 1 : 8-dihydro.\y-3 : 6 -disulphonic acid. 
Solution in water is blue- violet, and m sulphuric 
acid blue-red. 

Literature as above. 

Diamine Rose (various marks) ; Dlanll 
Rose BD (M.) ; Benzenylaminothiophenolazo- 
chloronaphtholdisulphonio acid 

CH,C.H,<'®\cC,H.N,C.on.a(SO,H),-OH 

Prepared from diazotised dchydrothio-p-tolui- 
dine and 8-chloro-a-nap}itho]-3 ; 6-disulphonic 
acid. Magenta-red solution in water, and 
rcddisli-violot in su^huric acid. 

Literature. — E. P. 1920 and 9441 of 18^4 ; 
D. R. P. 79066, 82286, 96768, 99227; F. P. 
236271 ; A. P. 635037. 

Fast Acid Fuchslne B (By.) ; Fast Acid 
Fuchslne G (B.K.); Benzeneazo-1 8: -amino- 
naphthol 3 : G-disuiphonic acid 

CeHa'Na*CioH3(SO,H)a(OH)-NHa 

Prepared from diazotised aniline and 1 : 8- 
I aminonaphthol-3 : G-disulphonic acid (H-acid) 
in alkaline solution. Solution in water or 
sulphuric acid is magenta-red. 

Literature. — E. P. 13343 of 1890; D. R. P. 
62368, 70031 ; F. P. 210033. 

Tolane Red B (K.) ; Benzeneazo-1 : 8-amino- 
naphthol-4 • C-disuIphonic acid. Isomeric with 
the procedmg. Prepared from diazotised aniline 
and 1 : 8-aminoiiaphthol-4 : G-disulphonic acid 
(K-acid). Solution m water or sulphuric acid 
is magenta-red. 

Literature. — E. P. 616 of 1894 ; D. R. P. 
99164 ; A. P. 663383. 

Amidonaphthol Red G (M.) ; Brilliant Acid 
Carmine 2 G (0.) ; Azo Phloxine 2 G (By.) ; 
Benzeneazo-1 : 8-acotylaminonaphthol-3 : G-di- 
sulphonic acid 

C,H3NaC,oH,(SOaH)a(OH)NHCOCHa 
Prepared from diazotised aniline and acetyl 
H-acid m alkaline solution. Scarlet-red solution 
in water, and red solution in sulphuric acid. 

Literature.— E. P. 26467 of 1905 ; D. R. P. 
180089 ; F. P. 348426. 

Amldo Naphthol Red 6 B (M.) ; BriUIant 
Acid Carmine 6 B (0.). Prepared as the pre- 
ceding, but p-aminoaootanilide is used instead 
of amline. The solution in water or sulphuric 
acid is red. 

Palatine Chrome Green G (B.); Chrome 
Fast Green G (1.); 4-Nitro-2-aminophenol is 
diazotised and combined with H-acid. It gives 
a dark reddish- violet solution in water, and a 
reddish-violet in suiphurio acid. 

Faft Sulphone Violet 5 BS (K. S.) is prepared 
by oombining a diazo- compound with 1 ; 8n 
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amiiioiiapbthol-3 ; 0- or -4 : 6-disiilphoiiio acid 
in alkali^ solution, and treating the product 
with p-toluenesulphonyl chloride, whereby the 
amino- group is transformed into the p-toluene- 
sulphonylamino- group. Other d^tufifs of the 
same kind are Brilliant Sulphone Red B (K. S.) 
and Fast Sulphone Violet 4 R (K. S.). 

Li/cniiure.— E. P. 22886 of 1899 ; D. R. P. 
120081 ; F. P. 294326; A. P. 6409.S9. 

Azo Arehil R. (A.); Benzeneazo-2ammo- 
8-naphthol-3 : G-disulphonio acid (2 R- acid). 
Isomeric with fast acid fuchsine B (By.). 
Prepared from diazotised aniline and 2 R acid. 
Solution in water or sulphuric acid is yellowish- 
red. 

Literature, — D. R. P. appl. A 3710. 

Azorubine (Wiescher & Co.) (0.) (Lev.) 
(Central Dyestuf! and Chemical Co.) ; Azorubine 
S(A.) (Sch.) ; Azorubine G (T. M ) ; Azorubine A 
(C.) ; Azo Acid Rubine (C. J.) (D.) ; Azo Acid 
Rubine R (K.); Nacarat (P.); Fast Red C 
(B.) (B. K.) ; Carmoislne (K. S.) ; Carmoisine B 
(By.) : Carmoisine S (H.) ; Mars Red 0 (B.) ; 
Brilliant Crimson (Cl. Co.) ; Brilliant Carmoislne 
0 (M.) ; Sulpho-a-naphtlialeneazo-a-naphthol- 
sulphonio acid 

HSO,C,oH.NaC,oH5(SOaH)OH 

Prepared by the action of diazotised naphthionic 
acid on a-naphthol-4-sulphonic acid in presence 
of alkali. Solution gives a rod crystalline pre- 
cipitate with calcium chloride ; substance dis- 
solves in sulphuric acid with a bluish-violet 
colour, becoming red on dilution. When used 
for after-chroming on wool the dyestuf! is known 
as Azochrome Blue R (K.); Chrome Blue R 
(B.); Chromotrope FB (M.); Omega Chrome 
Blue A (K. S.). 

Literature, — E. P. 2237 and 4237 of 1883 ; 
D. R. P. 26012, 60838, 07240. 

Fast Red VR (By) ; isomeric with the 
preceding. Prepared from diazotised naphthi- 
onic acid and a-naphthol-6-sulphonic acid. 
A<]|^uoous solution is oluish-rcd and gives a 
reddish-brown precipitate with hydrochloric 
acid. Substance dissolves in sulphuric acid 
with reddish-blue colour. When used for after- 
chroming on wool the dyestuf! is known as 
Azochrome Blim B (K.) ; Chromotrope F 4 B 
(M.). Dlamona Blue 8 B (By.) also belongs to 
this class. 

Fast Red (B.)(K.)(By.)(B.K.) (T. M.) (D.) 
(0.) ; Fast Red S (M.) (D. H.) ; Naphthol Red EB 
(C.) ; Naphthol Red GR (B.) ; - Acid Carmoisine B 
(B. K.); Fast Red (Lev.) (A.) (C. J.) (P.); Sulpho- 
a - naphthaleneazo - j9 - naphtholsulphonio acid 
HSOj’C|oH,*N2‘CioH 5(S08H)*OH. Isomeric with 
the preceding ; prepaid from diazotised 
naphthionic acid and jS-naphthol-O-sulphonio acid. 
Aqueous solution claret-red; not precipitated 
by acids, dissolves in sulphuric acid with a 
violet colour, becoming red on dilution. 

Literature.— E. P. 786 of 1878; D. R. P. 
6411 ; F. P. 123148 ; A. P. 204799. 

Croe^ne Seariet 8 BX (By.) (K.) ; Coecine 2 B 
(A.) ; Seariet 000 (H.) ; Aeldol Cocoine 2 B 
(T. M.). Isomeric with the last ; prepared 
from diazotised naphthionic acid and iS-napnthol- 
S-sulphonio acid. Hot solution (concentrated) 
gives a crystalline magnesium sidt orP adding 
magnesium sulphate and allowing to cool; 


solution in sulphuric add reddish- violet becoming 
yellowish-red on dilution. 

Literature.— E. P. 2031 of 1881 ; 1>. R. P. 
20402 ; A. P. 266376. 

Double Seariet Extra S (A.) (Lev.) ; Double 
BrilUaut Scarlet 8 R (By.); Double Brilllact 
Scarlet S (K.) ; Brilliant Poneeau 4 R (By.) ; 
Seariet PR (P.) ; Seariet 2 R extra cone, (T. M.). 
Isomeric with the last ; prepared from diazotised 
j3-naphthylamiue-6-8ulphonio add and« a-naph- 
thol-4-sulphonlc acid 

HSOjCioH.N.CioHdSOsHlOH 
Aqueous solution gives yellowish-brown pre- 
cipitate with dilute acids. Dissolves in sul- 
phuric acid with a red colour, becoming ydlower 
on dilution. 

Literature.--'^, P. 3724 of 1882 ; D. R. P. 
22647 ; F. P. 160603 ; A. P. 332829. 

Azofuchsine G ( By.) ; Fast Fuchsine G (Sch.) ; 
p • Sulphobcnzeiieazodihydroxynaphthaleno • 4 - 
sulphonio acid 

HSOsC.H*N,C,oH8(OH),SO,H 
Prepared from diazotised sulphanilio acid and 
1 : 8-dLhydroxynaphthalene-4-Bulphonio acid. So- 
lution in water is bluish-red, and in sulphuric 
acid violet. Analogous colours arc Azofuebllne 
S, 6 B, and GN extra (By.). 

Literature,— yZ, P. 18617 of 1889 ; D. R. P. 
64110 ; F. P. 203744 ; A. P. 460841, 468142.- 

CrumpMll Yellow (Lev.) ; Disulphonaphtha- 
Icnoazosalicylic acid 

C,oH.(S03H)8N.08H,(OH)CO,H 
Produced by the action of diazotised B-n&ph- 
thylamino-6 : S-disulphonio acid on salicylic acid. 
Solution in water is yellow, and in sulphuric 
acid, orango-red. 

Literature, — E. P. 12146 of 1894 ; D. R. P, 
87483. 

Lanacyi Blue BB (C.) ; Disulphohydroxy- 
nai)hthaleneazoaminona})hthol 

CioH4(SO*H)8(OH)'N8C,oH8(OH)-NH, 
Prepared from diazotised 1 : 8-aminonaphthol- 
3 : O-disulphonic acid (11-acid) and 1 : 5-amino- 
naphthol in* acetic acid solution (the azo- group 
attacks the ortho- position relative to the 
hydroxy- group). Solution in water is reddish 
or bluish- violet, and in sulphuric acid blue. 
To this group belong also Lanaeyl Blue R and 
Lsnaoyl Navy Blue B, 2 B, and 8 B (0.). 

Literature,—!^, P. 24134 of 1890; D. R, P. 
96190 ; F. P. 260848. 

Rosophenlne 10 B (Cl. Co.) ; Rosopheplne 
Pink (Cl. Co.) ; Dlreet Seariet B (K.) ; Thlazlne 
Red R (B.) ; Benzoin Fast Red AE (B. K.) ; 
Sulphobcnzenylaminothiocresolazo- a -naphthol- 
4-8ulphonic acid 

(!«, ^ lo,H Lo,H 

Prepared from diazotised dehydrothio-n-tolui- 
dinesulphonic acid and a-naphthol-d-sulphonic 
acid. Solution in water is enmson-red, and in 
sulphuric acid violet-red. • 

The correspond!^ colour from diazotised 
primuline is called Rosophenlne SG (Cl. Co.); 
(D. B. P. 48466 ; F. P. 192628, 196988 f A. P. 
398990). 

Thlimlni Red 0 (B.). Prepared from diaao- 
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tised primuline (sulphonic acid) and /3-naphthol- 
6>sulphonic acid. Orange-red aqueous solution 
gives an orange-red precipitate with hydrochloric 
acid, and becomes dark with sodium hydroxide. 
Solution in sulphuric acid is blood-red, giving 
an orange precipitate on dilution. 

The corresponding colour from diazotised 
dehydrothio-p-toluidinesulphonio acid is Clasrton 
Cloth Soarlet (01. Co.) ; Titan Pink 3 B (U.) ; 
Thlaziito Red GN (B.). 

References as fur rosophenine SO. 

3. Tkisulpjionio Acids. 

Azo Red A (0.) ; Sulpho-a-naphthaleneazo- 
a-naphthol-3 : 0-disulphonic acid 

HSO,CioH,N,C,oH4(SO,H)aOH 
Prepared by the action of diazotised naphth ionic 
acid on a-naphthol-3 : 0-disulphonic acid. Aque- 
ous solution rod. Solution in sulohuric acid is 
blue, becoming violet and then reu on dilution. 

‘ New Coccine (A.) (M.) ; Brilliant Scarlet 
(Lev.) (C.) : Croceine Scarlet 4 BX (K.) ; Victoria 
Soarlet 4 R (T. M.) ; Special Ponceau (P.) ; Co- 
chineal Red A (Ji.) ; Brilliant Ponceau 4 R 
(By.) (0.) ; BriUiant Ponceau 5 R (By.) (JX) ; 
Ponceau 4 R (B. K.) ; BrilUant Scarlet S (Sch.) ; 
Scarlet 5 0 (H.) ; Scarlet N (Farbwerk Amtners- 
foort) ; Sulpho-a-naphthaloneazo-^-naphthol- 
6*: S-disulphonio acid 

HSO,*C,oH.*N,-CioH4(SO»H)aOH 
Prepared by the action of diazotised naphthionic 
acid on ^-naphthol-0 : 8-disulphonio acid (G- 
salt). Aqueous solution rod, not precipitated 
by acids. Dissolves in sulphuric acid with a 
red colour, becoming ycllowi.sh-rod on dilution. 

Literature. — K. P. 810 of 1884 ; D. R. P, 
3229, 30491 ; F. P. 124811 ; A. P. 314938. 

Fast Red D (B.) (0.) ; Azo Acid Rubine 2 B 
(D.) (B K.) (G. J.); Cloth Red (T. M.); Bordeaux 
S (A.) (Lev.) ; Amaranth (M.) (C.) (B. K.) (P.) 
(I.) (D. H.) (T. M.) (Lev.) (Central Dyestuff and 
Chemical Co.) (Ault and \Viborg Co.) ; Naphthol 
RedO(M.); Naphthol Red S(B.)(B K.); Naphthol 
Red C (C.); Naphthylamine Red 0 (By.); 
Fast Red (C. J.) ; Fast Red NS (By.) ; Bordeaux 
DH (D. H.) ; Victoria Rubine 0 (M.) (B K.) ; 
Azo Rubine S (K. S.) ; Amaranth 107 (Sch.) ; 
Acid Crimson (H.); Wool Red (Sch.); Wool 
Red extra (K.) ; Azo Red N extra (L.). Isomeric 
with the preceding. Prepared from diazotised 
naphthionic acid and R-salt. 

Literature. — D, R. P. 3229. 

»Chromotrope 8 B (M.) ; p-Sulphonaphthalene- 
azodihydroxynaphthaleno-3 : 0-msulphonio acid 

HSO**CioH:4*NaCioH3(S03H),(OH), 
Pi^ared by the aclion of diazotised naphthionic 
acid on 1 : 8-dihydroxynaphthalQne-3 : O-disul- 
phonio acid Solution in water is violet-red, and 
in sulphuric acid indigo-blue. In addition to 
this and the other * chromotrope * coIouxb 
mentioned above, the marks S and 7 B also 
appear on the market, but their constitution 
has not yet been published. 

JWfcralure.^E. P. 9268 of 1890 ; D. R. P. 
69096 ; F. P. 212607 ; A. P. 468283. 

• 4. XSTBASULPHONIC AciDS. 

Ponceau 6 R (M.) (B.) ; p-Sulphonaphtha- 
leneaso-ZS-naphtholtrisulphonic acid 


HSO,CioH.-N,CtoH,(SO,H),OH 
Prepared by the action of diazotised naphthiomo 
acid on A-naphthol-S : 6 : S-trisulphonic acid. 
Solution in water is magenta-red, and in sul- 
phuric acid violet. 

Literature . — £. P. 2644 of 1882 ; D. R. P. 
22038 ; F. P. 149249 ; A. P. 268606. 

Hellopurpurine 4 BL (By.) ; Disulphonaph- 
thalencazo-a-naphthol-3 : O-aisulphonic acid 

CioH 6 (S 03 H),N,CioH 4 (SO,H),OH 
Prepared from diazotised ^-naphthvlamine- 
3 : 6-disuljphonic acid and a-naphthol-3 : 6- 
disulphoniG acid. Used exclusively in the 
manufacture of lakes. 

Literature. — Farber-Zeit. 1904, 16, 96. 

Hellopurpurine 7 BL (Bv.). Isomeric with 
the preceding. Prepared by the action of 
diazotised /3-naphthylamine-l : G-disulphonic 
acid on i8-naphthol-3 : 0-disulphonic acid (R- 
salt). Used only for lakes. 

Literature as above. 

6. Peutasulpiionic Acids. 

Hellopurpurine GL (By.) ; Disulphonaph tha- 
leneazo-/9-naphthol-3 : 0 : 8-tri8uIphonic acid 

C,oH6(S03H)3N3CioH3(S03lI)30H 
Prepared from diazotised jS-naphthylamine- 
3 : 0-disulphonic acid and i8-naphtliol-3 : 6 : 8- 
trisulphonic acid. 

Use and literature as above. 

E. Carboxylic Acids of Hydroxyazo- Compounds.^ 

Alizarine Yellow GG (M.) (I.) ; Chrome 
YeUow R (P.) ; Alizarine YeUow G, 3G (Lev.) ; 
Alizarine Yellow 3 G (By.) ; Mordant Yellow 
2GT(B.); Anthracene Yellow GG (C.) ; Aliza- 
rine Yellow G (K. S.) ; m-Nitrobenzencazosali- 
cylic acid 

N03C4H4NaC,H3(C03H)0H 
Prepared from diazotised rn-nitroaniline and 
salicylic acid. The commercial product (the 
free acid) is usually a yellow paste, insoluble 
in water, and giving an orange solution with 
sulphuric acid. The sodium salt is put on the 
market in the dry state as Alizarine Yellow GGW 
(M.) (Ault and Wiborg Co.). 

Literature.— K. P. 17683 of 1887 ; D. R. P. 
44170 ; F. P. 187821 ; A. P. 424019. 

Alizarine Yellow R (M.) (C. R.) (By.); 
Alizarine Orange R, 2 R (Lev.) ; Mordant Yellow 
3 R (B.); Mordant Yellow PN (Farbwerk 
Ammersfoort) ; Orange R (K. S.) ; Milling 
Orange R (L.); Anthracene Yellow RN (C.); 
Metachrome Orange R (A.) (Brotherton & Co.) ; 
Chromoxanthine (K. B.) ; Terracotta R (G.) ; 
Chrome Orange (P.). Isomeric with the lost. 
Prepared from diuotised p-nitroaniline and 
salicylic acid. Comes on the market as a 
brown paste insoluble in water and giving an 
orange-yellow solution with sulphuric acid. 
This consists of the free acid ; the sodium salt 
(soluble in water with an orange colour) is 
called Alizarine Yellow RW (M.) (Harden, 
Orth, and Hastings Corporation). 

Literature. — ^kmldola, Chem. Soo. Trans. 1886, 
47, 666; Bull. Mulhouse, 1892, 198; J. Soo. 

^ Cidbozyltc acids coatainlng also sulphonic acid 
groups are detolbed under the corresponding solphonio 
or dlsulpbonio adds. 
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Chem. Ind. 1890, 9, 53 ; 1892, 11, 599 ; J. Soc. 
Dyen, 1889, 5, 106; £. P. 13020 of 1888; 
P. P. 193190 ; A. P. 431297. 

Chrome Post Yellow GO (A.) ; o-Aniaoleazo* 
salicylic acid CHa O G,H 4 *N, C«Hs(CO,H) OH. 
Prepared from di^otis^ o-anisidine and sali- 
cylic acid. In commerce as a bright-yellow 
paste or a yellow powder. Solution in hot water 
18 greenish-yellow, and in sulphuric acid yellow- 
ish-brown. 

Liifratun. — E. P. 12221 of 1895; D. R. P. 
84772. 

Azoalizarine Yellow 6 6 (D. H.) ; Alizarine 
YeUow 5 0 (M.); Tartraohromine GG (I.); 
p-phenetoleazosalicylio acid 

CaHBOC.H 4 *Na*C,H,(COaH)OH 

Prepared from diazotised p-phenetidine and 
salicylic acid. Solution m water is yellowish- 
brown, and in sulphuric acid brown- red. 

Diamond Flavine G (By.) ; p-Hydroxydi- 
phenylazosalicylic acid 

OH-CiaHgNj,C 4 H,(COaH)OH 

Prepared by boiling the intermediate product 
from totrazotised benzidine and one molecule of 
salicylic acid. In commerce as a yellowish- 
brown paste or powder which dissolves in water 
only after the addition of sodium acetate. 
Solution in sulphuric acid is blood-red. If the 
intermediate product is treated with sodium 
bisulphite, the product is known as Dutch Yellow 
(Farbwerk Ammersfoort) ; Mordant Yellow GRO 
(B.), which gives a yellow solution in water, and 
a bordeaux-red one in sulphuric acid (D. E. P. 
C8953). 

Literature.--^, P. 11603 of 1891 ; D. R. P. 
60373 ; F. P. 214766. 

Diamond Yellow G (By.) ; m-Carboxyben- 
zenoazosalicylic acid 

CO,HC4H4NBC4H3(COaH)OH 

Prepared from diazotised m-aminobenzoio acid 
and salicylic acid. A greyish -yellow paste 
soluble in water (with addition of sodium 
acetate or carbonate) with a yellow colour. 
Gives a reddish-yellow solution with sulphuric 
acid. 

Literature.— E. P. 8299 of 1889; D. R. P. 
68271 ; F. P. 198521 (addition) ; A. P. 502368, 
602369. 

Lake Red D (M.) ; Carboxybenzeneazo-ZS- 
naphthol COtH'C 4 H 4 *N 3 'CioH 4 *()H. Prepared 
from diazotised anthranilic acid and ^-naphthol. 
Orange-rod paste used for lakes. 

Literature.— E. P. 22781 of 1906 ; D. R. P. 
189023 ; F. P. 373116 ; A. P. 878964. 

BrilUant Lake Red R (M.) ; Benzeneazo-2- 
hydrozy-3-naphthoic acid 

C4H,-N3C,oH6(OH)CO,H 

Prepared from diazotised aniline and jB -hydroxy - 
naphthoic acid. Used for making lakes 
Literature. — Ber. 1893, 26, 2897. 

F. Unclassified Monoazo- Colouring Matters. 

Peri Wool Blue B, BG, G (0.). These 
colouring matters are produced by the action of 
diazotisM nitroaminopnenols on peri- deUvativee 
of naphthalene. 


III. Disazo- Go.mpounds.^ 

A. Primary Disazo- Colouring Matters.* 

Leather Brown (0.) : 

NH,C4H4N,C.H,(NH,),-N,C4H4NH, 
Prepared by combining 2 mols. of p-diazoaoet- 
anilide with 1 mol. of tn-phenylenediamine, 
and heating the product with strong hydro- 
chloric acid. Commercial product is the mono- 
hydrochloride or the zinc chloride double salt. 
The brown aqueous solution becomes yellower 
on adding hydrochloric acid, and gives a brown 
precipitate with sodium hydroxide. The sub- 
stance gives a brown solution in sulphurio aoid, 
which becomes yellowish- brown on oilution. 

Literature.— E. l\ 11218 of 1891 ; D. R. P. 
67429 ; A. P. 462414. 

Terra Cotta F (G.) ; Clayton Cotton Brown 

(Cl. Co.) : 

P • •N3 C.H4(NH.)3 N, CioH4 SO.H 
Prepared by combining hrst diazotised naphthi- 
onic acid and secondly diazotised primuline 
with m-phcnylcnediamino. Solution in water 
is brown, giving a brown precipitate with hydro- 
chloric acid. Sulphurio acid dissolves colour to 
a reddish-violet solution, giving a brown pre- 
cipitate on dilution. 

Literature. — E. P. 1688 and 8215 of 1890; 
D. R. P. appl. G. 6870; F. P. 203430; A. P. 
440288. 

Cotton Orange R (B.) : 

P » •Na C6(NH3)3(SOsH)4-N. C4H4*SO,II* 

Prepared by combining first diazotised primuline 
and secondly diazotised motanilio acid with 
m-phenylcncdiaminedisulphonio acid. The 
orange-red aqueous solution gives a reddish 
precipitate with hydrochloric acid. Solution in 
sulphuric acid is bright red, precipitating on 
dilution. 

Literature.— E. V. 21763 of 1893; D. R. P. 
76118 ; F. P. 231694 ; A. P. 624261. 

Anthracene Acid Brown 0 (C.) (Marden, 
Orth, and Hastings Corporation) : 

HS 0 ,*C.H 4 N 3 C 4 H 3 (C 03 H)( 0 H)-N,C 4 H 4 *N 0 g 

Prepared by combining diazotised sulphanilio 
acid (1 mol.) and diazotised ^-nitroaniline 
(1 mol.) with salicylic acid (I mol.). Aqueous 
solution is reddish-Drown, and that in sulphurio 
acid is bluish-green. 

Literature. — E. P. 17690 of 1896 ; D. R. P. 
95066 ; F. P. 258783. 

Resorcin Brown (A.) (K.) (H.) (T.)(B*K,) 
(Sch.) : 

HS().,C,H4*NaCeHa(OH)aN,C4H, 
Biazoxylene chloride is combined with resorcin 
yellow. Aqueous solution gives a brown 
precipitate with acids. Dissolves in sulphurio 
acid with a brown colour. 

Literature.— D. R. P. 18861 ; A. P. 269359. 

'See also DIBAZO- AXD Tetbazo- ooloubieo 
MATTERS. 

* It will be sufSclent to give the chemical formulie of 
these disazo-oompounds without giidlig their names in 
full. 

* Pssreslduo of primuline or dehydrothiotoluldine 

refers to sulphonic acid. . 

* Acoording to Heumann (Die Anilinfarbeu und Ihre 
Fabrikatlon) the formula Is— 

P'NjC.HdfHjKSOaHVNHN^'C.Ha'SO.F 
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FMt Brown G (A.) ; Add Brown (D.) (P.) 
Aoid Brown G (T. M.) (B. K.) 

(HSO,*CeH*Na),C|oH»OH(a) 

Frjmarod by the action of diazotised sulphanillc 
odd (2 jdoIb.) on a-naphthol (1 mol.). Aqueous 
solution red- brown; violet precipitate with 
dilute acid. Sulphuric acid solution violet, 
becoming yellowlsn-brown on dilution. 
JMmiture. — Krohn, Ber. 1888, 21, 3241. 

Fast Brown (By.) ; Resorcin Dark Brown 
(B.K.) ;(HS()a'C,oH,*Na),C,H,(OH),. Prepared 
1^ the action of diazotised naphthionio acid 
(2 mols.) on resorcinol (1 mol.). Brown aqueous 
solution gives a readily soluble precipitate with 
hydrochloric acid, and becomes cherry -rod with 
sodium hydroxide. Solution in sulphuric acid 
is currant-red. 

Literature. — D. R. P. 18801, 

Palatine Black A (B.) ; Wool BUck 4 B and 
6 B (A.) ; Buffalo Black PY (Sch.) 

HSO/C,H4-N,-CioHj(SO,H)(OH)(NH,)*N,*CioH, 

Pxenarod by the action of dia/otised sulphanilic 
acid ^ (1 mol.) on 1 : 8-aminonaphthoi-4-8ul- 
phonic acid in acid solution, and treating the 
product in alkaline solution with diazotised 
a-naphthylamino (1 mol.) in alkaline solution. 
Dark-blue aqueous solution beco'mos bluish-green 
with hydrochloric acid and pure blue with 
sodium hydroxide. The solution in sulphuric 
acid is blue, giving a dark- blue precipitate on 
dilution. 

Lilendarc.—E. P. 7713 of 1801 and 0894 of 
1893; D. R. P. 71190, 91865; P. P. 213232; 
A. P. 690088, 693790. 

Naphthol Blue Black S; Naphthol Black 
12 B (C.) ; Naphthol Blue Black B ; Acid Black 
16622 (L.) ; Wool Black 6 0 extra cone. (T. M.) ; 
Naphthalene Black 10 B (P.) ; Blue Black NB 
(K.); Coomassie Blue Black (Lev.); Amido 
Black 10 BO (M.) ; Amido Add Black 10 B (A.) ; 
Naphthylamine Black 10 B (By.) ; Buffalo Black 
NB (Sch.) ; Agalma Black 19 B (B.) : 

NO,'C«H,'N,C\oH,(SO,H),(OH)(NH.)N,-C,H, 

Prepared by the action of diazotised p-nitro- 
anilme (1 mol.) on 1 : 8-aminonaphthol-3 : 6- 
disulphonio acid (H-acid) in acid solution, and 
treating the product in alkaline solution with 
diazotised aniline. The dark- blue aqueous 
solution gives a blue precipitate with hydro- 
chloric acid. The solution in sulphuric acid 
is green, giving a blue precipitate on dilution, 
tifcrolttrc.— E. P. 1742 and 6972 of 1891 ; 
D. R. P. 66061 ; F. P. fourth addition to 201770 ; 
A. P. 480320. 

Domingo Blue Black (various marks) (L.). 
Isomeric with the preceding, 1 : 8-amino- 
naphthol-S : O-disulphomcacid being used instead 
of M-aoid, 


Mark o gives a violet aqueous solu- 
tion, and a green solution in sulphuric acid. 

Litmaure.-^E. P. 19263 of 1896 ; D. R. P, 
appl. F 8620 ; A. P. 606438. 

Chrome Patent Green N, C (K.) : 
(NO,),C*IL-N,Ci«Ha{SO,H),(NH,)OH. 

I I 
OH 

PrepaM by the action of diazotised iLniiinft 
(1 mol.) ana diazotised pioramio acid (1 mol.) 
on 1 : 8-amiaonaphthol-4 : O-disulphonio acid. 


Literature.— E. P. 15074 of 1899 ; D. R. P. 
110711 ; F. P. 291316. 

Blue Buck N (K.) : 

NOaC,H4N,C,oH,(SO,H),(OH)NHg 

N.C,H. 

Prepared by the action of diazotised p-nitro* 
aniline (1 mol.) on 1 : 8-aminonaphthol-4 : 6- 
disulphonic acid in acid solution, and treating 
the product in alkaline solution with diazotised 
aniline. 

Literature.— D. R. P. 108266 ; F. P. 271070 ; 
A. P. 663384, 613639. 

Supramine Black BR (By.). The special 
base used in the preparation of this colouring 
matter is p-aminophenyl ether. Two mols. (or 
one of this and one of another base) are diazo- 
tised and combined with 1 : 8-aminonaphthol- 
4 : 6- or 3 : 6-disulphonic acid. 

Literature.— E. P. 402646 ; A. P. 958830. 

Janus Yellow R (M.). 

N(CH,)sC10,H4*NaO.Ha(OH)a*N,C,H4NO, 
Prepared by combining diazotised m-amino- 
phenvltrimethylammonium chloride with m- 
nitrobenzcneazoresorcinol. Yellowish - brown 
aqueous solution gives a yellowish- brown pre- 
cipitate. Solution in sulphuric acid is magenta- 
red, becoming yellow on dilution. 

Literature.— E. P. 6119 of 1897; D. R. P. 
93490, 95630, 99127, 100420; F. P. 264679; 
A. P. C23()07. 

Azldine Fast Scarlet GGS, 4BS, 7 BS (0. J.). 
These dyes are prepared by the action of 2 
mols. of a diazo- compound on the substance 
HSO,CioH6(OU)-NHCO*NHO,H,(CH,)SO*H 

DHC,oU 5 (S 03 H)NHCONH 

The brand GGS is made from diazotised 
o-toluidine (2 mols.), 4 BS from diazotised o- 
toluidine (1 mol.), and diazotised B-naphthyl- 
amine (1 mol.), and 7 BS from diazotised 
naphthylamine (2 mols.). * 

Literature.— E. P. 1781 of 1910 ; D. R. P. 
appl. J. 11718; F. P. 412138; A. P. (appl.) 
641843. 

Benzo Fast Scarlet'GS, 4 BS, 8 BS, Ac. (By.). 
These dyes are obtained by the action of 2 mols. 
of a diazo- compound on the urea produced by 
the action of carbonyl chloride on 2 mols. of 6- 
amino-a-naphthol-S-sulphonic acid (J-acid) ; i.e. 
HSO,*CiaH5(OH)NH*CO-NHC,oH4(OH)-SO,H, 
or by treating azo- colouring matters from diazo- 
com^ounds and J-acid with carbonyl chloride 
or with carbon disulphide. 

Literature.— E. P. 3616 of 1900 ; D. R. P. 
122904, 126133, 126801, 128195, 132511, 133466; 
F. P. 297367 ; A. P. 663498, 662122, 676629. 
076632. 


B. Secondary Disazo- Colouring Matters. 

Sudan III (A.) ; Corasino Rod (0.) (Barking 
Chemicals Co., Ltd.); Fat Ponceau G (K.) 
Searlot R (C. J.); Scarlet B OU Soluble (B. K.) 
Mot! Red 2 R (T. M.) ; Pyronal Red B (D.) 
Oil Red 0 (Sch.) : 

C,H5-N,C4H4N,C;oH.OH(i8) 

Prepared by the action of diazotUed aminoazo 
benzenA ^ j9-naphthol. Insoluble in water; 
dissolves in sulphuzio add with a green ooluur. 
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beoominj; blue, and finally red and precipitating 
on dilution. 

LiUratun, — ^Nietzki, Ber. 1880, 13, 1838; 

E. P. 5003 of 1879 ; D. R. P. 16483, 65779 ; 

F. P. 134802. 

Poneeau 5 B (M.) (K.) ; Erythrlne P (B.) : 

C«lt*N,C.H4N,CtoHs(SO,H),OH 
Prepared by the action of diazotised aminoazo- 
benzene on /3-naphthol-3 : 6 : 8-tiisulphonio acid 
in alkaline solution. Cherry-red aqueous solu- 
tion gives a brown precipitate with hydrochloric 
acid, and becomes violet with sulphuric acid. 

JL»<ero<iire.— E. P. 2544 of 1882 ; D. R. P. 
22038 ; F. P. 149249 ; A. P. 268507. 

Cloth Red G (By.) ; Cloth Red R (D.) ; Silk 
RedR(B.); Fast Silk Red (0.) : 

C«H6-N,C.H4N,CioH,(SO,H)OH 
Prepared by the action of diazotised aminoazo- 
benzene on a-naphthol-4-8ulphonic acid in 
alkaline solution. Dissolves in sulphuric acid 
with a violet colour, giving a brownish-red 
precipitate on dilution. 

Lrtcrolttrc.— E. P. 2237 of 1883 ; D. R. P. 
26012. 

Croceine B (Sch.). The disulphonic acid 
corresponding with the preceding ; produced 
by the action of diazotised aminoazobenzeno 
on a-naphthol-4 : 8-disulphonio acid. 

Ltterolure.— E. P. 16776 and 15781 of 1886 ; 
D. R. P. 40671 ; F. P. 173083, 173084 ; A. P. 
333037. 

Croeefne AZ (C.). Isomeric with the pre- 
ceding. Prepared from a-naphthol-3 : 6-disul- 
phonic acid. The solution in water is red, and 
m sulphuric acid reddish-violet. 

BrUllantCrocelne M (C.)(B K.) (0.); BrlUlant 
Croceine 8 B (By.) ; Brilliant Croceine bluish 
(M.); Brilliant Croceine 0 (K.) ; Brilliant 
Croceine, extra cone. (T. M.); Cotton Scarlet 
(B.) ; Ponceau BO extra (A.) ; Croceine 8 B 
(P.) ; Croceine AZ (K. S.) ; Paper Scarlet (M.) : 

C.H.-Nj CaH* N, CioH 4(SO,H), OH 
Prepared by the action of diazotised aminoazo- 
benzene on iS-naphthol-6 : S-disuIphonic acid. 
Dissolves in sulpnuric acid with a reddish- 
violet, becoming first bluer and then red on 
dilution. 

Lt(€folufe.--E. P. 816 of 1884; D. R. P. 
36491 : F. P. 169998 ; A. P. 314939. 

Azo Acid Violets (various marks) (By.) are 
prepared from diazotised aminoazobenzene (and 
similar compounds) and 1 : 8-dihydroxynaph- 
thalene-4-8u]phonic acid (or disulphonic acid). 

Literaturt. — E. P. 3397 of 1890 ; 6984 of 
1891 ; D. R. P. 67021, 64017. 

Sudan IV (A.) (DO ; Oil Ponceau (M.) (W.) ; 
Cerotine Ponceau 8 B (C. J.) ; Fat Ponceau R 
(K.); Scarlet BBB Oil Soluble (B. K.); Red 
P im (P.). {See also Fast Azo Garnet, p. 457.) 
07 H 7 *Na'C 7 Ha'Nt'Cio H«*OH. Prepared from 
diiuiotised o-aminoazotoluene and ^-^phthol. 
Insoluble in water, but soluble in alcohol or 
benzene with a bluish-red colour. Sulphuric 
add gjives a blue solution, which yields a red 
pzedpitate on dilution. 

ObfhRedB(By.) (D.); 

C,H7Na*C7H,Na-CioH,(SO,H)OH 
Prepared by the action of diazotised o-Auno- 
azotoliiene on o-naphthol-dHitilphonio acid. 


The red aqueous solution gives a red predpiUte 
with hydrochlorio acid, and on adding so^um 
^droxide to the solution it becomes violet. 
'Hie solution in sulphuric acid is blaokish-bluo. 

Littraiure^ — ^B. P. 5903 of 1879 ; D. R. P. 
16482. 

Cloth Red G (0.) ; Cloth Red G extra (By.) ; 
Cloth Red GA (A.) ; Addol Cloth Red G (T. M.) : 

C7H,NaC7H,-N.C,oHg(SOaH)OH(^) 
Produced by the action of diazotised amino- 
azotoiuene on j9-naphthoI-6-sulphonio acid. 
Dissolves in water with a red-brown colour 
giving a similarly coloured precipitate on addi- 
tion of acid. Dissolves with a blue colour in 
sulphuric acid, givmg a brownish-red precipitate 
on dilution. 

Zitero<urc.— E. P. 6093 of 1879 ; D. R. P. 
16482. 

Cloth Red B (0.) (K.) ; Cloth Red 0 (M.) ; 
aoth Red BA (A.) ; Cloth Red BB (D.) ; Fast 
Bordeaux 0 (M.); Fast Milling Red B (Lov.>; 
Wool Red B (C.) : 

C7H,*NaC,H.N,-C|oH4(SO,H)a-OH(0) 
Prepared by the action of diazotised aminoazo- 
tolucne on 3-naphthol-3 : 6 -disulphonic acid (R- 
salt). Aqueous solution rod, becoming brownish 
on addition of hydrochloric acid. Dissolves in 
sulphuric acid with a blue colour, giving a 
brownish-red precipitate on dilution. 

Literature as under preceding colour and 
E. P. 636 of 1880. 

Cloth Red 3 G extra (By.) ; Cloth Red 8 GA 
(A.) ; Cloth Red 8 G (0.) : 

C7H7-N,C7HeN,CioH.(SO,H)NH, 
Prepared by the action of diazotised amino- 
azotoluene on i8-naphthylamino-6-sulphonio acid. 
The red aqueous solution gives with hydrochloric 
acid a dark reddish-brown precipitate. The 
solution in sulphuric acid is dark greenish-blue, 
and gives a brownish-red precipitate on dilution. 

Bordeaux BX (By.) : 

C«H.-N,C«H.*NaCioH6(SO,H)OH 
Prepared by the action of diazotised amino- 
azoxylene on )9-naphthol-6-sulphonio acid. 
Solution in water is brownish-red, and gives a 
brownish- red precipitate with hydrochlorio acid 
or sodium hydroxide. Sulphuric acid dissolves 
colour to a green solution, which gives a reddish- 
brown precipitate on dilution. 

Literature,—^. P. 6003 of 1879 ; D. R. P. 
10482. 

Union Fast Claret (Lev.) : • 

C«H.N,C.H8-N,C,oH4(SO,H)a*OH(iS) 
Prepared by the action of diazotised aminoazo- 
xylone on /3-naphthol-3 ; 6-diaulphonio acid. 
Soluble in water with a Bordeaux-red colour; 
reddish-brown flocculent precipitate on adding 
dilute acid. Solution in sulphurio acid dark 
blue, giving reddish-brown precipitate on 
dilution. 

Literature. — E. P. 6003 and 6021 of 1879, 
636 of 1880; D. R. P. 22010; A. P. 210233, 
246221. . 

Croeeine Searlet 8 B (By.) (K.) (T. M.); 
Erythrlne 2 R (B.) ; Ponceau 4 RB (A.) : 

HSO,CJH4N,CJR*N,OioHo(SO,H)OH 
Produced bv the action of diazotised aminoazo- 
benzenesulphonio acid on ^-naphthol-S-snl- 
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phonic acid (Bayer*8). Solution not precipi- 
tated by alkali ; a red precipitate pr^uced by 
barium chloride, becoming dark-violet and 
crystalline on boiling. Dissolves in sulphuric 
acid with a deep- blue colour, becoming violet 
and then red on dilution. 

JjiitraluTP.. — K. F. 1225 and 2030 of 1881, 
2411 of 1883, 8300 of 1884; D. R. P. 18027 ; 
F. P. 142024 ; A. P. 260380. 

Fait Scarlet B (K.) : 

HSO,C.H.N;c.H*-NaC,oH5(SO,H)OH 
Prepared by the action of diasotised aminoazo- 
benzenemonosulphonic acid on j9-naphthol- 
6-sulphonic acid (Schaifer's). Red solution 
in water, giving brown precipitate with hydro- 
chloric acid and a red- violet colouration with 
sodium hydroxide. Solution in sulphuric acid 
is blue, and becomes rod on dilution. 

LiUralure. — D. R. P. 16482. 

Cloth Scarlet G (K.) : 

HSOj-C.H^-NaC.H^Na'G, oH.OH 
Prepared by the action of diazotised aminoazo- 
bcnzenomonosulphonic acid on ;3-naphthol. 
The scarlet solution in water gives a brown 
precipitate with sodium hydroxide, and becomes 
yellower on addition of hydrochloric acid when 
dilute, but in concentrated solutions a light- 
red precipitate is produced. The solution in 
sulphuric acid Ls green, becoming red on dilution. 

Literature.— K P. 5003 and 6021 of 1871), 
536 of 1880 ; D. K. P. 10482. 

Milling Orange (D.) : 

HSO,OeH4*N,*CeH4*NaCJia(COaH)OH 
Prepared by tlio action of diazotised aminoazo- 
benzononionoHulphonio acid on salicylic acid. 
Orange-rod solution in water, giving greyish- 
yellow procipilato with hydrochloric acid, and 
a dark-rod solution and precipitate with sodium 
hydroxide. The solution in sulphuric acid is 
violet,' giving a greyish-yellow precipitate on 
dilution. 

Poneeau 3 RB (A.) (H K.) ; New Red L (K.) ; 
Ponceau B extra (M.) ; Fast Ponceau B (B.); 
Double Scarlet (K.) ; Scarlet EC (C.) ; Blackley 
Scarlet (Lev.) ; Scarlet B (P.) : 

HSO,C4H4N4*C4Ha(SOaH)NaCxoHe*OH 
Prepared from diazotised aminoazobenzene- 
disulphonio acid and jS-naphthol. Solution not 
precipitated by alkali ; a brown fiooculent 
precipitate by dilute acids. Dissolves in sul- 

S * uric acid with a green colour, becoming first 
le and finally brown and precipitating on 
ution. 

Literaiure.—^. P. 6003 of 1879, 629 of 1880 ; 
D. R. P. 16482 ; A. P. 224927, 224928 ; Nietzki, 
Ber. 1880, 13, 800, 1838; Miller, ibid. 542, 
803, 980. I 

Croeefhe Scarlet 0 extra (K.) : 

H80,*C,H4N**C.Hj(S03H)N,CiqH4(S04H)0H 
Prepared by the action of diazotised aminoazo- 
benzenedisulphonio acid on iB-naphthol-8-aul- ! 

S honio acid. The yellowish-red aqueous solu- 
ion gives a violet colouration with hydrochloric I 
acid or sodium hydroxide. The solution in 
sulphorio acid is blue, becoming yellowish-red i 
on dilution. 

troetfna Scarlet 7 B (Ruoh AF'ils) ; Poneeau 
6 RB (A.); Croeeine Scarlet 8 B (K.) (By.); 
Eiythrlno 7 B (B.) ; Coeeei'ne 7 B (P.) * 


HSO,C,H4N,C7H.-N,CioH6(SO,H)OH(n) 
Prepared by the action of diazotised aminoaze 
toluenesulphonic acid on /3-naphthol-8*salphoni 
acid (Bayer’s) in presence of ukali. Resemble 
croeeine scarlet 3 B in general properties ; give 
a crystalline magnesium salt on adding mogne 
sium sulphate to hot concentrated solution an 
allowing to cool. Dissolves with a blue colou 
in sulphuric acid, becoming red on dilution. 

Literature as for croeeine scarlet 3 B ; an 
A. P. 266376. 

Orseiillne 2 B (By.). Prepared by the actio 
of diazotised aminoazotoluenesulphomc aci 
on a-naphthol-4'8ulphonic acid. Dissolves wit 
a blue colour in sulphuric acid, becoming re 
on dilution. 

Literature . — £. P. 2237 and 4237 of 1883 
D. R. P. 26012. 

I Bordeaux G (By.) (M.). Prepared by th 
action of diazotised aminoozotolucnemonc 
sulphonic acid on iS-naphthol-6-sulphonic acic 

Literature.—}^. P. 6003 of 1879 ; D. R. I 
16482, 16483. 

Erlochrome Verdone A (G.) : 

HSO,C4H4NaC7H6(OH)N3CioH«OH 
Sulphaiulic acid is diazotised and combined wit 
m-amino-«-cresol and the product is diazotisc' 
and combined with /3-naphthol. The violc 
aqueous solution becomes claret-red wit 
hydrochloric acid, and blue-green with sodiun 
hydroxide. The solution in sulphuric acid i 
green, giving a brown-red precipitate on dilu 
tion. Wool is dyed in claret-red shades fron 
an acid- bath and on chroming becomes blue 
groon. 

Ltleraliue.—K. P. 13903 and 13904 of 1909 
D. R. P. 201377, 224024, 227197 ; F. P. 40453C 

Ponceau 10 RB (A.) : 

HSO, C.lfiNa CVMO ClIa) N* CioH5(804ll) OH 
Sulphanilic acid is diazotised and combinei 
With o-anisidinc, and the product diazotisei 
and combined with /S-naphthol-S-sulphonic acid 
The aqueous solution is red, and that in sul 
phurio acid blue. 

Janus Red B (M.) : 

N(CH3)3ClCeH4N,C.H,(CH3)NaC,oH.OH 
Prepared by diazotising m-aminophenyltri 
metliylammonium chloride, combinmg will 
m-toluidine, diazotising the product and com 
bining with jS-naphtfioI. The red aqueou 
solution gives a brownish -red precipitate wit] 
hydrochloric acid and a bluish -violet precipitat 
with sodium hydroxide. The solution in sul 
phurio acid is green, and gives a red precipitat 
on dilution. 

Literature. — E. P. 6119 of 1897, 10696 o 
1898; D. R. P. 93499, 95718, 98685, 100919 
F. P. 264679 ; A. P. 623697. 

Neutral Grey G (A.) : 

C4H».N,C|oH4*N,CioH4(SO,H)(NH,)OH 
Diazotised benzeneazo-a-naphthylamine is com 
bined with 7-amino-a-naphthol-3-sulphonic aci( 
( 7 -acid). It gives a blackish- violet solution ii 
water, and a bluish-green in sulphuric acid. 

Literature. — D. R. P. appl. A. 3743. 

Nyanxa Blaok B (A.) : 

NH,iC4H4N,C.oHeN,C,oH4(SO,H){NH,)OH 
Prepared by the action of diazotised p-amino 
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beiUE6iieazo>a>iiaphthylamine (only one amino* 
groan ia diazoused) ^ on 7*fl(tamo-a-naphthol* 
3*suiphonio acid (7-acid). Solution is dark- 
violet and i^ives violet precipitates with hydro- 
ohloiio acid and somum hydroxide. The 
solution in sulphuric acid is blue, and gives a 
violet precipitate on dilution. The colouring 
matter itself produces only indifferent shades, 
but when diazotised and developed on the fibre 
fast shades are obtained. When developed 
with m-tolylencdiamine, a brown-black is 
obtained, and with /3-naphthol a navy-blue. 

Literature, — E. P. 277 and 6030 of 1892 ; 
D. B. P. 72393, 72394, 80421 ; F. P. 221378 ; 
A. P. 491410, 611688, 612167. 

Coomassle Wool Black R (Lev.) : 

NH,-CeH,N,C,oH,N,C,oH8(SO,H)OH 
Prepared by the action of diazotised p-acetyl* 
aminobenzeneazo-a-naphthylamme on /9-naph- 
thol-6-8ulphonic acid (SchaiTor's), and hydrolys- 
ing the product. The dark-violet solution 
^vcs a precipitate with hydrochloric acid. The 
solution in sulphuiic acid is green, becoming 
red on dilution. 

Literaiure. — E. P. 24980 of 1899 ; D. R. P. 
122457 ; A. P. 664167, 064108. 

Coomassle Wool Black S (Lev.)* 

NH,C«H4N,CioH»N,C,on4(S03H),OH 
Prepared as the preceding dyestuff, the Onal 
component being i3-naphthol-3 : O-disulphonic 
acid (R-salt). The blue-olack aqueous solution 
becomes redder with hydrochloric acid. The 
solution in sulphuric acid is green, becoming 
red on dilution. 

Literaiure. — as above. 

Diamlnogen BB extra (C.) : 

NHa C,oH,(S03H) N3 CjoH. N, CioHjfSOaHVOH 
Monoacctyl-1 : 4-naphthylenGdiamine-7-sulpho- 
iiic acid is diazotised and combined with 
a-naphthylamino, the intermediate product 
diazotised and combined ' with 7-aminO'a- 
naphthol-S-sulphonio acid (7-acid), and the 
product hydrolysed. When diazotised and 
developed on the fibre a fast black is produced. 

Literaiure.— P. 16444 of 1893 ; D. R. P. 
78831, 79910; F. P. 232299; A. P. 633463, 
660796. 

Diamlnogen Blue BB (C.) ; Diazanil Blue BB 

(M.). Prepared as the preceding, but the end 
component is /3-naphthol-6-Bulphonio acid 
(Schaffer's). 

Literaiure as above. 

Diamlnogen Blue G (C.). Prepared as above, 
the end-component being )8-naphthol-3 : 6- 
disulphonio acid (R-salt). * 

Literaiure as above. 

Diazo Indigo Blue is an analogous product. 

Zambesi Sky Blue 4 B (A.). Prepared from 
diazotised monoacetyl-3 : d-diaminocresyl methyl 
ether combined with a-naphthylamine,* the 
intermediate product being diazotised and 
combined wiw A-naphthoI-ff-sulphonio acid 
and the end-product saponified. The reddish- 
violet aqueous solution becomes redder with 

i All the authorities give the above constitution for 
this colouring matter, but it is generaliy understood that 
a benzenold amino- group Is diazotised preferably to a 
naphthalenoid amino- group. 

* According to Buntrock (Zeitsch. Farbendn#. 1002, 
1, 224). The patents Quoted give the 6- or T-sulpbonlc 
acid as Intermediate component. 


hydrochloric acid and bluer with sodium 
hydroxide. The solution in sulphuric acid is 
blue, and becomes violet-red on dilution. 

Literature.— E. P. 2188 of 1901 ; D. R. P. 
120172. 

Victoria Black B (By.): 

HS03*C,U,N3CioH«N*-CioH4(OH)3SO,H 

Prepared by the action of diazotised p-sul- 
phobenzeneazo-a-naphthylamine on 1 : 8-dihy- 
droxynaphthaleno-4-sulphonic acid. The dark 
reddish - violet aqueous solution gives with 
hydrochloric acid a Burdoaux-red precipitate, 
and with sodium hydroxide becomes dark- 
blue violet. The solution in sulphuric acid ia 
moss-green, changing on dilution to sea-green, 
and then to bluish-red. 

Literature.— E. P. 13666 of 1889 ; D. R. P. 
61707. 62945 ; K. P. 200520 ; A. P. 466202. 

Buffalo Black 10 B (Sch.) ; Acid Black N (P.): 

HS03*C,ll4N/CioH3NaCioH3(SO.H)3(OH)’NH, 

Prepared as the preceding, except that 1 : 8- 
aminonaphthol-3 : 6-disulphonic acid (H-acid) ia 
used as the end-component. The solutions in 
water or sulphuric acid are blue. 

Literature. — A. I*. 618963. 

Jet Black R (By.) : 

(HS03)3C.H3N3(\oH,N3C,oH3-NHC«H3 
Prepared by the action of diazotised disulpho- 
bciizenea/.o-a-na])hthylamiae on phcnyl-d- 
najihthylainiiie. The bluish • violet aqueous 
solution gives a bluish- black precipitate with 
hydrochloric acid, and a soluble violet precipitate 
with sodium hydroxide. Sulphuric acicl dis- 
solves the colouring matter to a blue solution, 
which gives a greenish- blue precipitate on 
dilution. 

Literature.— E. P. 14442 of 1888 ; D. R. P. 
48924 ; F. P. 193430 ; A. P. 425886. 

Diamond Black F (By.) (B.) (L.); Chrome 
Fast Black FRW (I.); Chrome Deep Black 
(T. M.) ; Sallcin Black D (K.) ; Era Black F 
(Lev.) : Fast Chrome Black B (Sch.) ; Fast 
Mordant Black B, T (M.) ; Chrome Black J (11.) : 

COaHC.H,(OU)N3CxoH,N,'C,oH3(SOaH)OH 
Aminosalicylic acid is diazotised and combined 
with a-naphthylamino, and the product diaxo- 
Used and combined with a-naphthol-4- (or 5-) 
sulphonic acid. Bluish- violet solution gives 
violet precipitato with hydrochloric acid, and 
becomes blue with sodium hydroxide. Solution 
in sulphuric acicl is greenish, giving a violet 
precipitate on dilution. Similar dyestuffs are 
Era Blacks J and NG (Lev.). 

LiUraiure.—E. P. 8299 of 1889 ; D. R. P. 
61504 ; F. P. 198521 ; A. P. 438438. 

Nerol B (A.) : 

C.H3NHC,H,N,C|pH,*N,CioH4(SO,H), 


SO,H OH 

p-Arainodiphenylamine-o-sulphonio acid is di- 
azotised and combined with a-naphthylamine, 
and the intermediate product is diazotised and 
corniced with 5-naphthol-3 : 6-dMulphonio acid 
(R-salt). Dork violet-blue solution in water 
gives a blue precipitate with hydrochlorio acid. 
The solution in sulphuric acid is dark^lue- 
violet, giving a blue-violet precipitate on dilu- 
tion. 
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E. P. 24627 of 1897 j D. E. P. 
101274; F. P.271609. 

Nerol 2 B (A.). Prepared as the preceding, 
except that the last component is cunaphthohi- 
Bul^onic acid. 

Properties and literature as above. 

Diamond Green (By.) : 

C.Ha(OH)NaC,oH.*N,*CioH4(SO,H)(OH), 

COjH 

Prepared by diazotising aminosalicylic acid 
anti combining with a-naphthylamine, the 
intermediate product being diazotised and 
combined with 1 : 8-dihydroxynaphthalene-4- 
Bulplionic acid. The blackish- violet aqueous 
solution gives a dark roddish-violot precipitate 
with hydrochloric acid, and becomes dark blue 
with sodium hydroxide. The solution in 
sulphuric acid is bluish-green, becoming greenish- 
blue, and finally giving a blaokish-violet pre- 
cipitate on dilution. 

JJteralvre. — E. P. 8209 of 1889 1828 of 
1890 ; D. R. P. 61604, C2003 ; F. P. 198621 ; 
A. P. 438438. 

Naphthylamlne Black D (0.) (K.); Deep 
Black D, oonc. (T. M.) ; Coomassle Wool Black D 
(Lev.) ; Buffalo Black AD (Sch.) ; Add Black 
NN (1.) ; Naphthalene Black R (H.) : 

(HSO,),C,oH.-N,CioHeNaCioH«NH, 
a-Naphthylaniine-3 : 6-disulphonic acid is diazo- 
tised and combined with a-naphthylamine, 
and the intermediate product diazotised and 
combined with a-naphtliylamine. The violet- 
black aqueous solution gives a black precipit^ito 
with hydrochloric acid. The solution in sul- 
phuric acid is bluish-black, and on dilution 
Decomes green, and finally gives a black 
precipitate. 

Literatare.--E. P. 18426 of 1888 ; U. R. P. 
60907 ; F. P. 170342 ; A. P. 412440. 

Naphthylamlne Black 4 B (C.) ; Naphthalene 
Blaok D (H.) is a mixture of Naphthol bluc< 
black and the preceding colouring matter. 

Naphthyl Blue Black N (C.) ; Alphyl Blue 
Black 0 (M.). 4 : 7-Di8ulphonaphthalcneazo- 
a- naphthylamlne is diazotised and combined 
with aminonaphthol ethyl ether. The dark- 
violet aqueous solution turns blue and gives a 
blackish- blue precipitate with hydrochloric 
acid, and becomes blue and precipitates with 
sodium hydroxide. The solution in sulphuric 
acid is dark blue, which on dilution becomes 
blue, and finally bluish- violet. 

Literature.-^hem. Ind. 1896, 19, 648. 
Anthracite Black B (C.); Phenylene Black 
(P.): 

(HSO,),CioH,N,CioH.-N,*C,H,(NHC,H,), 

a-Naphthylamine-3 : 6-(4 : 7-in the case of the 
latter dye) -disulphonio acid is diazotised and 
combined with a-naphthylamine, and the pro- 
duct diazotised and combined with diphenyl-i}i- 
phenylenediamine. The dull-violet aqueous 
solution gives a violet precipitate with hydro- 
ohlorio acidC The solution in sulphuric acid 
is black, giving a greenish-black precipitate on 
dilution. 

Literature, — ^E. P. 4826 and 7977 of 1889; 
D. R. P. 62616, 61202 ; F. P. 196793, 197963 ; 
A. P. 502912. 


Naphthol Black B (C.); BiUlaot BiaeK B 
(B.); Naphthol Black OPAS (Lev.); Buffalo 
Black 2 B (Sch.) ; Carbon Black B, 8 B (M.) ; 
Wool Black B, SG (D.) : 
(HSO,),CioH5-N,CioH,*N,C,oH 4(SO,H),.OH 
i3-Naphthylamine-6 : 8-disulphottio acid is dia- 
zotum and combined with a-naphthylamine, 
and the product diazotised and combined with 
i3-naphthol-3 : 6-disulphonic acid (R-salt). The 
violet aqueous solution gives with hydrochloric 
acid a reddish- violet and with sodium hydroxide 
a blue precipitate. The solution in sulphuric 
acid is green, becoming bluer on dilution, and 
then giving a reddish-violet precipitate. 

Literature.. — E. P. 9214 of 1886 ; D. R. P. 
39029 ; F. P. 170342 ; A. P. 345901. 

Naphthol Blaok 2 B (Lev.) is prepared as 
the preceding, but starting with a-naphthyl- 
amine-3 : G-disulphonic acid. 

Naphthol Black 6 B (C.) (K.); Acid Blaok 
6B(H.): Brilliant Black BD (B.) ; Naphthalene 
Black 5 B (P.) ; Naphthol Black (D.) ; Add 
BUck 5 B, BR (T. M.) ; Wool Black (B. K.) ; 
Acldol Black (T. M.) is prepared by the action 
of diazotised 4 : 7-disulphonaphthaleneazo-a- 
naphthylamino on /3-napntholdisuIphonio acid 
(R-salt). Aqueous solution dark violet, becom- 
ing dark blue with acid or alkali ; dissolves in 
sulphuric acid with a dark -green colour, becoming 
blue on dilution. 

LtfcrafuiY.—E. P. 9214 of 1886 ; D. R. P. 
39029; F. P. 170342; A. P. 346901. 

Sulphone Blaok G, R (By.) : 

C«H5 N, CioH5(S03l£) N8 CioH,(OH) 3 *S 03 H 
Diazotised aniline is combined with a-naphthyl- 
amine - 6 > (or 7) - sulphonic acid, the product 
diazotised and combined with 1 : 8-dihydroxy- 
naphthalene-4'Bulphoiiio acid. The aqueous 
solution is reddish-violet, and that in sulphuric 
acid is greenish- blue. 

Blebrlch Patent Black BO (K.) : 

(HSO,)aCioH3N,CioH5N8CioH4(SO,H),OH 

I 

SO,H 

a-Naphthylaminedisulphonic acid is diazotised 
and combined with a-naphthylamine-6-(or 7)- 
sulphonic acid, the product diazotised and com- 
bined with /3-napnthol-3 : 6-disulphonic acid 
(R-salt). The dark reddish-violet aqueous 
solution is turned slightly blue with hydrochloric 
acid and pure blue with sodium hydroxide. 
Solution in sulphuric acid is dark greenish- 
blue, becoming ^rk violet on dilution. 

Literature, — E. P. 2718 of 1892 ; D. R. P. 
73901, 83672, 84460; F. P. 219424; A. P. 
476070, 646068, 646069. 

Blebrlch Patent Black 4 AN (K.) : 
HSO,OioH,N,C»oH,(S08H)N8C»oH.NH, 
Prepared from diazotised naphthionic acid and 
a-naphthylamine-6-(or 7)-suIphonic acid, the 
product oeing diazotised and combined with 
a-naphthylamine. The violet aqueous solution 
gives a bluish-black precipitate with hydro- 
chloric acid, and becomes blue with so^um 
hydroxide. Solution in sulphuric acid is 
bluish-green, giving a bluish-black precipitate 
on dilution. Bimilu dyestuffs bear the brands 
6A^4BN,and6BN. 

Raerences as above. 
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Anthraoene Add Blaek (variouB marks) (C.) : 

CO,H SO,H 

Aminosalicylic acid is diazotised and combined 
with a-naphthylamine-6-(or 7)-8ulphonic acid, 
and the product diazotis^ and combined with 
/9-naphthol-3 : O-disulphonio acid (R-salt). The 
violet aqueous solution gives a violet precipitate 
with hydrochloric acid, and becomes bluish- 
violet with sodium hydroxide. Solution in 
sulphuric acid is green, giving a violet precipitate 
on dilution. 

Naphthalene Acid Black 4 B (By.) : 

HSO,C«H4NgC,oH,(SO,H)N,CioH,*NH, 
Metanilic acid is diazotised and combined with 
the same acid as in the preceding, and the 
product diazotised and comoined with a-naph- 
thylamine. Aqueous solution is violet, becoming 
blue with hydrochloric acid, and redder with 
sodium hydroxide. Solution in sulphuric acid 
is blue, becoming violet on dilution. 

Sulphoeyanines (various marks) (By.) ; Tolyl 
Blue GR extra, 5 R extra (M.) ; Coomassie Navy 
Blue (various marks) (Lev.) are prepared from 
diazotised metanilic acid, which is combined 
with o-naphthylamine, the product being 
diazotised and combined with phenyl- or tolvl- 
a-naphthylamine-8-sulphonic acid. The violet 
aqueous solution gives a greyish- blue precipitato 
with hydrochloric acid. Solution in sulphuric 
acid is blue, becoming greener and giving a blue 
precipitate on dilution. Similar dyes are 
Sulphone Black 8 B, 4 BT (By.) (c/. D. R. l\ 
75671). 

Literature, — D. R. P. 118C65. 

Sulphoncyamine Black B, 2 B (By.) ; Tolyl 
Black B, BB (M.). a-Naphthylamine-5-8ulpho- 
nio acid is diazotised and combined with a- 
naphthylamine (or with Clevo’s acids), the pro- 
duct being diazotised and combined with 
phonyl-a-naphthylamine-8-sulphonic acid. The 
aqueous solution is violet, and that in sulphuric 
acid dark blue. 

Ltterature. — D. R. P. 118665. 

BrilliaBt Crocelne 9 B (C.) : 

(HSO,)aC,oH*-N,*C.H.‘N,CioH4(SO,H),OH 

/9-Kaphthylamine-6 : 8-disulphonio acid is dia- 
zotised and combined with aniline, the product 
being diazotised and combined with a mixture 
of ;3-naphthol-3 : 6- and 6 : 8-disulphonic acids. 
The bluish-red aqueous solution becomes darker 
and bluer with hydrochloric acid, and brownish 
with sodium hydroxide. The solution in 
sulphuric acid is blue, changing to bluish-red on 
dilution. 

Fast Sulphone Black F, FB (K. S.): 

HSO,-C,oH.-N,-CioH,(SO,H),(OH)’N,CioH,-OH 
Naphthionic acid is diazotised and combined 
witn 1 : 8-aminonaphthol-3 : G-disulphonio acid 
(H-acid), the product diazotised and combined 
with iB-naphthol. The solution in water is 
greenish-black, and in sulphuric acid blackish- 
violet. 

Literature. — ^E. P. 14768 of 1903 ; D. R. P. 
158134. 

0. Tetraio- Oolonrtiig BUttera, • 
Antiwaeene TeUow C (0.) (By.); Fait 


Mordant Yellow GI (B.) ; Acid Alizarine Yellow 

RC(M.): 

j,^.,H4N,C,H3(CO,H)OH 

^C.H4N,C,H,(C0,H)0H 

Prepared from tetrazotised thioaniline and 
sabcylic acid (2 mols.). The light yellowish- 
brown aqueous solution gives a greenish-brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is dark reddish-violet, giving 
a yellowish-grey precipitate on dilution. 

MlUing Red Q (C.) : 

jD^.H4NaC,oH,(SO,H)OH 
®\C.H4N,C,oH5(SOaH)-OH 
Similarly prepared from tetrazotised thioaniline 
and /9-naphthol-0-8ulphonio acid (Schaiferis). 
The orange-red aqueous solution gives a brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is reddish-violet, giving a 
brown precipitate on dilution. 

Cotton Yellow G (B.) ; Renzo Fast Yellow 
5 GL (By.) ; Diamine Fast Yellow 8 G (0.) : 

p^^NHCaH 4 NaC.H 3 (C 03 H) 0 Il 
^'^\NHCaH4Na*CaHa(C0aH)0H 
p-Aminoacctanilido is diazotised and combined 
with salicylic acid, the product hydrolysed and 
treated with carbonyl chloride. The yellow 
aqueous solution gives a brown precipitate 
with hydrochloric acid, and becomes rather 
more orange with sodium hydroxide. The 
solution in sulphuric acid is orango-red, giving 
a bluish-violet precipitate on dilution. 

Liierature,-^K P. 16258 of 1888 ; D. R. P. 
46737, 47902 ; A. P. 430535. 

Benzo Fast Pink 2 BL (By.) : 

CO^«Ha(SO,H)-NaC,oH4(SOaH)(OH)NHa 
^^^\C.H,(SOaH)-Na*CioH4(SOaHKOH)-NlJa 
Prepared from tetrazotised di-p-aminodiphenyl- 
caroamidcdisulphonio acid and 7 - amino- a - 
naphthol-3-8ulphonic acid (7-acid; 2 mols.) in 
neutral or acid solution. The red aqueous solu- 
tion becomes reddish-violet with hydrochloric 
acid and yellower with sodium hydroxide. The 
solution In sulphuric acid is blue, giving an 
almost black precipitate on dilution. 

Literalure.-^Yl. P. 11766 of 1901 ; D. R. P. 
129388, 131613; F. P. 311339; A. P. 687171 ; 
Zcitsch. Farben.-Ind. 1002, 1, 192 ; Chem. Zeit. 
1902, 26, 486. 

MllUng Red R (D.) : 

^C.H4 Na C,oH4(SOaH), OH 
^"*\CeH*NaCioH4(SOaH),*OH 
Prepared from tetra/.otised diaminodi^henjfl- 
metnane and j3-naphthol-3 : 6-disulphonio acid 
(R-salt; 2 mols.). The corre^onding colour 
from diaminodixylylmethane is Cinnabar Scarlet 
BF (B. K.), and that from diamino^xylylphenyl- 
methano is Cotton Ponceau (B. K.) ; Cmnabar 
Scarlet G, R (B. K.). They are all also used for 
the preparation of lakes. 

Literature. — D. R. P. 43644. 

Bismarck Brown (most firms) ; Manchester 
Brown ; Phenylene Brown ; Vesuvine ; Leather 
Brown; Cinnamon Brown; English Brown; 
Brown A (P.) ; 

(NH,),CaH,*N,CaHaN,CaHa(NH,), 
Prepared by addixm a solution of 42*6 kifes of 
sodium nitrite andT 127*6 kilos of hydrochlorio 
acid to a solution of m-phenylenediamine 
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prepMed br reducing 250 kiloe of m-dinitro< 
benxene. The commercial prorluct ia the 
hydrochloride. The aqueous solution gives a 
brown precipitate with sodium ^hvoroxide. 
The solution in sulphuric acid is brown, becoming 
red on dilution. 

Liieraiure.~-K. P. 3307 of 1803 ; Zeitsch. f. 
Chem. 1867, 3, 278; Bcr. 1807. 30, 2111, 2203, 


Azo Alizarine Bordeaux W (1). H.) : 


I Literature. — E. P. 2397 and 168U of 1901 ; 
i D. R. P. 148212, 150373 ; F. P. 308000, 310597, 
313671 ; A. P. 680283, 677227. 

Manchester Brown EE (C.) (Lev.): Btemarek 
Brown R (I.) (By.) (0.) (H.) (Central Dyestuff 
and Chemical Co.) (Ault and Wiborg Co.), Ac. ; 
' Bismarck Brown 2 R. oonc. (T. M.) ; Bismarek 
Brown T (D. H.) ; Vesuvine B (B.) ; Brown N 
(P.) ; Buffalo Brown 68 (Sch.) : 

(NH,),C;H.-N.C,H.-N,C,H.(NH,), 


CO,H-C.H3{OIl)Na(’,H4N,C,«.HjSO,lI)OH 

p-Aminoacctanilide is diaxotised and <oinbined 
with salicylic acid, the product hy<lrolyi<cd 
and diazotised and combiued with a-naphthol- 
4'Sulphonio acid. The aqueous solution is red, 
and that in suiphiiric acia is blue. 

Ltlera/Mrc.- -K. P. 1033 of 1800; D H. P. 
appl. 1) 021K) ; F. P. 284775 ; A. P. 6.31080. 

Azo Alizarine Black 1 (I). H.). Prepared ns 
the j)recc<iing, except tiiat the end-f ornponcat 
is 1:8 dihydroxynaplitlialcnc.3 : fj-di (or 4- 
monri) BuIplionic add 3'hc lujucous Holiition is 
violet, and that in Hulpinnic ucid blue. 

Ltifraiur*. ~h: P. 10.33 of 1800; J> K. P. 
appl. D. 0200 ; F. P. 284776 ; A. P. 640010. 
628721. 

Violet Black (B.) : 

NH,C,oir.N,C,lI,N,C,uH6(SOaIl)()H 
p'Aminoucctanilido is diazotised and combined 
with 1 mol. of a<narihthol 4*sutnlionio acid. 
The ncot>l* group is then removed bv beating 
with alkali, and the anuno< eompoiiiuf i.s diazo* 
tisod and combined with I mol. of a-nuphthyl- 
ammo. Aqueous solution browiiish-roii, giving 
violet prccipiUito with mineral acids and 
roildish- violet colouration with acetic acid or 
with sodium hy<lruxido ; blue solution m sub 
phuriu acid giving viole t precipitate on dilution. 

Kiternturr. — I). H P. 42814. 

Ingrain Black C(H.) : 

IlSOa C,olf»(Nn,)'N,'C,n4 C,oH4(80,U)(on) NHi 
p'Aminoacetanilido is diazotised and combined 
with a-naphthylarunie-6 (or 7)'Sulphonio acid 
(Clove’s aei\I), ‘the product hytlrulyscil, diazo- 
tised, and combined with 1 mol of 7‘amiiiu-a- 
naphthob3-siilphunie acid (y ro'id). 

Acid Alizarine Black SB (M.) ; Palatine 
Chrome Black F (B.) : 

11803 C,H,(Oll){N, C.olVOH), 

Prepared from totrazotiseil 2 : 6-diamiiiophenob 
4-sulphonic acid and /9-naphthol (2 riiols.). 
J>i.rk-|}lue aqueous solution gives a red pro- 
cipitato with hydrochloric aeid and a greenish- 
blue precipitate with sodium hydroxide. The 
solution in sulphuric acid is viotot, giving a 
red precipitate on dilution. 

literature.— E. P. 18624 of 1900, 16811 and 
2397 of 1901 : 1). U. P. 147880. 160373 ; F. P. 
304694, 308588, 310597, 313671 ; A. P. 6ti5696, 
077231. 

Aold Alizarine Black SN (.M.) ; Palatine 
Chrome Black S (B.). Similar to the above, 
except that 1 mol. of /9*naphthol and 1 mol. of 
^•naphthobOwulphonio acid are used as com- 
ponents. The blue aqueous solution gives a 
red precipitate with hydrochlorio acid, and 
beoouiee violet with somum hydroxide. The 
solution in anlphurio acid is violet, giving a 
reddish-brown precipitate on dilution. 


Prepared in the same manner as Bismarck 
brown, but m-tolylenediamine is used instead 
of m-phenylcncdiamino. The reddish-brown 
a<]U 60 us solution becomes yellowish* brown with 
hydrochloric acid, and gives a li^t- brown 
procipitato with sodium hydroxide. The solu- 
tion m sulphuric acid is dark brown, becoming 
first rod and then brown on dilution. 

fMerniure. — (tness, Ber. 1878, 11, 627. 

Toluylene Brown G (0.) (By.) ; 

Prepared by the aid ion of tetrazotised tolylene- 
diarnincHuIphonic acid ((^H* • Nil* : SOjH : NHj 
-1:2:4; 6) on 1 mol. of m-plienylenodiamine. 
Solution in water is brown, and in sulphuric 
aeid brownish-red. 

Litfrature.—E P. 17646 of 1892; D. R. P. 
6.385.3; A. P. 616380. 

Toluylene Yellow (0.). Prepared from the 
samo tetrazo-oompound os the ]>roccdin^, and 
2 mols. of 6-nitro-m-phcnylenediamino m hy- 
drochlorio aeid solution. The yollowhh- brown 
aqueous solution gives brown precipitates with 
hydrochloric acid and sodium hydroxide. 
The solution in sulphuric acid is brown. 

LHnnlurr. — K. P. 1331 of 1896 ,* D. R. P. 
86940 ; A. P. 668649. 

Toluylene Orange RR (0.). Prepared from 
the same tetra/o-conipound as before, and 
2 mols. of /f-naphthylamino. The yellowish- 
red aqueous sulution gives a brownish-red 
pri'cipitato with hydrochloric aci«l, and a 
>e!low'ish red precipitate with sodium hydro.xide. 
The solution m hulphurio acid is bluish-groy. 

LiUrature.—E. P. 17646 o! 1892 ; D. R. P. 
70147; A. P. 497032. 

Diamine Gold Yellow (C.) : 

C,H, 0 CioH.(SO,H), N| C,H4 0 C,H, 

Prepared from tetrazotised 1 : 6-naphthyIene- 
dianiino-3 : 7-di8ulphonio acid and phenol (2 
mols.), the product then being ethylated. The 
yellow aqueous soJiition gives a brownish- 
yellow precipitate with hyorochloric acid and 
a yellow precipitate with sodium hydroxide, 
’rh'e solution in sulphuric acid is reddish -violet, 
becoming green and then yellow on dilution. 

Liitraiurt.—E. P. 16346 of 1890 ; D. R. P. 
01174 ; F. P. 182063, 208620 ; A. P. 472121. 
Napb(2iyl«a« Violet (0.) : 

NH,CioH,*N.CioH«(SO,H),*Nt'CioH,NH, 
Prepared from the preceding tetrazo- compound 
and a-naphthylamino (2 mols.). The Bordeaux- 
red aqueous solution gives a blue precipitate 
with hydrochloric acid, and a red precipitate 
with sodium hydroxide. The solution in 
sulphuric acid is olue, and gives a violet pre- 
cipitaie on dilation. The colouring matter is 
usually diazotised and developed on the fibre 
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or treated on the fibre with nitrous acid, the ' LUrrat^re.^K P. 17967 of 1889; D. R. P. 
lai^ colour being known as Diamine Cuteh. \ 52328; F. P. 1G0722. 


which is a fast brown shade. 

Literature.’-E. P. 15846 and 15347 of 1890 ; 
D. R. P. 62075; F. P. 208526, 208570; A. P. 
4645*}6. 

Coomassie Na?y Blue (Lev.) : 

(HSO,),C,oH4(OII)NaCioU5<SOaH)NaCioH.OH 
Prepared by diazotising 1 : 4-naphthylene- 
diamine-2-8urphonic acid (only one ammo- 
group can be diazotised), conibining with 
naphthol'8 ; G-disulphonic acid, diazotising the 
product (the second amino- group can now bo 
diozotised). and couibinmg with jS-naphthol. 
Dark- blue aqueous solution becomes violet with 
sodium hydroxide. Solution in sulphuric acid 
is blue-green, becoming dark blue on dilution. 

Literaiure.—K. J>. 2946 of 1896; D. II. P. 
102160 ; F. P. 256862 ; A. P. 619104, 634009. 
639748. 

Diphenyl Fast Black' (d.) : 

Prepared from tetrozotisod p-diaminoditolyl- 
amine and 1 mol. of 7-amino-a-naphthol-3- 
sulphonic acid (y-acid) and 1 mol. of m-tolylene- 
diamino. The violct-black aqueous solution 
gives with hydrochloric acid a bluish- black | 
precipitate, and with sodium hydroxide a black ; 
precipitate. The solution in suljihunc acid is . 
dark blue, and gives a black precipitate on | 
dilution. , 

LUeralure.-^K. P. 16582 of 1896; F. P. 
258521 ; A. l\ 576904. 

Dlanthlne (C'laus A Co ) ; St. Denis Red (P.) ; 
Rosophenine 4 B (Cl. Co.) ; Rosanol 4 B (K.) ; 
Cotton Red S (B.) : 

/NC7H,N,C,oH,(SO,H)OH 

-llc,H,N,C,.H.{SO,H)OH 
Prepared from tetrazotiscd diaminoazoxytolucno 
and a-naphthol-4 sulphonic acid (2 moN ) 
The red aqueous solution gives red precipitates 
with hydrochloric acid and sodium hydroxide. 
The solution in sulphunc acid is red, and gives 
a red precipitate on dilution 

LtUrature. — E. P. 9316 and 11976 of 1887, 
5730 of 1890, 10891 of 1892 ; D. R. P. 44045, 
44554; F./I*. 184549; ('ompt. rend. 1(K)1, 132,985 
Congo'Orange G (A.) : . 

C.H 4 N,C,H 40 C.H, 


0< 


FyninMol Brown BO (Farbwerk Ammm- 

, foort) ! 

C,H.N,C.H,(OH), 

1j.H.N,C.H,(OH). 

Prepared from tetrazotised benzidine and 
resorcinol ( 2 mols. ). Tiie orange • brown aci ueoue 
solution gives a brown precipitate with hydro- 
chloric acid, and becomes Bordeaux-red with 
sodium hydroxide. The solution in aulpliurio 
acid is nMulish- violet, giving a brown pit'cipitato 
on dilution. Cotton dyed rt'd with this colouring 
matter is converted into a dei'p brown when 
treated with a diazo- compound on the fibre. 

Chrysamlne G (By.) (A ) (Lev.) (H.) rL.) 
(T. M.) (K. S.) (Harking Chemicals t*o.) (Marden, 
Urth, and Hastings ('orporation) ((*alco ('hemical 
Co. ) ; Azfdine Yellow G (C. J ) ; Direct Yellow CG 
(Soh.) : 

C 4 H 4 N 4 C 4 lI,( 0 Il)(’ 04 H 

(*;.H4N,(!,h,(oh)C'o,ii 

Prepared by the action of tetrazotised benzidine 
on snlicylio acid (2 mols ) in alkaline Holiition. 
Used for dyeing cotton goods \cllow directly 
from a soap- bath. Aijikmius solution orange, 
Upcoming rc<l(Jor on addition of sodium hy- 
ilrotidc ; orange flocculent pecinitato, with 
dilute suljihunc acid. Soluble in sitiphiirio acid, 
with a magt'tita-red colour, becoming orange 
and procijiitiiting on dilution. The homologue 
from Mnizodiloiyl in Chryiunlne R (Hy.) (A.) 
(L)(r^v)(T M.)(K. S.). 

LHfrature . — E. P. 9I<12 and 9600 of 1884 ; 
D. R. 1>. 31658 ; A. P. 329638. 

Creiotine Yellow G (M ) (O.) : 

C*H4N.C.ri4(CO,II)OH 


C,H4NaC,Ilt((X),H)OH 

Prcparcil from tctrazotiH(.<id benzidine and 
hyilroxytoiiiic acid (Ofl : Cila • ('U,H «« I : 
2 : 6). Yellow aqueous solution gives a 
brownish -yellow precipitate with hydroidilorio 
acid and becomes ycll«>wish-red with sodium 
hydroxide. Kolution in sulphuric acid is 
reddish-violet, precipitating on dilution. The 
' corresponding colouring matter from tolidine 
18 Cresotine Yellow R (O.) ; Azldlne Yellow R 
(<;. j.). 

/yitrrofure.— E. P. 7997 of 1888; A. P. 

39484 J . ^ 

Bruiluit Oruc* 0 (A.) (Uy.) ; 

C,H.N,C.H,(CO,H)OH 

(!:.if,N,C,H,(SO,H)(OU)NH, . 

Prepared from tetrazotised benzidine and 1 mol. 


C.H.N.CiaHafSOaHl.NH, 

Prepared from tetrazotised benzidine * and 1 
mol. of /3-naphthylammc-3 : 0-disulphonic acid, 
and 1 mol. of phenol, the product being ethylated. 

The orange-yellow aqueous solution gives a 
brown precipitate with hydrochloric acid. The 

brown precipiteto. The corresponding wlounng : . y^lfwish- brown aejueous solution 

SCn.^’toUdin. i. Cnr. W (A.,. * .;Sr 

! reddish- violet. 


disheo^amijis ; nute Bli^ (By.) alio belong! to 
ffWMt dass. 

I Benzidiae or p-dlaminodiphenyl is prepared by 
redudag nlirobeoseiie with zlne-doit and alkali to 
bydraziimnsene and converting this by meant of adds 
Into benzidine. The horoologuee of benzidine arirpre- 
pi^ In a ihnilar manner. 


Aifcrofttre.— D. R. P. 78625. • 

-OiaaC* TA (A.) (By.) (L.) : 
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Prepared from totrazotieed benzidine and 1 mol. 
cacn of naphthionic acid and cresol. Reddish- 
brown aqueous solution gives a violet-blue pre- 
cipitate with hydrochloric acid, and becomes 
rodder with sodium hydroxide. Solution in 
sulphuric acid is blue, giving a blue precipitate 
*on dilution. 

Benzo Orange R (By.) (K. S.) (Marden, Orth, 
and Hastings Corporation) : 

CcH4N,'C.H,(COaH)OH 

<!!,H,-N,C,oH,(SO,H)NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of salicylio acid and naphthionic acid. 
Tiio orange-yellow aqueous solution becomes 
reddish-violet with hydrochloric acid, and civea 
a reddish-yellow precipitate with sodium 
hydroxide. Solution in sulphuric acid is 
violet- blue, giving a greyish- violet precipitate 
on dilution. 

Literature. — E. P. 2213 of 1886 ; D. R. P. 
44797 ; A. P. 447303. 

Bordeaux COV (A.) ; Bordeaux extra (By.) ; 
Bordeaux BL extra (T. M.) ; Azldlne Violet R 
(C. J.) i New Bordeaux L (B.) : 

C«H**N,*CioH5(SO,H)OH 

(!,H.-N,C,.H.(S0,H)0H 
Prepared from tetrazotised benzidine and )3- 
napnthol-8-sulphonic acid (2 mols.). Bordeaux- 
roci solution in water, and violet in sulphuric 
acid. 

Literature.--^. P. 8406 of 1884 ; J). R. P. 
30077. 

Diamine Fast Red F (0.); Dlanol Fast 
Red F (Lev.); Azldlne Fast Red F (C. J.); 
examine Fast Red F (B.) ; Naphthamlne Red 
H (K.) ; Dlanll Fast Red PH (M.) ; Benzo Fast 
Red FC (By.); Columbia Fast Red F (A.); 
Trlazol Fast Red C (0.) ; Diphenyl Fast Red 
(G.); Hessian Fast Red F (L.); Benzamine 
Fast Red F (D.) ; Direct Fast Red F (Sch.) (I.) : 

CeH4-N,-OioH4(SO,H)(OH)-NH, 

<!!,H4N,C„H,(C0,H)0H 
Prepared from tetrazotised benzidine and 1 mol. 
of 7-amino-a'naphthol-3-8ulphonio acid (y-acid) 
combined in acid solution, and 1 mol. of salicyUo 
acid. Red ^uoous solution gives a brown 

n itate with hydrochloric acid. The solution 
phuric acid is reddish-blue, and gives a 
brown precipitate on dilution. 

« Lttcrature.--K P. 10690 of 1889 ; D. R. P. 
57867 ; P. P. 201770. 

Crumpsall Direct Fast Red R (Lev.) : 

C«H 4 N,C,oH 4 (SO*H) 40 H 

Prepared from tetrazotised benzidine and 1 mol. 
each of jS-napKthol-3 ; 6-disulphonio acid (R-salt) 
and salicylic acid. 

Litmaure.—K P. 2213 of 1886 ; D. R. P. 
44797 • A. P. 447303. 

DlamlnejPrown M (C.) ; Chlorazol Brown M 
(H.) ; Ranol Brown MB, cone. (T. M.) ; Azldjbie 
Brown M (C. J.) ; Naphthamlne Brown H (K.) ; 
CruiapsaU Direct Fast Brown B (Lev.) ; Dlanll i 
Brown MH (M.) ; Benzamlhe Brown M (D.) ; ; 
Direct Dark Brown M (L.) ; Direct Brown M 


(1.); Direet Brown 8 RB (Sch.); Oxamlne 
Brown R (B.) : 

C.H4N,CeH,(CO,H)OH 

(!!.H4-N,-C„H4(S0,H)(0H>-NH, 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and 7-amino-a-naphthol-3- 
suiphonic acid (y-acid) ; the latter being 
combined in alkaline solution. The reddish- 
brown aqueous solution gives a brown precipitate 
with hydrochloric acid and a roddish-brown 
precipitate with sodium hydroxide. The solu- 
tion in sulphuric acid is violet, changing tr 
brown on duution. 

Literature.— D. R. P. 67867 ; F. P. 201770. 

Diphenyl Brown BN (6.) : 

C4H4N,-C4H,(C0.H)*0H 

(i,H.N,C„^.(SO,H)(OH)N(CH,), 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and 7-dimethylammo-a- 
naphthol-3-sulphonic acid. [The corresponding 
colouring matter from the monomethylamino- 
compound is Diphenyl Brown RN (0.).] The 
dark-brown solution gives a red precipitate with 
hydrochloric acid. The solution in sulphuric 
acid is bluish-violet, giving a red precipitate 
on dilution. When tolidine is used instead of 
benzidine, Diphenyl Brown 8 GN (G.) is obtained. 

Literature.— E. P. 2771 of 1896; D. R. P. 
103149 ; F. P. 260697 ; A. P. 667413. 

Diamine Brown B (0.) ; Crumpsall Brown M 
(Lev.) : 

CeIl4N4C4H8(CO,H)'OH 

l!,H,N,C,oH,(SO,H)(OH)NHC,H, 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and 7-phenylamino-a- 
naphthol-S-Bulphonio acid. The dark-brown 
aqueous solution gives a Bordeaux -red pre- 
cipitate with hydrochloric acid, and becomes 
redder with sowum hydroxide. The solution 
in sulphuric acid is violet, giving a brown pre- 
cipitate on dilution. 

Oxamlne Maroon (B.) : 

C 4 H 4 -N,C 4 H,(C 04 H) 0 H 

(!!,H,-N,C,,H4(S0,H){0H)NH, 
Prepared by combining tetrazotised benzidine 
with 1 mol. of 6-amino-a-naphthol-3-8ulphonio 
acid in alkaline solifbion, and adding 1 mol. of 
salicylio acid to the product. The ruby-red 
aqueous solution does not change with acids or 
alkalis. The solution in sulphuric acid is dark 
violet, changing to wine-red on dilution. 

Literature.— E. P. 2370 of 1893 ; D. R. P. 
82672 : F. P. 229263 ; A. P. 658344. 

Oxamlne Red (B.). Isomeric with the pre- 
ceding. 6-Ammo-a-naphthol-3-sulphonio acid 
is U8M instead of the 6-ammo- acid. The red 
aqueous solution is not changed by hydrochloric 
acid, but becomes slightly more violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue, changing to wine-red on dilution. 

Literature.— E. P. 2614 of 1893 ; D. 11. P. 
93276 ; F. P. 227892 ; A. P. 656359. 

. Wool Rod G (B.) : 

C4H4N,-C4H,(S0,H)0H 
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Prepared from tetrazotiaed benzidine and I mol. 
each of phenol-o-sulphonio acid and 7-amino-p- 
naphthol-S-sulphonio acid (y-acid), the latter 
being combined in acid solution. The red 
aqueous solution gives a brown precipitate with 
hydrochloric acid, and becomes daric-red with 
sraium hydroxide. Solution in sulphuric acid 
is violet, giving a brown precipitate on dilution. 

L^ieralure. — D. R. P. appl. B. 29649 of 1901 ; 
F. P. 313633. 

Diamine Scarlet B (0.) ; Dlanil Ponceau G 

(M.) 1 : 

C,H 4 N»C.H 40 0,H, 

(!i.H4N,C,.H.(SO,H),NH, 
Tetrazotised benzidine is combined first with 1 
mol. of /3-naphthylamine-O : 8-disulphonio acid, 
then with 1 mol. of phenol and the product is 
ethylated. The red aqueous solution becomes 
brownish-red with hydrochloric acid. The 
solution in sulphuric acid is violet, becoming 
brown on dilution. 

Literature. — E. P. 12660 of 1889 ; D. R. P. 
64084 ; F. P. 200152 ; A. P. 426346. 

Pyramlne Orange 2 R (B.) : 

C.H4N,CioH4(SO,H),NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of i3-naphthylamine-3 : disulphonic acid 
and p-nitro-m-phenylenediamine. The yellow 
aqueous solution is not changed by acids or 
alkalis. The solution in sulphuric acid is blue, 
becoming yellowish-red on dilution. 

Lit€raiure.^E. P. 6827 of 1899 ; D. R. P. 
107731 ; F. P. 280914 ; A. P. 631611. 

Pyramlne Orange 3 G (B.): 

C,H4N,CeH,(NH,),NO, 

Prepared from tetrazotised benzidine and 1 mol. 
each of tn-phenylenediamine-4 : 6-di8ulphonic 
acid and p-nitro-m-phenylenediamine. The 
vellowish-rcd aqueous solution is not changed 
by acids or alkalis. The solution in sulphuric 
acid is yellowish-red, becoming brownish- 
yellow on dilution. 

Literature. — E. P. 18506 of 1898 ; D. R. P. 
106349 ; F. P. 280914 ; A. P. 631610. 


slaty blue, giving a bluish precipitate on dilu* 
tion. 

Literature.— E. P. 4416 of 1884 ; D. R. P. 
28763 ; F. P. 160722 ; Ber. 1886, 19, 1719. 

Diaso Black B (Bv.). Isomeric with tlie 
prctfjeding. Prepared from tetrazotised benzi- 
dine and a-naphthylaminc*6-8ulphonio acid 
(L-acid ; 2 mols.). The violet aqueous solution 
becomes blue with hydrochloric acid, and gives 
a blue precipitate with sodium hydroxide. 
The solution in sulphuric acid is blue, remaining 
blue on dilution. The colouring matter is 
generally diazotised and developed on the 6bre. 

Congo Rubine (A.) (Lev.) (By.) (L.) (B. K.) ; 
Azidine Bordeaux (C. «!.); Congo Rubine A 
(K. S.) ; Congo Rubine B (K.) ; Cotton Rubine 
(B.) : Renol Rubine, extra (T. M.) : Direct 
Crimson B (Sch.) : 

C,H4-N>CioH5(SOsH)NH, 

(!!,H.-N,C!,oH.(SO,H)OH 
Prepared from tetrazotised benzidine and 1 mol. 
each of /3-naphthol-8-8ulphonio acid and naph- 
thionic acid. The cherry-red aqueous solution 
gives a blue precipitate with hydrochloric acid 
and a violot-red one with sodium hydroxide. 
The solution in sulphuric acid is blue, giving a 
blue precipitate on dilution. 

Ltteratare.—D. R. P. 62669. 

Congo Corinth (A.) (By.) (L.) (Lev.) (K. S.) 
(B. K.); Cotton Corinth G (B.) (().); Dianil 
Bordeaux G (M.); Renol Corinth G (T. M.) ; 
Buffalo Garnet R (Sch.) : 

C,H4*N,C,oH5(S08H)OH 

(!j,H.N,C,oH,(SO,H)-NH, 

Prepared from tetrazotised benzidine, a-naph- 
thylamine-4-Bulphonio acid and a-naphthol-4- 
Bulphonio acid. Aqueous solution reel; violet 
precipitate with hydrochloric acid and colouration 
with acetic acid. Solution in sulphuric acid 
blue, giving violet precipitate on dilution. 

Lttaature . — E. F. 15296 of 1886, 2213 of 
1886 ; D. R. P. 39096 ; F. P. 160722, 163172 ; 
A. P. 344971, 368866. 

Brilliant Congo G (A.) (L.) : 

0,H8NaC,oH*(SO,H)8NH, 


Congo Rod (Lev.) (A.) (By.) (L.) (K. S.) 
(B. K.) (Sch.) (Marden, Orth, and Hastings Cor- 
poration) ; Congo Red R (H.) ; Cosmos Red 
(B.) ; Cotton Red cone. (T. M.) ; Cotton Red C 
(I.) (P.) ; Cotton Red B (K.) ; Dianil Red R 
(M.); Cotton Red 4 B (0.) ; Direct Red C (Farb 
work Ammersfoort) : 


C,H8N,C,oH,(SO,H)NH, 

<!!.H4N,C„H,(S0,H)NH, 


Prepared by the action of tetrazotised benzidine 
on naphthionic acid (2 mds.). It can also be 
obtaimMl by oxidising benzeneazonaphthionic 
acid with manganese c'loxide in sulphuric acid 
solution (E. P. 6697 cf 1895 ; D. R. P. 84893 ; 
F. P. ^8210). I'he red aoueous solution 
becomes blue on addition of dilute acids ; 
substance dissolves in sulphuric acid with a 


^ . > Olamlnc Scarlet 3 B :c.) , Dlanil Ponceau 2 R (M.) 
bsloQgs to the same gc- but is bluer. 

VoL, L— T. 


From tetrazotised benzidine, jS-naphthylamine- 
3 : 6-di8ulphonic acid and /9‘naphthylamine-6- 
sulphdnic acid (B runner's). Aqueous solution 
gives a brownish-violet precipitate with hydfb- 
chlorio acid. Solution in sulphuric acid blue, 
giving violet precipitate on dilution. 

Ltterature.--E. P. 6687 of 1887 ; D. R. P. 
41096 ; F. P. 160722. 

Heliotrope 2 B (A.) (By.) (L.) : 

C,H4N8C,oH8(SO,H)OH 

i,H4N,Ci,H4(SO,H),OH 
Prepared from tetrazotised benzidine and 1 mol. 
each of a-naphthol-4 : 8- (or 3 : 8-) disulphonio 
acid and A-naphthol-S-sulphonic illid. Reddish- 
violet aqueous solution gives a bluish-viokt 
precipitate with hydrochloric acid, and be^mes 
rodder with sodium Iwdroxide. Solution in 
snlphurio acid is blue, becoming reddish-violet 
on dilution, and finally giving a vkilet precipitate. 

2 1 
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LitenKin.—'a. V. 1346 ot 1888; D. R P. 
46342. 

Trltnlpkone Violet B (K. 8.) ; Trisnlphone 
Bine R <K. a) ; Triiulpbone Blue B (K. S.) : 

C^4-N,C,.H,{S0,H),0H 

The first-named (for which the formula is given) 
is prepared from tctrazotised benzidine and 
1 mol. each of a-naphthol-:) : 6 : 8-trisulphonic 
acid and )3-naphthol. The second and last 
colouring matters are prepared from tetrazotised 
tolidino and dianisidino resj^ectively instead of 
benzidine. The solutions in water are violet 
to blue, and give bluish-violet to blue precipi- 
tates with hydrochloric acid. With sodium 
hydroxide the aoucous solutions become reddish- 
violet. The solutions in sulphuric acid are 
greenish- blue, giving violet jirccipitatcs on 
dilution. 

• /vifera/wrc.— K. P. 4703 of 1897 ; F. P. 
264279 ; A. P. 684981. 

Chioago Blue 4 R ( A.) ; Benzo Blue 4 R (By.) ; 
DUmlne Blue C 4 R (C:.) : 

C,H*N,-CioH,(OH)SOaH 


C.H4-N.C,oH4(OH)(Nna)SOsH 
Prepared from benzidine, and 1 mol. each of 
1 : 8 aminonaphthol - 4 - sulphonic acid and 
i9-naphthol-8-siilphonio acid. Violet- blue aque- 
ous solution becomes blue with hydrochloric 
acid, and reddish-violet with sodium hydroxide. 
Solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Columbia Blue R (A.) ; Benzo Red Blue R 
(By.); Diamine Blue LR (C.). a-Naphthol- 
8 : 8-disulphonio acid is used instead of 
naphthol-8-Bulphonio acid in the preceding dye. 
The blue aqueous solution gives a blue precipi- 
tate with hydrochloric acid, and is unchanged by 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a violet precipitate on dilution. 

Diamine Violet N (C.) ; Chlorazol Violet B 
( H.) ; Dlanol Violet N (Lev.) ; Azldlne Violet DV 
(0. J.); Naphthamine Violet N (K.); Dianll 
Violet H (M.) : Direct Violet R (Soh.) ; Benzo 
Vast Violet NC (By.) : 

04 H 4 -N,CioH 4 (SO,H)(OH)-NHa 


C.H4N.CjoH4(SO,H)(OH)NH, 

Prepmd by the action of tetrazotised benzidine 
oiV 2 mols. of 7-amino-a-naphthol-3-8ulphonic 
acid (y-acid) in acid solution. The reddish- 
violet aqueous solution ^ives a violet-black 
precipitate with hydrochlono acid. The solution 
in smphurio acid is greenish-blue, giving a 
reddish- violet precipitate on dilution. 

Ltferofiire.— E. P. 16699 of 1889 ; D. R. P. 
66648; P. P. 201770. 

Diamine Black RO (C.) ; Naphthamine Black 
BVE (K.) ; Dlanol Black RO (Lev.) ; Oxamine 
Blaek 2 R (B.) ; Melantherine RO (1.). Isomeric 
with the preceding. The combination is effected 
in alkaline solution whereby the azo- group 
enters the 2- position with respect to the hydroxy- 
group, whereas in the preceding case the azo- 
groufp enters the 8- position (ortho to the 
amino- group). The violet-blaok aqueous solu- 
tion gives a blue precipitate with hydrochloric 
add, and becomes violet with sodium hydroxide. 


The solution in sulphuric acid is blue, giving 
a reddish- blue precipitate on dilution. 

Literature, — As above. 

Naphthamine Blaek RE (K.) : 

C 4 H 4 N 4 CioH 4 (S 04 H)(OH)NH, 

C4H4N4C,oH4(SO,H)(OH)NH, 

Prepared from tetrazotised benzidine and 2 
mols. of 1 : 8-aminonaphthol-6-8ulphonic acid. 

lAierature.’^'E. P. 515 of 18M ; D. R. P. 
appl. K. 11223 ; A. P. 563386. 

Benzo Violet R (By.) : 

C.H4N,CioH,(SO,H)*OH 

i,H4-N,-C„H4(SO,H),-OH 

Prepared from tetrazotised benzidine and 1 mol. 
each of a-naphthol-4-su1phonic acid and a-naph- 
thol-3 : G-disulphonio acid. The reddish- violet 
aqueous solution gives a soluble violet precipi- 
tate with hydrochloric acid, and becomes 
with sodium hydroxide. The solution in 
sulphuric acid is violet, giving a violet precipitate 
on dilution. 

Naphthylamlne Dlazo Black (K.) : 

C.H 4 *N,*CioH 4 (S 04 H)(OH)NH, 

C4H4-N4CioH,(SO,H)4(OH)NH, 

Prepared from tetrazotised and iKmzidine 1 mol. 
each of 8-amino-a-naphthol-3 : 5-disulphonic 
acid (K- acid), and 7-amino-a-naphthol-3-sul- 
phonic acid (y-aoid). 

Literature.— "E. P. 515 of 1894; D. U. P. 
99164 ; A. P. 563386. 

Diamine Brown V (C.) : 

C 4 H 4 NaCioH 4 (S 04 H)(OH)*NH, 

<!!.H.N,0.H.(NH,), 

Prepared from tetrazotised benzidine and 1 mol. 
eacli of 7-amino-a-naphthol-3-8ulphonic acid 
(y-acid) and m-phenylenediamine. Brown-red 
aejueous solution gives a chocolate- brown pre- 
cipitate with hydrochlorio acid, and purplish- 
brown precipitate with sodium hydroxide. 
Solution in sulphuric acid is bluish-violet, 
giving a purplish-brown precipitate on dilution. 

Literature,— R. P. 16699 of 1889 ; D. R. P. 
57857 ; F. P. 201770. 

Dianil Damet B (M.); Benzo Fast Red 

9 BL (By.) : 

C4H4N,CxoH4(SO,H)(OH)NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of y- Mid and /3*naphthylamine-3 : 6-disul- 
phonic acid. Bordeaux-red aqueous solution 
gives a blaokish-blue precipitate with hydro- 
ohlorio acid. Solution m sulphuric acid is blue. 
Literature^— J>, R. P. 190694. 

Zambesi Broem 0, 2 G (A.) : 

04H4N,-C,oH4(NH.),SO,H 

Prepared from tetrazotised benzidine and 1 mol. 
each of y- acid and 2 : 7-Paphth ylf if> ediM.inmA - 
Bulphonio add. Cotton is dyed coilnih brown 
(G) or violet (2 G). 

LitetfOure,—!), B. P, appl. A. 3776. 
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Diamine Blaek BH (C.); DIanol Blue BH 
(Lev.) ; Dlaao Blaek BHN (By,) ; Renolamine 
Blaek BH (T. M.) ; AzlAine Blaek BHN (0. J.) ; 
Ingrain Blaek 2 B (H.) ; Naphthamine Blaek CE 
(K.) ; Dianil Blaek ES (M.) ; Melantherine BH 
(I.); Direet Black HB (L.); DIazIne Black 
BH extra (Sch.) ; Oxamlne Blaek BHN (B.) ; 
Direct Black BD (P.) : 

C.H*N,C|oH.(SO,H)(OH)-NH, 


C«H,N,C,oH,(SO,H),(OH)-NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of 7-amino-a-naphthol-3-8ulphonio acid 
and 8-amino-a-naphthol-3 : 6-disulphonio acid 
(H-acid). The reddish- blue aoueous solution 
becomes violet with hydrochloric acid and 
reddish-violet with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literature,— E. P. 1742 and 6972 of 1891 ; 
D. R. P. 68462 ; F. P. 233032. 

Benzo Cyanine R (By.) ; Diamine Cyanine R 
(C.) ; Congo Cyanine R (A.). Prepared as the 
preceding, except that 1 : 8-aminonaphthol-4- 
sulphonic acid is used instead of y-acid. The 
solution in water or sulphuric acid is blue. 
The corresponding B marks are prepared from 
tolidine, and the 3 B from dianisidine. 

Literature, — D. R. P. appl. P. 6667 ; A. P. 

examine Violet (B.) ; Chlorazol Violet R (H.) ; 
Naphthamine Violet BE (K.) ; Dianll Violet BE 
(M.); Oxydiamlne Violet BF(0.); Benzo Violet 0 
(By.); Direet violet 0 (I.) : 


C,H4N,CioH4(SOaH)(OH)NH, 

C.H4N*CioH4(SOaH)(OH)-NH. 


Prepared from tetrazotised benzidine and 6- 
amino-a-naphthol-3-8ulphonio acid (2 mols.). 
The combination is effected in alkaline solution. 


The reddish-violet ^ueous soiutio^ gives a 
violet precipitate witn acids or alkalis. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literaiure.—E. P. 2614 of 1893 ; D. R. P. 


76469 ; P. P. 227892 ; A. P. 621096. 

Diamine Blue BB (0.) (Ontral Dyestuff and 
Chemical Co.) ; Benzo Blue BB (By.) (Lev.) ; 
Congo Blue 2 BX (A.) ; Direct Blue V (P.) ; 
Azldlne Blue 2 B (C. J.) ; Chlorazol Blue RB 
(H.) ; Naphthamine Blue 2 BX (K.) ; Dianll 
Blue HZO (M.); Benzamlne Blue 2 B (D.); 
Niagara Blue 2 B (Sch.) : 


CeH4N,CioH,(SO,H)4(OH)NH, 

i,H4N,C„H.(SO,H),(OH)NH, 


Prepared by combining tetrazotised benzidine 
in alkaline solution with 8-amino-a-naphthol- 
3 : 6-disulphonio acid (H-acid ; 2 mols.). The 
reddish-blue ^ueous solution is unchanged by 
acids or alkalis. The solution in sulphuric acid 
is blue, becoming violet on dilution. 

LUeraiwe.-^, P. 13443 of 1890, 1742 of 
1891 ; D. B. P. 74693 ; F. P. 210033 ; A. P. 
464136. 


IXphenyl Blue Blaek (OJ : 

Cja4N,C,aH,(S0,H),(0H)-NH/ 


Prepared from tetrazotised benzidine and I mol. 
each of H-aoid and 7-ethylamino-a-naphthpl-8- 
Bulphonio acid. The dark-blue aqueous solution 
gives a violet precipitate with hyaroohlorio acid, 
and becomes aark violet with sodium hydroxide. 
The solution in sulphuric acid is blue, giving a 
dark violet precipitate on dilution. 

Literature,— E, P. 2771 of 1896 ; D. R. P. 
103149 : F. P. 250697 ; A. P. 666164, 667413. 

Naphthamine Blues 2B, 8B, and 6B (K.). 
These are derived from tetrazotised benzidine, 
tolidine, Ac., and 8-amino-o-naphthol-3 : 0-disul- 
phonic acid (K-acid). The blue aqueous solution 
gives a blue precipitate with hyaroohlorio acid, 
and turns rcadish- violet with sodium hydroxide. 
The solution in sulphuric acid is bluish-green. 

Literature, — £. P. 615 of 1894 ; D. R. P. 
99164 ; A. P. 563385, 663386. 

Direct Gray R (I.) : 

04H4N4C,oH4(OH)*(CO,H)SO,H 

(!!,H.-N,0,.H,(OH),(CO,H)-80,H 
Prepared from tetrazotised benzidine and 
1 : 7-dihydroxy - 6 - carboxynaphthaleno-3-8ul- 
phonio acid (2 mols.). like violet aqueous 
solution gives a bluish-grey precipitate with 
hydrochloric acid and becomes dull violet-red 
with sodium hydroxide. The solution in sul- 
phuric acid is blue, giving a bluish-grey precipi- 
tate on dilution. The corresponding colour 
from tolidine is Direct Gray R. 

Literature, — E. P. 14263 of 1892 ; D. R. P 
76258 ; F. P. 220468 ; A. P. 493564. 

Direct Violet R (1). 

04H4N.CioH,(OH)4(C04H)SO»H 

Prepared from tetrazotised benzidine and 1 mol. 
each of the above dihydroxycarbozynaphthalene- 
I sulphonic acid and m-tolylenediamino. The 
! solution in water is violet, and in sulphuric acid 
blue. 

Literature,— k. P. 527070. 

Dianol Red 2 B (Lev.) ; Azldlne Piirpurlne 

10 B (C. J.) ; 

O.H,CIN,*0,oH4(SO,H)*NH, 

<!!,H,C1N,0„H,(S0,H)NH, 

Pr^ai-ed from tetrazotised dichlorobenzidine 
(NH| : C1^4 : 3), and naphthionic acid (2 mols.). 
The red aqueous solution becomes violet with 
hydrochloric acid. The solution in suljfliurio 
acid is blue, changing to violet on dilution. 

Literature,— E, P. 26726 of 1896 ; D. R. P. 
94410 : F. P. 265135 ; A. P. 626174, 640743. 

Dianol Brilliant Red extra (Lev.) ; Toiuyleno 
Red (O.); Chlorantlne Red 8 B (T.); Aeeto- 
porpurine 8 B (A.) ; Diphenyl Red 8 B (Q.) ; 
Azldlne Brilliant Red 8 B (C. J.); Oxamlne 
SearietB(B.); 

0,H,ClN,CioH4(SO*H),NH, 

^rroared from tetrazotised dichlorobenzidine 
ana /3-naphthylamine-3 : 6-disulphonio* acid. 
The bluisn-red aqueous solution BBOomes 
slightly darker* with hydrochloric acid. The 
sohition in sulphuric acid is blue, becoming red 
on dilution. 
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Literaiurf..---K P. 26725 of 1896 ; D. R. P. 
94410, 97101; F. P. 266135; A. P. 625174, 
040743. 

Anthmeene Rad (T.) (By.) 

NO,C.H,NaCeH.(COaH)OH 

i,H4N,C„H,(80,H)0H 
Pr^ared by combining tetrazotised nitro- 
bonzidino first with 1 mm. of salicylic acid and 
then with 1 mol. of a*naphthol-4*8ulphonic acid. 
(The same colour is not produced % inverting 
the order of combination.) The red aqueous 
solution gives a red precipitate with hydrochloric 
acid. The solution in sulphuric acid is carmine- 
red, giving a brownisfi-red precipitate on 
dilution. 

Literalurp.—K P. 13476 of 1892 ; D. R. P. 
72867 ; V. P. 223176 ; A. P. 493683. 

Salieine Red G (K.). Prepared from tetra- 
zotised nitroben/idiiio and 1 mol. each of salicylic 
acid and /3-naphthol, the product being sub 
phonated. 

Literature.— K, P. 9464 of 1896; U. R. P. 
87484. 

Salieine Yellow 0 (K.). Prcparc<l from 
tetrazotised nitrubenzidino and salicylic actd« 
(2 raols.), the product being sulphoiiated. The 
orange aqueous solution is precipitated with 
hydrochlorie acid and becomes reddish-brown 
with sodium hydroxide. The solution in sul- 
phuric acid is orange-yellow, and gives a brown 
precipitate on dilution. 

Literature. — As above, and Chem. Ind. 1896, 
19, 552. 

Sulphone Azurine (By.) (A.) (L.) (Lev.) : 

SO,<J 

XJ.H,(SO,H)N,OioH,NIIC.H5 
Prepared from tetrazotised benzidinosulnhonc- 
disulphonio acid and phenyl- a-naphthylamine 
(2 mols.). The blue aqueous solution gives blue 
precipitates with hydrochloric acid and sodium 
hydroxide. The solution in sulphuric acid is 
violet, giving a blackish-violet precipitate on 
dilution. 

Literature. — E. P. 1074 and 1099 of 1884 ; 
D. R. P. 27954, 33088 ; A. P. 432989 ; Ber. 1889, 
22, 2459. 

Pyramlne Orange R (B.) : 

SO,HC,H,N,C«Hg(NH,),*NO, 

, S0,H (!!,H,N,C,H.(NH,),N0, 

Prepared from tetrazotised benzidinedisulphonic 
acid and 6-nitro-m-phenylenediamine (2 mols.). 
The orange-ied aqueous solution gives a yellow- 
ish-red precipitate with hydrochloric acid or 
sodium hydroxide. The solution in sulphuric 
acid is yellow, giving a yellowish-red precipitate 
on dilution. 

Literature.— P. 8664 of 1894 ; D. R. P. 
80973 ; F. P. 238340 ; A. P. 645333. 

Trypan Red (M.) : 

SO,H-0«]^.N,-C,oU4(SO,H),NH, 

PrepardG from tetrazotised benzidinemono- 
sul^onio acid and /S-naphthylaanine-S : O-disul- 
phonic acid (2 mols.). It is a brown powder, 
soluble in water, and the solution gives a blue 


precipitate with hydrochloric acid. It is used 
in medicine. 

Pyramidol Brown ' T (Farbwerk Ammers- 
foort) ; 

C,H.N.'C.H,(OH), 

(!j,HeN.C.H,(OH), 

Prepared from tetrazotised tolidine and re- 
sorcinol (2 mols.). The reddish-brown aqueous 
solution gives a brown precipitate with hydro- 
chloric acid, and becomes brownish-red with 
sodium hydroxide. The solution in sulphuric 
acid is violet, giving a blackish-brown precipi- 
tate on dilution. When the fibre is treated 
with diazo- solutions a deep brown is obtained. 

Toluylene Orange G (0.) (By.) (A.) (L.) ; 
Azidine Orange 0 (C. J.) ; Dlanll Orange N 
(M.) ; Alkali Orange GT (D.) ; Renol Orange G 
(T. M.) ; Direct Orange G (I .) ; Direct Orange Y 
(Sch.); Oxydlamine Orange G (C.); Pluto 
Orange G (By.) ; Direct Orange G (P.) : 
0,H.N,C,H,(CO,H)'OH 

Prepared from tetrazotised tolidine and 1 mol. 
each of hydroxytoluic acid (OH* : OH : COjH 
= 1:2: 3) and 7/»-tolvlenediaminc8ulphonic acid 
(CH, : NH, : NH, i SOaH=l : 2 : 4 : 6). The 
brownish - yellow aqueous solution gives a 
yellowish-brown precipitate with hydrochloric 
acid, and becomes reddish-orange with sodium 
hydroxide. The solution in sulphuric acid is 
magenta-red, giving a brown precipitate on 
dilution. 

Literature.— K P. 7997 of 1888 ; D. R. P. 
44797, 47235 ; A. P. 386634. 

Toluylene Orange R (0.) (M.) (L.) (K. S.) ; 
Azidine Orange R (0. J.) ; Alkali Orange RT 
(O.) ; Renol Orange R (T. M.) ,* Direct Orange R 
(I.) (Sch.) ; Pyramlne Orange RT (B.) ; Oxydi- 
amlne Orange R (C) ; Pluto Orange R (By.) : 
OvHeNaC,H*(NH,),*SO,H 

<!;,h.n,c,h.(nh,),so,h 

Prepared from tetrazotised tolidine and the 
above m-tolylenodiaminesulphonic acid (2 mols.). 
The .orange aqueous solution gives a bluish-red 
precipitate with hydrochloric acid. The solu- 
tion m sulphuric acid is brown, giving a reddish 
precipitate on dilution. 

LUerature.—E. P. 4492 of 1887 ; D. R. P. 
40905. 

Benzopurpurlne B (By.) (A.) (L.) (Lev.) (H.) 
(T. M.) (0.) (Central Dyestuff and Chemical Co.l : 
Cotton Red B (I.) : 

C7H,N,CxoH,(SO,H)‘NH, 

Prepared by the action of tetrazotised tolidine 
on i3-naphthylamine-6-sulphonio acid (2 mols.) 
in presence of alkali. Aqueous solution, orange- 
rea ; unchanged by sodium hydroxide ; a 
brownish-red precipitate by dUute sulphuric 
acid. Dissolves in sulphuiic acid with a blue 
colour, giving a brown precipitate on dilution. 

LitmUure.—K P. 3803 of 1885 : D. R. P. 
35616 ; P. 329633. 

Benxopuimirlne 4 B (By.) (A.) (Lev.) (T. M.) 
(L.) (0.) (K. S.) (Farbwerk Ammeisfoort) (B. K.) 
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(SoH.) (H.); Cotton Rod 4 B (B.) (K.) (L); 
Cotton Rod BP (P.) ; DiamIno Rod 4 B (C.) ; 
DlinU Rod 4 B (M.) ; Dicoct Rod 4 B (Soh.) : 

C,H,N,C,oH»(SO,H)NH, 

l5,H,-N,C,oH,(SO,H)NH, 

Prepared by the action of tetrazotised toHdine 
on naphthionio acid (2 mole.). About twice 
the theoretical amount of naphthionic acid is 
used, the excess being regained from the filtrate 
after separating the colour. The alternative 
method of preparation by oxidising toluene* 
azonaphthionio acid (cp. Congo R^) is not 
used technically. Homologous with Congo Red, 
and isomeric with the last. Aqueous solution 
orange-red, giving a rod precipitate with excess 
of sodium hydroxide; oluo precipitate with 
hydrochloric acid ; dissolves in sulphuric acid 
with a pure blue colour. 

Ltterature.—E. P. 3803 of 1885. 0097 of 1895 ; 
D. R. P. 35616, 84893; F. P. 107876, 248210; 
A. P. 329632. 

Benzopurpurlne 0 B (Lev.) (By.) (A.) (L.) 
(T. M.) (O.) ; Dianil Red 6 B (M.) ; Cotton Red 
6 B (I.) ; Diamine Red 6 B (C.). Prepared as 
above from tetrazoditolyl and a- naphthyl* 
amine-6-Bulphonio acid. Colouring matter very 
similar in properties to the preceding. The 
same constitution is assigned to Diazo Brilliant 
Black B (By.), which gives blu<^s or blacks 
when diazotiscd and developed on the fibre. 

LiUraiure , — E. P. 3803 of 1885 ; 1). R. P. 
36615. 

Diamine Red B (A.) : 

C,H«-N,C,oH 5 (S 03 H)NHa 

Prepared from tetrazoditolyl and I mol. of 
2-naphthylamine-7-Bulphonic acid and 1 mol. of 
the O'Bulphonic acid. Deltapurpurine 6 B 
(By.) (A.) (Lev.) (L.) (M.) (B. K.) (K.) (K. S.) ; 
Cotton Purple 5 B fB.) ; Cotton Red D (I.) is 
prepared from 2 mols. of the crude /S-naphthyl* 
amme-S-Bulphonic acid. It is therefore a mix- 
ture of Diamine Red B (60 p.o.). Diamine Red 
3 B (25 p.c.), and Benzopurpurine B (25 p.c.). 
Aqueous solution red, giving a brown colouration 
with acetic acid, and a brown precipitate with 
hydrochloric acid. Red precipitate with sodium 
hydroxide. Solution in sulphuric acid blue, 
giving a brown precipitate on dilution. 

Literature.— E. P. 6846 of 1886 ; D. R. P. 
42021; F. P. 180728; Bcr. 1887, 20, 1430, 
2910, 3160, 3353. 

Diamine Red 8 B (A.) ; Deltapurpurine 7 B 

(Lev.). Isomeric with the preceding. Prepared 
from tetrazotised tolidine and /3-naphthyl- 
amine<'7-sulphonic acid. The colouring matter 
is precipitated from its aqueous solution by 
acetic acid, and forms an insoluble calcium 
salt. Red precipitate with sodium hydroxide. 
Solution in sulpnuric acid blue, giving brown 
precipitate on dilution. 

X^eroitfre.— E. P. 4846 and 12908 of 1886 ; 
D. R. P. 41201, 48074 ; F. P. 178979 ; Ber. 
1887, 20, 2910, 3160. 

RoiaKurine 0 (By.) (A.): * 

C4I.N,CioH,(80,H)NHO,H, 


Prepared from tetrazotised tolidine and 1 mol 
each of /3-naphthylamine-7-sulphonio acid an< 
ethyl-i8-naphtJiylamine-7-sulphonio acid. Whei 
2 mols. ox the latter acid are employed thi 
product is known as Rosazurine B. Both dye 
give a cherry-red aqueous solution, which givei 
a reddish-violet precipitate with hydrochlort 
acid. Their solutions in sulphuric Mid an 
blue, giving a violet precipitate on dilution. 

Literature.— E. P. 17083 of 1886; D. R. P 
41761 ; P. P. 180727. 

Brilliant Purpurlne R (A.) (By.) (L.) t 

C,H,-N,CioH4(SO,H),-NH, 

i,H,N,C,.H,(SO,H) NH, 

Prepared from tetrazotised tolidine and 1 mol 
each of /9-naphthylamino-3 : O-disulphonio aoic 
and naphthionio acid. The red aoueous solutioi 
gives a black precipitate with hydrochloric acid 
and a red one with sodium hydroxide. Th( 
solution in sulphuric acid is blue, giving c 
blue- black precipitate on dilution. * 

iMcratnre.—E. i\ 6687 of 1887 ; D. R. P 
41095 ; F. P. 160722. 

Brilliant Purpurine 4 B (A.) (By.) : 

C,H.*N,CioHj(SOaH)NH, 

(!!,II,N,CioH.(SO,H)NH, 

Prepared from tetrazotised tolidine and i mol 
each of /8-naphthylamino-O-sulphonio acid anc 
naphthionio acid. The yellowish-red aqueoui 
solution gives a violet- blue precipitate witl 
hydrochloric acid. The solution in sulphurh 
acid is violet-blue, giving a violot-bluo precipi 
late on dilution. 

Literature.— E. P. 16296 of 1886 ; D. R. P 
39096 ; F. P. 160722. 

Azo Blue (By.) (A.) (Lev.) ; Benzoin Blue I 
(B. K.) : 

07 H.'N,CioH 3 (SO,H)OH 

<!!,H,N,Ci,H,(SO,H)OH 
Prepared by the action of tetrazotised tolidini 
on a-naphtnol-4-Bulphonio acid. Aqueous solu 
tion of colouring matter violet, becoming crimsoi 
on addition of sodium hydroxide ; restored U 
violet by dilute sulphuno acid. Dissolves ii 
sulphuric acid with a pure blue colour,, giving 
violet precipitate on dilution. 

Literature.— E. P. 9610 of 1885 ; D, R. P 
36341 ; F. P. 171133 ; A. P. 366078. 

Congo Corinth B (By.) (A.) (Lev.) (B. K. 
(L.) (K. S.); Cotton Corinth B (O.h JReno 
Corinth B (T. M.) ; Buffalo Violet 4 R (Soh.) 
Dianil Bordeaux B (M.) : 

07 H.N,*CioH.(SO,H)*NH, 

<!!,H,N,CioH,(SO,H)OH 
From tetrazotised tolidine, naphthionio acid 
and a-naphthol-4'8ulphonic acid. Aqueous solu 
tion magenta-red, giving violet precipitate witl 
mineral acids. Blue sohition in sulphuric acid 
violet precipitate on dilution. 

Literature.— E. P. 16296 qf 1886 ; 2213 anc 
6687 of 1886 ; D. R. P. 39m; A. P. 368860. 
Congo Red 4 R (A.) (By.) : 

0,H,jN,0,H,(OH), 
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From tetcftzotifed tolidine, refloroinol, and naph- 
thionio acid. Aqueous solution brownish-cM, 
violet precipitate with mineral acids, brown 
precipitate witii acetic acid. Solution in 
eulphnric acid blue, giving violet precipitate on 
dUution. 

14‘ieraiure. — ^E. P. 15296 of 1885; 2213 of 
1886 ; D. B. P. 39000 ; F. P. 160722 (addition). 

BrilUant Congo R (A.) (By.) (L.) ; Brilliant 
DUnil Red R (M.) ; Azldine Scarlet R (C. J.) : 

0,H,-N,-CioH4(SO,H),-NH, 

A,H,N,C,.H,(S0,H)NH, 

From tetrazotised tolidine, /3-naphthylamine- 
3 : 6-disulphonio acid and /9-naphthylamm0'6- 
sulphonio acid (Brbnner's). Aqueous solution 
brownish-red, giving a similarly coloured pre- 
cipitate with mineral acids. Solution becomes 
bluer with acetic acid. Orange precipitate with 
sodium hydroxide. Blue solution in sulphuric 
acid, giving dark-brown precipitate on dilution. 

IMerature, — E. P. 6687 of 1887 ; D. R. P. 
41095. 

Aio Black Blue B, R (O.) : 

C,H.-N,C.H,(OH)NHCVl5 

A.H,-N,C,.H,(S0,H),(0H)NH, 
Prepared from tetrazotised tolidine and 1 mol. 
each of m-hydroxydiphenylamine and S-amino- 
a-na]^hthol-3 : G-disulphonic acid (H-acid). Solu- 
tion in water is brownish- violet and in sulphuric 
acid blue, giving a bluish- violet precipitate on 
dilution. 

LitercUure, — E. P. 10861 of 1891 ; D. R. P. 
70201; A. ^.402415. 

Alo Mauve B (0.) : 

C,H,*N,C\oHa(SO,H),(OH)'Nn, 

Prepared from tetrazotised tolidine and 1 mol. 
each of 8-aminh-a-naphthol-3 : 0-disulphonic 
acid (H-aoid) and a-naphthylamino. violet 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes rather bluer with 
dilute acetic acid. Solution in sulphuric acid 
is blue, becoming violet on dilution. When 3- 
naphthylamine u used instead of the a-com- 
pounddihe product is Naphthazurlne B (O.), the 
reactions of which are similar to the above. 

LitenUure , — ^As above and A. P. 462415, 

608999. 

Chicago Blue 2 R (A.); Benzo Blue 2 R 

g y.)^ Diamine Blue 0 2 R (C.) ; Azldine Wool 

ue R (a J.) : 

C,HaNtC,oHa(SO*H)OH 

A,H,N,C„H4(S0,H)(0H)NH, 
Prepared from tetrazotised tolidine and 1 mol. 
each of 5-uuphthol-8-8ulphonio acid and 8- 
amino-a-naphthol-6-Bulphonio acid. The violet- 
blue aqueous solution gives a dark-blue precipi- 
tate with hydrochloric acid, and l^omes 
reddish- violet with sodium hydroxide. Solution 
in sulphurio acid if blue, giving a blue precipitate 
on dilation. The corresponding colour from 
dianisidine is Aaidine Wool Bl^ (C. J.). 

Jbaertfhfrv.— £. P. 27609 of 1907 ; D. R. P. 
203635, 209269 ; F. P. 383747 s A. P. 888036. 
Ozamlne Blue 4 R (B.) ; AiMliie Blue 8 RN 


(C. J.); Raphthamlne Blue 8 RE (K.) ; DIanU 
Azurlne 8 R (M.); Bemoaauiliie 8 R (By.) 
(O.): 

C,H,N«C,oH*(SO,H)OH 

A,H,N,C.,H4<S0,H)(0H)NH, 

Prepared from tetrazotised tolidine. and 1 mol. 
each of 6-amino-a-naphthol-3-8ulphonic acid and 
a-naphthol-4-8ulphonic acid. Violet aqueous 
solution is precipitated with hydrochloric acid 
or sodium hydroxide. Solution in sulphuric 
acid is blue, giving a violet precipitate on 
dilution. 

Literature, — E. P. 2014 of 1893 ; D, R. P, 
93276 ; F. P. 227892 ; A. F. 621096, 

Columbia Blue G (A.) ; Benzo Red Blue G 
(By.) ; Diamine Blue LG (C.) : 

CtH,N,CioH4(SO,H),OH 

A,H,N,C,JH4(S0,H)(0H)NH, 


Prepared from tetrazotised tolidine and 1 mol. 
each of a-naphthol'3 : S-disulphonic acid and 
8-amino - a - naphthol - 5 - sulphonic acid. Blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and a recfdish-violet one 
with sodium hydroxide. Solution in sulphurio 
acid is greenish-blue, giving a reddish-violet 
precipitate on dilution. 


(C.): 


Icago Blue R (A.) (By.) ; Diamine Blue 


CR 


0;H4N,CioH4(SO,H)(OH)NH, 

A,H4N,Ci.H.(S0,H)(0H)-NH» 


Prepared from tetrazotised tolidine and 8-amino- 
a-naphthol-6-sulphonio acid (2 mols.). The 
violet- blue solution gives a dark- violet precipi- 
tate with hydroohlorio acid. The solution in 
sulphuric acid is cornflower blue, giving a bluish- 
violet precipitate on dilution, ^e correspond- 
ing colour from dianisidine is Chicago Blue B 
(A.) (By.) ; Diamine Blue CB (C.). 

Lf/ffolwre.—A. P. 606284. 

DUmil BlueB(M.): 


aH,N,C4oH,(SO,H).(OH), 

C,H,-N,CioH,(SO,H),(OH), 

Prepared from tetrazotised tolidine and 2 mols. 
of 1 : 8-dihydroxynaphthalene-3 : 6-disulphonio 
acid (ohromotrope acid). The blue aqueous 
solution is not cnanged with hydroohlorio acid 
or sodium hydroxide. The solution in sulphurio 
add is deep-blue, becoming bluish-violet on 
dilution. 

The corresponding colour from benzidine is 
Dlanll Blue n, ana from dianisidine Dlanll 
Blue G, and when 1 mol. each of chromotrope 
add and a-naphthol-4-sulphonio add are usra 
the product is Dlanll Blue 2 R (M.); Naph- 
thamlne BrilUant Blue 8 R (K.) ; Benzo New 
Blue 8 B (By.). 

Diamine Blue 8 B(C.); Benzo Blue 8 B (By.); 
Congo Blue 3 B (A.) (Lev.) ; Azldine Blue 8 B 
(0. J.); ChlorazolBlueSBfH.); Naphthamine 
Blue 8 BX (K.) ; DlanU Blue H 8 G (M.) ; 
Benzamlne Blue 8 B (D.) ; Niagara Blue 8 B 
1[Sch.);. 

C,H,N,-CiJB[,(SO,H),(OH)NH, 
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Ftepared from tettMotiiied tolidme and 8-amino- 
a-nf^thol-3 : G-diaulphonio acid (H-aoid ; 2 

mola.). When used m medicine it is known as 
l^ypan Blue (M.). The violet aqueous solution 
beromes bluer with hydrochloric acid, and gives 
a precipitate with excess. The solution in 
sulphuno acid is blue, giving a violet precipitate 

on diliifcinn. » 

LiUraiure.--E, P. 13443 of 1800; 1742 of 
1891 ; D. R. P. 74593 ; F. P. 201770, 210033. 

EboU Blue B (L.)* Isomeric with the above, 
8-amino-a-nfiphthol-4 : B-disv^honic acid being 
used insteaa of H-acid. The blue aqueous 
solution gives a blue precipitate with hydro- 
chloric acid, and becomes reddish- violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue. 

Literature.— E. P. 19263 of 1896 ; D. R. P. 
^$ 43 /' 606437, 600438, 

Diainine Blue BX (C.) ; Benzo Blue BX (By.) ; 
Congo Blue BX (A.) (Lev.) ; Azldine Blue BX 
(C. J.) ; Naphihamine Blue BXR (K.) ; Dianll 
Blue HG (M.) ; Eboll New Blue 2 B (L.) ; Benz- 
amlne Blue BX (D.) ; Niagara Blue BX (Sch.) : 

C7H,-N,*C,oH,(SOaH),(OH)-NH, 

i,H,-N»0„H,(SO,H)OH 
Prepared from tetrazotised tolidine and 1 mol. 
each of a-naphthol-d-sulphonio acid and 8- 
ainino-a-naphthol-3 : 6-disulphonic acid (H- 
acid). The bluish-violet aqueous solution gives 
a violet precipitate with hydrochloric acid, and 
becomes oluisn-red with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a violet 
precipitate on dilution. 

LttercUure . — £. P. 1742 of 1891 ; D. B. P. 
74693 ; F. P. 201770 addition. 

Dlreet Blue R (1.). 

0,H,*N,CioH,(CO.H)(OH),SO,H 

l),H,-N,C,oH,<SO,H)OH 
Prepared from tetrazotised tolidine and 1 mol. 
each of 1 ; 7-dihydroxy-G-carboxynaphthalcne- 
3-sulphonio acid and a-naphthol-4-sulphonic 
acid. The violet aqueous solution gives a violet 
precipitation with hydrochloric acid, and 
neoomes violot-red with sodium hydroxide. The 
solution in sulphuric acid is blue. The corre- 
sponding colour from dianisidine is Direct 

BlueBa)- 

LitertUure.—E. P. 14161 and 14263 of 1892 ; 
D. R. P. 67000, 76268 ; F. P. 219876, 220468 ; 
A. P. 493663, 493664. 

Indazurine RM (I.). Isomeric with the 
preceding. A different naphthoic acid, viz. : 

1 : 7-dihydroxy-2 • carboxvnaphthalene • 4 - sul- 
phonio acid is used, the other constituents being 
the same. The violet-blue a<^ueous solution 
becomes bluer with hvdrochlonc acid and red 
with sodium hvdroxiae. The solution in sul- 
phuric acid is blue, giving a violet precipitate 
on dilution. The oorreraonding colour from 
dianisidine is Indaiurlne GM (I.). 

Literaiure.—A. P. 624070. 

IndiKuiiiM TS (I.) : 

OA-N.*CioH,(CO,H)(OH),'fiO,H 

A(SO,HKOH)-NH, • 

Frepikred as the preceding, exo^t that 7-amino- 1 


a-naphthol-3-sulphonio acid is used instead of 
a-naphthol-4-sulphonic acid. The violet-blue 
aqueous solution becomes redder with acids or 
alkalis. The solution in sulphuric acid is blue, 
giving a violet precipitate on dilution. 

Literature . — As aoove^ 

Miffing Seariet 4 R (M.) ; Aeid Anthraeane 
Red 3 B (By.); Florida Red R (L.) : 

HSO,C,H»N,*OioH,OH 

■ HSO,ij^,N,0,oH,OH 
Prepared from tetrazotis^ tolidinodisulphonic 
aoia and iS^phthol (2 mols.). The oarmoisine- 
red aqueous solution gives a violet precipitate 
with hydrochloric acid. The solution in sul- 
phuric acid is violct-red. 

Diamine Yellow N (0.) : 


C,H5OC4HaN,C,H,(0O,H)OH 

(!),H 4 N,C,H 40 C,H, 

Prepared by combining totrazotisod othoxvben- 
zidine first with salicylic acid (1 mol.) and then 
with phenol (1 mol.) and ethylating the product. 
The yellow aqueous solution gives a greemsh 
precipitate with hydrochloric acid and a reddish- 
vellow with sodium hydroxide. The solution 
in sulphuric acid is violet, giving a greenish- 
brown precipitate on dilution. 

Literature.s-E. P. 14464 of 1887 ; D. R. P. 
46134 ; F. P. 186666, 186667 ; A. P. 380067. 
Diamine Biue 8 R (0.) : 


CaHaO'C.H3N.C,oHa(SO,H)OH 


C*H4N,CtoH5(SOaH)OH 


Prepared from tetrazotised ethoxybenzidino and 
a-naphthol-4-8ulphonic acid (2 mols.). The 
reddish -blue aqueous solution is not changed 
with hydrochloric acid, but becomes reddish- 
violet with sodium hydroxide. The solution in 
sulphuric acid is aark-blue, giving a violet 
precipitate on dilution. 

Literature . — As above. 

Diamine Blue B (0.) : 

C,H,OC.H,N,CioH4(SO.H),OH 

1?,H4 N,C,oH,(SO,H)-OII 
Prepared from tetrazotised ethoxyboiizidine and 
1 mol. each of 6-naphthol-3 : 7-di8ulpiionio acid 
and a-naphthol-4-sulphonic acid. ^ The blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and becomes i^dish-blue 
with sodium hydroxide. The solution in^ul- 

S hurio acid is blue, giving a blue precipitate on 
ilution. 

Literature . — As above. 

Diamine Blue Blaek E (C.) : 

C,HaOC,H,N,CioH4(SO,H),OH 

I;,H4N,Ci,H4(so,h)(oh)nh, 

Prepared as the preceding, except that 7'amittC 
a-naphthol'3-sulphoiiio acid is used instead c 
a'naphthol-4'8ulphonio acid. The combinatio 
is enected in alkaline solutioniW The blim^h- 
Uue aqueous solution gives a blue preoteitate 
with hydrochloiio add, and is not changed with 
sodium hydioxi^. The solution in std^buric 
acid is blackish-Dlue, giving a blue precipitate 
on dilution. 
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Af^o^re.— E. P. 18890 of 1889; D. R. P. 
57867 ; F. P. 201770. 

Dlttiirine B (By.) : 

CH,OC,H,N,C,oH,(SO,H)*NH, 

CH,o4eHaN;CioH»(SO,H)NH, 

Prepared from tetrazotieed dianisidine and a- 
napnthylainine-0-(or 7-)sulphoDic acid (Clove’s 
acid) (2 mob.). The brownish -red aqueous 
solution ^vos a blue precipitate with hydro- 
ohlorio amd and a soluble rod one with sodium 
hydroxide. Tho solution in sulphuric acid is 
blue, giving a blue precipitate on dilution. 

Literature . — 1). K. P. 8rf282. 

Benzopurpurlne 10 B (By.) (Lev.) (K.) (L.) 
(A.) (O.) (K. 8.) (T. M.) : Dianil Red 10 B (M.) ; 
Cotton Red 10 B (1.) (P.) ; Diamine Red 10 B 
(C.); Buffalo Cardinal 7 B (Sch.). Isomeric 
with the preceding. Prepared from totrazotised 
dianisidine and 2 mob. of naphthionic acid. 
Tbo* carmine- red aqueous solution give.s a blue 
precipitate with hydrochloric acid and a rod 
one with sodium hydroxide. The solution m 
sulphuric acid is blue, giving a blno jirecipitato 
on dilution. 

Literature. — E. P. 14424 of 1885 ; D. 11. P. 
38802; F. P. 173042; A. P. 481954. 

Azo- Violet (By.) (A.) (L.) (Lev.) : 

CH,OC,H,-N,C,oH5(SOaH)NH, 

CH, (!» 0,H, N, Ci„H,(SO,H) oh 

Tetrazotisod dianisidine (1 mol.) is combined 
with 1 mol. of naphthionic acid, and then with 
1 mol. of a-naphthol-4-sulphonic acid. Aqueous 
solution rcddish-violot, giving blue precipitate 
with mineral acids and bluish-violet colouration 
With acetic acid. Solution turned magenta 
by sodium hydroxide. Dissolves with a blue 
colour in sulphuric acid, giving a blue precipitate 
on dilution. 

Literature.— P. 14424 of 1885 ; 7283 of 
1888 ; D. R. P, 40247 ; F. P. 173042 ; A. P. 
447302. 

Benzoazurlne 0 (By.) (A.) (L.) (Lev.) (K.) 
(O.) (K. S.) : Dlanll Azuiine G (M.) ; Renol 
Blue B (T. M.) ; Cotton Blue 8 G (T.) ; Benzoin 
Blue GN. 2GN, 5GN (B. K.) ; Direct Blue G 
extra (Sch.) ; Oxamlne Biue A (B.) ; Azidine 
Blue BA (C. J.); 


CH,OC.H,-NaCioHa(SO,H)OH 

CH,OC.H3NaC,oHa(SO,H)OH 


Prepared by the action of tetrazotisod dianbi- 
dine on a-naphthol-4-sulphonio acid. Aqueous 
solution bluisn-violet, becoming red on addition 
of sodium hydroxide; dark- violet precipitate 
with dilute hydrochloric acid. Dissolves in 
siilphurio acid with a blue colour, giving violet 
precipitate on dilution. Benzoazurine R (By.) 
(A.) (L.) (O.) b a mixture of benzoazurine G 
and azo blue. 


Literature. — E. P. 14424 of 1886 ; D. R. P, 
38802 ; F. P. 173042 ; A. P. 357273. 481964. 

BenzoazuriiK) 8 G (By.) (A.) (L.) (Lev.) (K.). 
Isomeric with the above. a-Naphthol-6-8un 
phonia acid (Laurent’s acid) b used instead of 
the 4-8iil|>honio add. Aqueouy solution bluish* 
violet, giving bluish-violet precipitate with 
hydrochloric acid and becoming videt-red with 


sodium hydroxide. Solution in sulphuric aeid 
b blue, giving violet precipitate on (mution. 

Literature. — ^As above. 

Congo Blue 2 B (By.) : 

CH,OCeH,N,Ci,H4(SO,H),OH 

CH,OC,H,N,'CioH,(SO,H)OH 
Pr^ared from tetrazotisod dianbidine and 1 
mol. each of i3-naphthol-3 : 6-dbulphonic acid 
and a-naphthol-4-Bulphonic acid. Blue aqueous 
solution gives a dark- blue precipitate with 
hydrochloric acid, and becomes magenta-n^ 
with sodium hydroxide. Solution in sulphuric 
acid b blue, giving a blue precipitate on dilution. 

Literature. — E. P. 7283 of 1888; D. R. P. 
40247 ; F. P. 173042 (addition) ; A. P. 467162. 

Clilorazol Blue R and 8 G (H.) : 

CH,OC,H,N,C,oH4C1(SO.H)OH 

CH,ol',H,N,C„H.Cl(*SO,H)OH 
Prepareil from tetrazotisod dianisidine and 
2 mob. of chloro-a-naphthol-6- and '4-8ulphonic 
acids respectively. The violet aqueous solu- 
tion undergoes little change with nydrochloric 
acid, but turns crimson with sodium hydroxide. 
The solution in sulphuric acid is greenish -blue 
(R) or green (3 G). 

Literature. — E. P. 12086 of 1898. 

Diamine Brilliant Blue G (0.) : 

CH,OC.H,-N,C,oH,Cl(SOaH),OH 

OH.O •(!!,H,-N,-0„H,CI(SO,H),OH 
Prepared from totrazotised dianisidine and 2 
mob. of 8-cliloro-a-naphthoL3 : O-disulphonic 
acid. Bluish-violot aqueous solution gives a 
soluble violet precipitate with hydrochloric acid, 
and becomes cherry-red with sodium hydroxide. 
Solution in sulphuric acid b greenish- blue, 
turning violet on dilution. 

Literature. — E. P. 192^ of 1894 ; D. R. P. 
79056, 82286 ; F. P. 236271 ; A. P'. 632126, 
636037. 

Oxamlne Blue B (B.) : 

CH,0'C.HaNaC,oHa(SO,H)OH 

CH,0(!!,H,-N,C,oH,(SO,H)(OH)NH, 
Prepared from tetrazotbed dianisidine and 1 mol. 
each of 6-amino-a-naphthol-3'SuIphonic acid 
and a-naphthol-4-sulphonic acid. Dark-blue 
aqueous solution turns reddbh-violet with 
sodium hydroxide, and pale violet with hydro- 
chloric acid. The^ solution in sulphuiio acid b 
bluish-green, becoming violet on dilution. 

Literature. — ^£. P. 2370 of 1893 ; D. R. P. 
82572 ; F. P. 229263 ; A. P. 658344. 

Chicago Blue 6 B (A.) ; Brilliant Benzo Blue 
6 B (By.) ; Diamine Sky Blue FF (C.) ; Azidine 
Sky Blue FF (G. J.) ; Chlorazol Sky Blue FF (H.) ; 
Dlanol Brilliant Blue 6 B (Lev.); Oxamlne 
Sky Blue 6 B (B.) ; Dlanll Sky Blue PH (M.) : 

CH,OC,H,N,CioH,(SO,H),(OH)NH, 

CH,0(l!,H,N,-Ci^,(SO,H),(OH)NH, 
Prepared from tetrazotbed dianbidine and 2 
mob. of 8-amino-a-naphthol-6 : 7-dbulphomo 
acid (l^add). The oomoinaiion b effected m 
alkaline solution. Blue aqueous solution b not 
changed with hydroohlorio acid, but becomes 
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biuiah-violet with sodiam hydit>xide. Solution 
in sulphuric acid is bluish-green, becoming pure 
blue on dilution. 

Diamine Sky Blue (C.) ; Benzo Sky Blue (By.) ; 
Congo Sky Blue (A.) ; Dlanol Sky Blue (Lev.) ; 
Renol Pure Blue (T. M.); Azldlne Sky Blue 
(C. J.) ; Chlorazol Blue 6 G (H.) ; Naphthamlne 
Blue7B(K.): DlanllBlueH 6G (M.) ; Oxamlne 
Sky Blue 5 B (B.) ; Benzamlne Sky Blue (D.) ; 
Benzoin Sky Blue (B. K.) ; Direct Blue RBA (L.) ; 
Niagara Blue 4 B (Sch.). Isomeric with the 
preceding. Two mols. of 8-amino-a-naphthol- 
3 : O-disuiphonic acid (ll-acid) are used as com- 
ponents. Blue aqueous solution is not changed 
with hydrochloric acid, but becomes redder 
with rodium hydroxide. Solution in sulphuric 
acid is bluish-green, becoming pure blue on 
dilution. 

Literature.-— E. P. 1742 of 1891 ; D. R. P. 
74693 ; P. P. 201770; A. P. 464136. 

Chicago Blue RW (A.); Benzo Blue RW 
(By.); Diamine Blue RW (C.); Dlanol Blue 

RW (Lev.) : 

CH,OC,H3N,CioHa(SOaK)a(OH)NH, 

I 

CHaO-CaHa-NjCioHaOlI 

Prepared from tetrazotised dianisidine and 1 
mol. each of 8-amino-a-naphthol-5 : 7-diBul- 
phonio acid and /3-naphthol. Blue aqueous solu- 
tion gives a blue prc(‘ipitato with liydiochlonc 
acid, and becomes violet with sodium hydroxide. 
Solution in sulphuric acid is green, giving a 
violet precipitate on dilution. 

Chicago Blue 4 B (A.) ; Benzo Sky Blue 4 B 
(By.) ; Diamine Sky Blue C 4 B (C ). Instead 
of /9-naphthol in the preceding colouring matter, 
8-amino-a-naphthol-6-8ulphonic acid is used. 
Blue aqueous solution gives a bluish-violet 
precipitate with hydrocnlorio acid, and is 
unchanged with sodium hydroxide. Solution 
in sulphuric acid is bluish-green, giving a blue 
precipitate on dilution. 

Indazurlne B (I.) : 

CH, O OeH, N, CxoH4(SO,H)3 0H 

CH,oi,H,NjC„H«(SO,H)(OH), 

Prepared from tetrazotised dianisidine and 1 mol. 
each of 1 : 7-dihydroxynaphthaIenc-4-8ulphonic 
acid and j3-naphthol-3 : 6-msulphonic acid. Blue 
aqueous solution turns bluer with hydrochloric 
acid and rod with sodium hydroxide. Solution 
in sulphuric acid is blue, giving a reddish-blue 
precipitate on dilution. When m-tolylenedi- 
amine is used instead of R-salt the colour pro- 
duced is called Direct Violet BB (I.). The 
violet aqueous solution shows the same reactions 
as the above, as does also the solution in sul- 
phuric acid. 

Literature.— B. R. P. 624069 ; A. P. 624069. 

Brilliant Azurine 5 G (By.) (A.) (L.) : 

CH,*0C.H,N.C,3H4(S0,H)(0H), 

CH,OC4H,-N,C,oH 4(SO,H)(OH), 
Prepared bv combining tetrazotised dianisidine 
with 2 mols. of 1 : 8-dihydroxynaphthalene-4- 
sulphonio acid in acetic acid solution. Aqueous 
solution is bluish- violet ; with hychochlozio acid 

g ives a blue precipitate, and: with sodium 
ydroxide becomes red. Solution in sulphuric 


acid is greenish-blae, g[iving a dark reddish- 
blue prempitate on dilution. 

Literature.— E. P. 14424 of 1886 ; 13665 of 
1889 ; D. R. P. 67166 ; F. P. 173042 ; A. P. 
417294. 

Indazurlne BB (I.) : 

CH,OCeH,N,C|oH,(CO.H)(SO,H)(OH)* 

CH,OC 4 H,N,CioH 4 (SO,H) 30 H 
Prepared from tetrazotised dianisidine and 1 mol. 
each of 1 : 7-dihydroxy-2-oarboxynaphthalene- 
4-sulphonic acid and /3-naphthol-3 : 6-disulphonlo 
acid (R-salt). Blue aqueous solution becomes 
slightly bluer with hydrochloric acid, and redder 
with sodium hydroxide. Solution in sulphuric 
acid is greenish-blue, giving a blue precipitate 
on dilution. 

Literature. — A. P, 624070. 

Indazurlne 5 GM (I.) : 

OH,OC.H,Na-C,oH,(CO,H)(SO,H)(OH), 

CH30C4H3NaC,oH3(S03H)a(OH)NHa 
Prepared as the preceding, except that 8-amino- 
a-naphthol-3 : 6-disulphonio acid (H-acid) is 
used instead of R-salt. The pure blue aqueous 
solution is not changed with liydrochlorio acid, 
but becomes redder with sodium hydroxide. 
The solution in sulphuric acid is bluish -green » 
becoming bluish-viofet on dilution. 

Literature. — As above. 

Hessian Yellow (L.) : 

CH04H,(S0,ll)N.0.Ha((503H)0H 

!!H-C,H,(SO,H)N,-0,1I,(00,H)OH 
Prepared from tetrazotised diaminostilbonodi- 
sulphonio acid ^ and salicylic acid. Aqueous 
solution ochroous, giving olackish precipitate 
with mineral acids. Solution reddened by 
sodium hydroxide. Reddish -violet solution in 
sulphuric acid, giving blackish precipitate on 
dilution. 

Literaiure.—E. P. 4387 of 1886; D. R. P. 
38736 ; A. P. 360299, 360230. 

Hessian Purple N (L.) (By.). 

CHC,H 3 (S 03 H)N 30 ,oHeNH 3 

(^HC,H,(S 03 lI)N 3 C,oH.NH 3 
From tetrazotised diaminostilbenedisulphonlc 
acid and jB-naphthylamine. Aqueous solution 
red, giving bluish-bbek precipitate with mineral 
acids, and violet- black precipitate with acetic 
acid. Rod colouration or precipitate with sodAm 
hydroxide. Blue solution in sulphuric acid, 
giving bluish-block precipitate on dilution. 

RcTercnccH as in prcce<ling. 

BriUUnt YeUow (L.) (A.) (By.) : 
CHC,H.(S 03 H)N 3 C.H 40 H 

! 1 ;hc,h,(so,H)n,c,H 40 h 

From the same tetrazo-disulphonic acid and 

1 Diaminostilbenedisulphonlc acid 


CU = CH 



Is prepared by bolAng p-nllrotoluene-o-sulphonlo add 
with sodium hydroxide and reducing the product with 
zino-doit. 
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phenol. Aqueous solution orange, giving violet 
precipitate with mineral acids. Dissolves with 
a reddish'Violet in sulphuric acid, giving a 
violet precipitate on dilution. 

References as in preceding. 

Chrysophenlne G (K. S.) (L.) (A.) (By.); 
Cbryiobarine 0 extra cone. (T. M.) ; Pbenine 
YeUow(P.); Azidine YeUow CP (C. J.) ; Direct 
Yellow CRO (L.) ; Aurophenlne 0 (M.) ; Pyra- 
mlne Yellow G (B.) ; Triazol Yellow G (0.) : 


CH-C,H 8 (S 0 ,H)NaC|H 40 CjH. 

CH'C.H8(S08H)N.C.H40C8H8 ‘ 

Prepared by ethylating the preceding colouring 
matter. Aqueous solution orange, giving brown 
precipitate with mineral acids. Dissolves with 
a recfdish-violot colour in sulphuric acid, giving 
blue precipitate on dilution. 

Z/iiera^Mre.— E. P. 3094 of 1887 ; D. R. P. 
42406; P. P. 182003; Ber. 1894, 27, 3367; 
1903, 36, 2076. 

* Hessian Brilliant Purple (L.) 

CH-C,H3(SO,H)*N8-OioH5(S08H)-NU, 


CHC.H8(SOaU)*N8C,oH5(SOaH)NH8 
Prepared from tctrazotised diaininustilbenodi* 
sulphonio acid, and 2 iiiols. of ;8*naphthylamine- 
0-Bulphonio acid. Purple-red aqueous solution 
gives bluish- black precipitate with hydrochloric 
acid and carmine-rod precipitate with sodium 
hydroxide. Solution in smphurio acid blue, 
giving a bluish- black precipitate on dilution. 

References as for Hessian Yellow. 


Stiibene Colouring Matters. 

The colouring matters which have hitherto 
been clossiUed under this head arc produced by 
alkaline condensation and oxidation of p-nitro- 
toluenesulphonic acid under various conditions. 
They have generally been considered to bo 
nitroso- or azoxy- stiibene derivatives, but the 
recent researches oOt A. G. Green and his colla- 
borators have shown that all the colouring 
matters of this group must be regarded as azo- 
dyes (Chem. Soc. Trans. 1904, 86, 1424, 1432 ; 
1906,89,1002; 1907,91,2076; 1908,93, 1721; 
J. Soc. Dyers, 1907, 23, 162). The first action 
of alkali hydroxide on p-nitrotoluenesulphonic 
acid leads to the formation of a dinitrosostubenc- 
disulphonic acid, one molecule of which is oxi- 
dised at the expense of a second molecule, and 
the remaining two nitrogen atoms of two mole- 
cules combine to form an azo- group in a 
diSlilbene molecule : 


CHC4H,(S0,H)N0 


bHC4H3(SO,H)NO 
CHC.H.(SO,H)N^tzzz_NC.H,(SO,H)CH 
" II 


N0,C.H8(S0,H)CH 


CH C,H,(S08H) NO, 

The equation represents the formation of the 
greenest yellow of the series (stiibene yellow 
8Q ! see bwow). The redder yellows and oranges 
may Im regarded as formecl therefrom by the 
reduction of tie two nitro- groups, first to an 
azoxy- and finally to an azo- group. « 

Sw YeUow m (K. S.) ; Afghan YeUow (H.) ; 
Curaifinlno 8 (L.) (A.); Dinet YeUow J (P.); 
MfUne Fhst YeUow G (C. J.) ; Direet YeUow RT 
(Cl. Co.); DlioilTottowF(Soh.); Dlroet Yellow 


G (I.); Direet YeUow R (P.) (0.); Dtamino 
FMt YeUow A (C.). Prepared by heating p- 
nitrotoluenesulphonic acid with aqueous sodium 
hydroxide. Direct yellow RT, which was 
analysed by Green (he.), is considered to have 
the constitution. 


CHC.H,(SO,H)N=NC4H,(SO,H)CH 


CHC4H,(S0,H)N— NC,H,(SO,H)CH 

X/ 


O 


(the colouring matter being, of course, the 
sodium salt). 

Aqueous solution is brownish-yellow. Solu- 
tion in Bulphuris acid is violet, becoming*yellow 
on dilution. ® 

Xtierofure.— E. P. 4387 of 1886 ; D. R. P. 
38736; P. P. 176630; A. P. 360663; BuU. 
Mulhouse, 1887, 99 ; Ber. 1886, 19, 3234. 

Naphthamlne Yellow G (K.) ; Direct YeUow 
R (By.) ; Renol Yellow R (T. M.). Prepared as 
above, but the temperature of the reaction 
is 60°-86°. Reddish -yellow aqueous solution 
gives brown precipitate with excess of hydro- 
cldoric acid and a yellow precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is cherry-rod, becoming yellow on dilution. 

LUerature.—K P. 23672 of 1892 ; D. R. P. 
79241 ; F. P. 226636 ; Ber. 1893, 26, 2233 ; 
1895, 28, 2281. 

Mikado YeUow (A.) ; Mikado YeUow G (L.) ; 
Mikado Gold YeUow 2 G, 4 G, 6 G, 8 G (L.) ; 
Naphthamlne YeUow 2 G, 8 G (K.); Renol 
YeUow 2 G (T. M.) ; DlanU Direct YeUow S 
(M.) ; Formal YeUow (G.) ; Stiibene YeUow 8 G 
(B.) ; Paper YeUow (M.). Prepared by treating 
the products of condensation of p-nitrotoluene- 
sulphonic acid and sodium hydroxide with 
oxidising agents. Yellow aqueous solution 
gives a brownish-yellow precipitate with hydro- 
chloric acid, and yellow solution or precipitate 
with sodium hydroxide. Solution in sulphuric 
acid is orange to red, becoming yellow on 
dilution. 

TMer(Uure.—E. P. 23672 of 1892 ; D. R. P. 
42466; F. P. 226636; Ber. 1893, 26, 2234; 
1897, 30, 2618, 3097 ; 1898, 31, 364, 1078. 

Stiibene YeUow G, 4 G, 6 G, 8 G (Cl. Co.). 
The constitution of the last brand has already 
boon given. The colouring matters are alkaline 
condensation products of dinitrodibenzyldisul- 

S honio acid, and dinitrostilbenedisiilphonio acid. 

olution in sulphuric acid is orange to yellowish- 
red, becoming yellow on dilution. 

Ziferofarc.— E. P. 6361, 21663, 21399, of 
1897 ; 3393 of 1898 ; D. R. P. 96107. 113613, 
113614 ; F. P. 272384, 273018, 273037 ; Ber. 
1897, 30, 3097 ; 1898, 31, 1087. 

Diphenyleltronine G (G.). Prepared by con- 
densing dinitrodibenzyldisulphonio acid with 
aniline in presence of sodium hy(hroxide or by 
condensing similarly dinitrostUbenedisulphomo 
acid. Yellow aqueous solution gives a brownish- 
yeUow precipitate with hydro^orio acid, and 
an orange-yeUow one with sodium hydroxide. 
Solution in sulphuric acid is orange, giving a 
brownish-yeUow precipitate on dila&n. 

Liter(Uwre,-~‘E. P. 1899Q, 21390, 21663 of 
1897 iD. B. P. 101760, 113614; P. P. 269466, 
273018 ; A. P. 613811. 

INphtityl nut YtUow (6.). PMfmnd by 
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oondeniiiiff dmitrodibeozyldtaulphonio aoid or 
dimtroBtUBenediBulphonio aoid with piimuline 
or dehydrothio-p-toluidinesulphoiiio acid in 
presence of sodium hydroxide. Yellow aqueous 
solution gives a broumish-orange yellow precipi> 
tate with hydrochlorio acid, and an orange- 
yellow one with sodium hydroxide. Solution 
m sulphuric acid is red, giving a brownish- 
yellow precipitate on dilution. 

Ltiero/ure.— £. P. 18990, 21399. 21553 of 
1897; D. R. P. 100613, 113514; F. P. 269466, 
273018. 

Mikado Brown B, 8 GO, M (L.). Prepared 
by the action of alkalis on ^-nitrotoluenesul- 
phonic acid in presence of oxidisable substances. 
Brown aqueous solution gives a brown pre- 
cipitate with hydrochloric acid. Solution in 
sulphuric acid is violet- black, giving a brown 
precipitate on dilution. 

Litero/ars.— E. P. 2664 of 1888 ; D. R. P. 
46252, 48528; F. P. 189697; A. P. 395115, 
396527. 

Mikado Orange G to 5 R (L.) ; Naphthamlne 
Orange 2 R (K.) ; Direct Orange G ((1.) ; Chlor- 
amine Orange G (By .) ; Stilbene Orange 4 R 
(Cl. Co.) ; stilbene YeUow 8 G (B.). Prepared 
by the same reaction as the preceding, and 
by the action of alkaline reducing agents on 
direct yellow. Orange-yellow aqueous solution 
gives a dark- brown precipitate with hy<lro- 
chloric acid, and an orange one with sodium 
hydroxide. Solution in sulphuric acid is violet 
to blue, giving a brown precipitate on dilu- 
tion. 

Mikado Orange 3 RO (L.) has the constitu- 
tion 


CH C,H,(S 03 U) N : N CeH3(SO,H) CH 
II II 

CH C,H,(SOaH) N : N CeHa(SO.H) CH 


Brands 4 RO and 5 RO are redder shades. 

Literature,— E. P. 2664 of 1888 ; D. R. P. 
46252, 48628, 96929; F. P. 189697; A. P. 
395115, 396527 ; Bor. 1893, 26, 2233 ; 1895, 28, 
2281. 

Polychromine B (Q.) ; Fast Cotton Brown R 
(C.); Direct Brown R (G.). Prepared by 
boiling equal molecules of p-nitrotoluenesul- 
phonic acid and p^henylenediamine with 
sodium hydroxide. Orange • brown aqueous 
solution gives a blue-black precipitate with 
hydrochloric acid. Solution in sulphuric acid 
is reddish-violet, giving a bluish-black precipi- 
tate on dilution. 

Literature,— E. P. 16671 of 1890 ; D. R. P. 
59290 ; F. P. 208626 ; A. P. 456952. 

Diphenyl Orange RR (G.) ; Azidine Orange D 
2 R (C. J.). Prepared by condensing 2 mole, of 
p-nitrotoluenesulphonic acid udth 2 mols. of 
p-phenylenediamme in presence of concentrated 
aqueous sodium hydroxide. Orange - yellow 
aqueous solution gives a bluish-black precipitate 
with hydrochloric acid, and an orange one with 
sodium hydroxide. Solution in sulphuric acid 
is red, giving a bluish-black precipitate on 
^lilution. 

LUeratiure. — ^E. P. 6651 of 1899 ; D. R. P. 
appl. G. 13069 ; F. P. 286620 ; A. P. 636065. 

ChlMCO OlBiige G (G.). Prepared by con- 
densing p-nitrotoluenesulphonio acid with benzi- 
dine in presence of sodium hydroxide. Oras^e- 
ydlow aqueous solution gives a brown precipi- 


tate with hydrochloric aoid, and an orange- brown 
one with sodium hydroxide. Solution in sul- 
phuric aoid is violet, giving a brown precipitate 
on dilution. 

Literature,— E, P. 788 of 1893; D. R. P. 
75326 ; F. P. 227271. 

Arnica Yellow (Q. ). Pre|>arod by condensing 
p-nitrotoluenesulphouio aoid witn p-amino- 
phenol in presence of boiling aqueous sodium 
hydroxide. Brownish-yellow aqueous solution 
gives a brownish- black precipitate with hydro- 
chloric acid. * Solution in sulphuric asni is 
violet, giving a dark-brown precipitate on 
dilution. 

Literature. — E, P. 222554. 

Diphenyl Chrysolhe G (G.). Prepared by 
ethylating the preceding. The constitution is 
probably 

CH C,H,(SO,Na) N : N C,H 4 0 C,H, 

<!!H-C,H.(SO.Ka)N : NC.H.O-C.H, 

(loldeii-yollow aqueous solution gives a blackish 
brown precipitate with hydrochloric acid, and at 
oiange one with sodium hydroxide. Solution 
m HiilphuriG acid is vtolot-rod, giving a blackish- 
brown procipitato on dilution. 

LUrrature.—E. P. 6661 of 1869; D. R. P. 
appl. G. 7625, 13069; F. P. 286620; A. P. 
636065. 

Diphenyl Chrysoine RR (G.). Prepared by 
diazotising diphenyl orange RR (G.). combining 
the diazo- compound with phenol and ethylating 
the product. Koddish-orange aqueous solution 
gives a blackish-brown precipitate with hydro- 
chloric acid, and a reddish- brown one with 
sodium hydroxide. Solution in sulphuric acid 
b puro blue, giving a brownish-black precipi- 
tate on dilution. 

Literature.— E. P. 6661 of 1899 ; D. R. P. 
117729; F. P. 286620; A. P. 644462. 

Diphenyl Fast Brown G (G.). Prepared as 
the preceding, but the diazo- compound is com- 
bined with 7-pheny]ainino-a-naphthol-3-Bul- 
phonic acid. The dark yellowish-brown aque- 
ous solution gives a blackish- brown precipitate 
with hydrochloric acid, and a dark- brown one 
with s^ium hydroxide. Solution in sulphuric 
acid is dark blue, giving a blackish-orown 
precipitate on dilution. 

References as above. 

Diphenyl Cateehlne G (G.). Prepared as 
above, but the diazo- compound is combined 
with 7 - dinicthylamino - a • naphthol-3-8ulphonio 
acid. Yellowish-brown aqueous solution givee* 
a dark-brown precipitate with hydrochlorio aoid, 
and a brown one with sodium hydroxide. 
Solution in sulphuric acid is blackish violet-blue, 
giving a blackish -brown precipitate on dilution. 

References as above. 

Cureuphenine (Cl. Co.). Prepared by con- 
densing p-nitrotoluenesulphonic acid with de- 
hydrotnio-p-toluidinesulphonio acid in presence 
of very dilute aqueous sodium hydrozide. 
Yellow aqueous solution gives a brown precipi- 
tate with hydrochlorio acid. The solution in 
sulphuric amd is red, giving a brq|ynish-yellow 
precipitate on dilution. 

lAteraJlure.—E. P. 12922 of 1896 ; D. R. P. 
99676 ; F. P. 264766. • 

0hloropbenlneOrAnge( various marks) (d. Co.) 
are reduction products of the preceding. 
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IV. TbisjlZO- CoLOUBiNo Mattbbs. 

These colours, as their name implies, contain 
three azo-groups. 

Janus Brown B (M.) : 

K(CH8),CIC,H4*N,*CioH,NaCeHa(NH,)a*N,C,H, 

Prepared by combining diazotised m-amino- 
phenyltrimethylammonium chloride with a- 
naphthylamine, diazotising the product and 
combining with chrysoidine. Aqueous solution 
is brown, giving a soluble brown precipitate with 
hydrochloric acid or sodium hydroxide. Solu- 
tion in sulphuric acid is dark green, becoming 
brown on dilution. 

merature.—K P. 9343 of 1896 ; D. R. P. 
95630. 

Janus Brown R (M.) is prepared from diazo- 
tised p-aminobenzyldiethylamine and a-naph- 
thylamine, the product being diazotised and 
combined with chrysoidine, resorcinol, or m- 
phenylenediamine. Reactions are similar to 
. those given by the preceding colour. 

Literature. — E. P. 19970 of 1890; D. R. P. 
99127; F. P. 266160; A. P. 610346; ace also 
I>. R. P. 93499, 100420 ; K P. 204579 ; A. P. 
602038, 602639, 602640, 623097, 626913. 

Melogene Blue BH (K. S.) ; Diamine Beta 
Black (0.) 



Tetrazotised benzidine is combined with 1 mol. 
of p-xylidinc, the product diazotised and com- 
bined with 2 mols. of 8-amino-a-naphthol-3 : 0- 
disulphonio acid (U-acid). The violet-blue 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue, giving a bluish-violet precipitate 
on dilution. 

Ltlerolwrc.— E. P. 28810 of 1890; P. P. 
262100; A. P.601616. 

Dlazo Blue Black RS (By.) : 


N ^C,oH8 N, C,„H3(SO,H)8(OH)-NH, 


Tetrazotised benzidine is combined with 1 mol. 
of a-naphthylamino, the product diazotised and 
combined with 2 mols. of H-acid. The dark 
blue aqueous solution gives a blue precipitate 
with hydrochloric acid, and becomes redder with 
sodium hvdroxidc. The solution in sulphuric 
acid is dark bluish-green, giving a blue precipitate 
on dilution. 

Direot Black V and RR (P.) are analogous 
colours derived from benzidine, 8-amino-a- 
naphtholsulphonic acid, a primary amine, and a 
tn-diamine. 


Benzo Gray S extra (By.): 

"*\Ci3H3N,C.H8(COaH)-OH 


The colouring matter from tetrazotised benzidine 
and 1 mol. each of salicvlio acid and a-naphth>l- 
amine is diazotised and combined with a-naph- 
thol-4-sulphonio acid. The Bordeaux-brown 
aqueous soktion gives a black precipitate with 
hydroohlorio acid. The solution in sulphuric 
add ia blue, giving a black precipitate on 
difttion. 

Zrttemlufc.— £. P. 13236 of 1890 ; D. R. P. 
67331 ; P. P. 187366. 


Benzo Olive (By.) : 


Prepared as the preceding, except that S-amino- 
a-naphthol-3 : 0-disulphonio acid (H-aoid) is 
used as the end component. The dark moss- 
green aqueous solution gives a blackish-grey 
precipitate with hydrochloric acid, and becomes 
dark brown with sodium hydroxide. Solution 
in sulphuric acid is violet, giving a greenish- 
black precipitate on dilution. 

Literature. — E. P. 3439 of 1891 ; D. R. P. 
66480 ; F. P. 187366. 

Congo Fast Blue R (A.) ; Benzo Fast Blue R 

(By.): 


^OtoH. N, C»oH,(SO.H), aH 


Tolidine is tetrazotised and combined with 
1 mol of a-naphthylamine, the product diazo- 
tised and combined with 2 mols. of a-naphthol- 
3 : 8-di8ulphonic acid (c-acid). The blue aqueous 
solution is precipitated with acids or alkalis. 
The solution in sulphuric acid is blue, giving a 
blue precipitate on dilution. 

Literature.— P. 6932 of 1890; D. R. P. 
60921 ; ¥. P. 205016. 

Benzo Black Blue R (By.) : 



Tolidine is tetrazotised and combined with 
1 mol. of a-naphthylamine and the intermediate 
product diazotised and combined with 2 mols. 
of a-uaphthol-4-8ulphonic acid. Bluish-violet 
aqueous solution gives a violet precipitate with 
hydrochloric acid. Solution in sulphuric acid 
IS blue, giving a bluish-violet precipitate on 
ddution. 

Literature. — E. P. 16484 of 1887 ; P. P. 
187366 ; A. P. 440639. 

Benzo Indigo Blue (By.) : 




The same intermediate tetrazo-compound as 
above is combined with 2 mols. of 1 : 8-di- 
hydroxynaphthalene-4-Bulphonic acid (S-acid). 
The violet aqueous solution gives a bluish-violet 
precipitate with hydrochloric acid, and becomes 
reddish- violet with sodium hydroxide. Solution 
in sulphuric acid is greenish- blue, giving a violet- 
blue precipitate on dilution. 

Literature. — E. P. 13665 of 1889 ; D. R. P. 
67912 ; P. P. 200620 ; A. P. 601118. 

Congo Fast Blue B (A.) ; Benzo Fast Blue B 
(By.): 



Dianisidine is tetrazotised and combined with 
1 mol. of a-naphthylamine and the intermediate 
product diazotised and combined with 2 mols. 
of a-naphthol-3 : 8-di8ulphonio acid (c-acid). 
Blue aqueous solution gives a blue precipitate 
with acids or alkalis. Solution in sulphuric 
acid is cornflower blue, giving a blue precipitate 
on dilution. 

LUertUure, — ^E. P. 6932 of 1890; P. R. P. 
67444 ; F. P. 206616. 

\klnmbta Blaek FB and FF extra (A.); 
Asldlne Blaek FF (0. J.) ; Titan Blaeks (H.) ; 
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DIanol Black FB. FF (Lev.) ; Panama Black R, F 
(Sch.) ; Patent Dlanil Bla^ FF extra (M.) : 

"•<^C,oH4(SO.H)(5h)N.C.H,(NH,) 4 
p-Aminoacetanilide is diazotised and oombinod 
with 7-amino-a-naphthol-3-8ulphonio acid (7- 
acid), the product saponificAl with sodium 
hydroxide, the resulting diamino-coiupound 
totrazotised and combined first with 1 mol. of 
a-naphthyIamine-6- (or 7)-sulphonic acid (Clevo’s 
acids) and then with 1 mol. of m-phenylcnedi- 
amine. The aqueous solution is violet- black, 
and is precipitated by acids or alkalis. Solution 
in sulphuric acid is" blue, giving a precipitate 
on dilution. 

Ltf6ro£M«.— E. P. 12804 of IflOO; I). R. P. 
131986, 131987 ; F. P. 302499 ; A. P. 670221. 

Direct Black BMP (P.) has the same or a very 
similar constitution, and dyestuffs belonging to 
the same class are Carbon Blacks (various marks) 
(K.), and Naphthamlne Direct Blacks FF, B, 
FG and CS (K.). They are of the type described 
inD. R. P. 126671, viz. p-nitroaniline-o-sulphonic 
acid is diazotised and combined with Cleve’s 
acids, the product reduced, tetrazotised and 
combined with 2 mols. of a meta-diaroine. 

TitanBlack J(H.): 

^4H4 Nt*C,oH5(S04H) NH. 

^•\CioH 4(SO,H)(OH)N4C.H3(NH4)4 
p-Aminoacetanilide is diazotised and combined 
with 6-amino-a-naphthol-3-8ulphonio acid (J- 
acid), the product saponified, totrazotised, and 
combined with 1 mol. each of o-naphthylamine- 

6- (or 7)-sulphonic acid (Cleve’s acids) and m- 
phenylenediamine. 

Oxydiamine Black N (0.) : 

„ ^C,H4 *N,*C,oH4 (SO,H)(OH) NH4 

"*<^C,oH4 (SO,H)(OH)N,C.H3(NH,), 
Prepared like Columbia black FB, except that 

7- amino-a-naphthol-3-sulphonic acid (7-acid) is 
used instead of Clove's acid. B lue- black aq ueous 
solution gives a black-violet precipitate with 
hydrochloric acid, and a red-violet one with 
sodium hydroxide. Solution in sulphuric acid 
is greenish-blue, giving a violct-black pre- 
cipitate on dilution. 

Literature. — A. P. 526763. 

Isodipbcnyl Black R(a.): 

. "*\CioH4(SO,H)(OH) N,-C4H3(NH3)a 

Prepared as Columbia black FB, except that 
resorcinol is used instead of Clove's acid. V iolot- 
black aqueous solution gives a black precipitate 
with acids or alkalis. Solution in sulphuric 
acid is blackish-blue, giving a black precipitate 
on dilution. 

Literature. — P. 20278 of 1897 ; F. P. 
270151 ; A. P. 616497. 

Direct Black V (K. S.) ; Dlaxo Direct Black 

(Wiescher A Co.) : 

7-Amlno-a-naphthol-3 : 6-disulphonio acid (2 R- 
acid) is diazotised and oombmra with 1 mol. of 
a-naphthjlamine in acid solution. The mono- 
azo-^estuff is then dissolved hy adding so^um 
hydroxide and tetrazotised benzidme added, the 
combination being effected in presence of sodium 


carbonate. To this intermediate product is then 
added 1 mol. of 7-amino-a-naphtnol-3-8ulphonio 
acid (7-aoid). Violet- black a(][ueou8 solution 
gives a blue-black precipitate with hydrochloric 
acid, and becomes reddish-violet with sodium 
hydroxide. Solution in sulphuric acid is 
blue, giving a blue- black precipitate on dilution. 

Literature. — E. P. 15294 of 1896 ; D. R. P. 
109161 ; F. P. 266050 ; A. P. 601033. 

Direct Indone Blue R (K. S.) : 

N ^^0,oH3(SO,H),(OH) N, C,oH,-NH, 

"*"\0,3H,N30,oH,(S03H)3(OH)NH, 

Prepared as the preceding, except that 8-amino- 
a-naphthol-3 : 0-disulphonic acid (H-acid) is 
used as the end- component. Blue- black aque- 
ous solution gives a dark -blue precipitate with 
hydrochloric acid, and becomes violet with 
sodium hydroxide. Solution in sulphuric acid 
IS blue, giving a dark-blue precipitate on 
dilution. 

References as above. 

Diamine Bronze 0 (0.) : 

jj^C,oH,(S 03 H),(OH)-N,C.H 3 (NH,), 
\C,3H4-N3 (J4H,(C03H) 0H 
The dyestuff from tetrazotised benzidine and 
1 mol. each of salicylic acid and 8-amino-a* 
naphthol-3 : O-disulphoiiio acid (H-acid) is diazo- 
tised and combined with 1 mol. of m-phenylene- 
diamino. The chocolate- brown aqueous solu- 
tion gives a purple-brown precipitate with hydro- 
chloric acid, and becomes yellower with sodium 
hydroxide. Solution in sulphurio aoid is bluish- 
violet, giving a black precipitate on dilution. 

Literature.— E. P. 0972 of 1891 ; D. R. P. 
76762 ; F. P. 201770. 

Trisulphone Browns B, G and GG (K. S.). 
These are constituted similarly to the preceding, 
except that 7 - amino - a - naphthol -3:6- disul- 
phonic acid (2 R-acid) is employed instead of 
H-acid. The diamines used are benzidine 
(for B), tolidine (for G), and dianisidino (for GG). 
Each brand gives a brown solution in water, 
which yields a blackish- brown precipitate with 
hydrocliloric acid, and becomes rod with sodium 
hydroxide. The solution in sulphuric acid is 
bluish- violet, giving a dark- brown precipitate 
on dilution. 

Literature.— E. P. 5746 of 1898 ; D. R. P. 
114638 ; F. P. 276733 ; A. P. 608024. 

Chlorazol Deep Brown B (H.) : 

Benzidine is totrazotised and combined wiCIT 
1 mol. each of salicylic acid and 7-amino-a-naph- 
thol-3 : 0-disulphonio acid (2 R-acid), the pro- 
duct being diazotised and combined with m- 
tolylenediamine. 

Oolumbl»Bl«okR(A.): 

Tolidine is tetrazotised and combined with 1 mol. 
each of 7-amino-a-naphthol-3 : 0-disulphonic 
aoid (2 R-acid and in-tolylenediamine, and the 
product is diazotised and combMed with m- 
toiyienediamine. Brown-black aqueous solu- 
tion gives a black precipitate with hydrochlprio 
acid, and becomes brown with sodium *hy- 
I dioxide. Solution m sulphurio aoid is nure blue, 

' giving a violet-black precipitate on dilution. 
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Liieratwe.—'E. P. 14895 of 1893 ; D. R. P. 
102815 : F. P. 231976. 

ColumUs Black B (A.) ; Titan Black H (H.) ; 
Direct Bine Black B, 2 B Prepared as the 

preceding, exc^t that dianisidine is used instead 
of benzidine. The violet-black aqueous solution 
gives a dark flocculent precipitate with hydro- 
chloric acid, and becomes reddish- violet with 
sodium hydroxide. Solution in sulphuric acid 
is blue- black, giving a violet- black precipitate on 
dilution. 

Literature. — E. P. 14895 of 1893 ; D. R. P. 
111744; F. P. 231976. 

Columbia Blacks 2 BX and 2 BW (A.) belong 
to the same class. 

Bonzo Black Blue G (By.) : 



Bonzidinedisulphonio acid is tetrazotisod and 
combined with 1 mol. of a-naphthylaminc, tho 
product diazotised and combined with 2 mols. 
of a-naphthol-4-8ulphoniG acid. Tho blue-black 
a<|uoou8 solution gives a black- blue precipitate 
with hydrochloric acid, and becomes blue with 
sodium hydroxide. The solution in sulphunc 
acid is blackish-green, giving a blackisn-blue 
precipitate on dilution. 

Literature.--E. P. 16484 of 1887 ; D. R. P. 
44779 ; Ber. 1889, 22, 3463. 

Benzo Black Blue 5 G (By.). As the pre- 
ceding, except that 1 : 8-dihydroxynaphthalene- 
4-Bulphonio acid is used instead of a-naphthol- 
4-sulphonio acid. The blackish-blue aic^ueous 
solution gives a dark greenish- blue precipitate 
with hydrochloric acid. The solution in sul- 
phuric acid is black -green, giving a dark greenish- 
uluo precipitate on dilution. 

Columbia Green (A.) ; Direct Green CO (L.) : 

Na‘C,gU«-N.C,H3(a)jH)-OH 

cLh,(SO,H){OH)NH, 

Jf.C.H.SOjH 

Benzidine is totrazotised and combined with 
1 mol. of salicvlic acid, and tho intermediate 
product is comoined in alkaline solution with 
the product of the action of diazotised sul- 
phanilio acid on 8-amino-a-naphthol-6-sulphonio 
acid (S-aoid) in acid solution. Tho gr^n 
aqueous solution gives a green precipitate with 
hydrochloric acid, and becomes greenish-black 
,]^ith sodium hydroxide. The solution in sul- 
phuric acid is l>lue-violet, giving a green pre- 
cipitate on dilution. When diazotised anuine 
is used instead of diazotised sulphanilic acid 
in the above, Columbia Black Green D (A.) is 
produced. 

Literature. — ^D. R. P. appl. A. 3574. 

Diamine Green B (C.); Dianol Green B 
(Lev.) ; Renol Green B (T. M.) ; Direct Green 
BN (P.) ; Azidine Green 2 B (C. J.) ; Diantt 
Green B (M.); Alkali Green (D.); Oiamlne 
Green B (B.) : 

i„H,(SO,H),(OH)NH, 
prepared in a similar manner as the preceding. 


Tetrazotisod benzidine Is combined with 1 mol. 
of phenol and the product is combined with the 
azo-colour from diazotised p-nitroaniline and 
8-amino-a-naphthol-3 : 6-di8olphonic acid (H- 
acid). Dull-green aqueous solution gives a 
bluish-black precipitate with hydrochloric acid, 
and becomes yeUower with sodium hydroxide. 
Solution in sulphuric acid is violet, giving a 
black precipitate on dilution. 

Literature.— E. P. 15725 of 1891 ; D. R. P. 
66351 ; F. P. 201770 ; A. P. 514699. 

Diamine Green G (C.) ; Chlorazol Green 0 
(H.) ; Dianol Green G (Lev.) ; Azidine Green 
2 G (C. J.y; Alkali Green D (D.); Dianll 
Green BBN, G (M.) ; Benzoin Dark Green (B. K.) ; 
Erie Direct Green MT, BT (Sch.); Oxamine 
Green G (B.). Prepared as the preceding, except 
that salicylic acid is used instead of phenol. 

Reactions and literature as above. 

Eboll Green (various marks) (L.). Tetrazo- 
tised benzidine combined with 1 mol. of salicylic 
acid is combined with the product of the action 
of diazotised sulphanilic acid on 8-amino-a- 
naphthol-4 : 6-disulphonio acid. 

Literature. — E. P. 19253 of 1896 ; D. R. P. 
appl. F. 8626 ; A. P. 606439. 

Diphenyl Green G (G.). Prepared like 
diamine green B (above), except that o-chloro- 
' p-nitroaniline is used instead of p-nitroaniline. 
Tho reactions are also similar to those given by 
this colour. 

Literature. — ^A. P. 628233. 

Diphenyl Green 8 G (G.). Prepared like 
diamine green G, o-chloro-p-nitroaniline being 
used instead of p-nitroanilino. The green 
aqueous solution gives a green precipitate with 
hydrochloric acio, and oecomes duller with 
sodium hydroxide. Solution in sulphuric acid 
1 is reddish- violet, giving a green precipitate on 
dilution. 

Reference as the preceding. 

Chloramine Green B (K. S.). Prepared like 
diamine green B, 2 : 6-dichloroaniline being used 
instead of p-nitroaniline. The green aqueous 
solution gives a violet-black precipitate with 
hydrochloric acid, and becomes olack-green 
with sodium hydroxide. Solution in sulphuric 
acid is violet, giving a violet-black precipitate 
on dilution. 

Literature. — E. P. 8603 of 1899 ; D. R. P. 
112820 ; F. P. 287971 ; A. P. 627679. 

Chloramine Black N (K. S.). Tetrazotised 
benzidine is combined with 1 mol. of m-phenylene- 
diamme and the product combined with the 
azo-colour from diazotised 2 : 5-dichloroaniline 
and H-acid. The dark bluish-green aqueous 
solution gives a blue precipitate with hydro- 
chloric amd, and a bluii^-green precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a blue precipitate on dilution. 
Chloramine Bine HW (K. S.); 

N,*Ci,Hs*N,*C,pH*(SO,H)(OH)NH^ 

Tetrazotised benzidine is combined with 1 moL 
of 7 -acid in alkaline solution and then, also in 
alknne solution, with the product of the action 
of diazotised 2 : 5-diohlofoaniline on H-acid 
(1 moL) in acid solution. 
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OUonunlno Blue 8 G (K. S.) : 

N.-Ci^e*N,C,,H,(SOaH),(OH)NH, 

(iioHa(SO,H)a(OH)NH, 

Jja-C.HaCla 


Tetrazotised benzidine is combined with 1 mol. 
of S-amino-a-naphthol-S : G-disulphonic acid (H- 
acid) and then with 1 mol. of H-acid to which 
has been added 1 mol. of diazotised dichloro- 
aniline in acid solution. 

References for the last two colours as for 
chloramine green B. 

Erie Direct Blaek GX (Soh.) ; .Renol Black G 
(T. M.): Patent Dianll Black EB (M.) ; Union 
Black (By.) ; Direct Deep Black EW (By.) ; 
Cotton Black RW (B.) : 

M ^,oH,(SO,H),(OH)(NH,)-N. C,H, 


Tetrazotised benzidine is combined with 1 mol> 
of H-acid in acid solution, after making alkaline 
1 mol. of diazotised aniline is added, and then 
1 mol. of m-phenylenediamine. When m- 
tolylenediamine is used in the last combination 
the colour is known as Erie Direct Black RX 
(Soh.) ; Renol Black R (T. M.) ; Patent Dianil 
Black EBV (M.) ; Direct Deep Black RW (By.) ; 
Cotton Black E (B.). The aqueous solutions of 
both dyes become violet with hydrochloric acid 
and blue with sodium hydroxide and the sul- 
phuric acid solutions are violet blue. With 
phenol as end component Erie Direct Green ET 
(Soh.) is obtained. The green aqueous solution 
becomes blue with hvdrocnloric acid and greenish 
black with sodium hydroxide. The solution in 
sulphuric acid is bluish-green, becoming blue 
on dilution. 

Literature. — E. P. 12305 of 1902 ; D. R. P. 
153557 and appl. A. 8974 ; F. P. 321026 ; A. P. 
088478, 717550. 

Diamine Black HW (C.) ; Ingrain Black G 
(H.) ; Naphthamine Black H (K.) : 

N,C„H8N,C,oH,(SO,H)(OH)NH, 

(!!„H,(S0,H),(0H)NH, 

]!r,-C,H,-NO, 

Prepared like diamine green B (above), except 
that 7-amino-a-naphthoI-3-sulphonio acid (y- 
acid) is used instep of phenol. Blackish-blue 
aqueous solution gives a blue precipitate with 
hvdroohlorio acid. Solution in sulphuric acid is 
blue, giving a blue precipitate on dilution. 

LUerature, — ^E. F. 16725 of 1891 ; D. R. P. 
66351, 70393 ; F. P. 201770 ; A. P. 514599. 

Dianil Black R (M.) : 

<!!„H,(80,H),(0H), 

Tetrazotised benzidine is combined with 1 mol. 
of m-phenylenediamine and then with 1 mol. of 
1:8- dihydrozynaphthaiene-3 : 6 - disulphonio 
acid (chiomotrope acid), to which has been added 
1 mol. of diazotised naphthionic acid. The 
reddish-violet aqueous solution gives a pfecipi- 
tate with hydroohloiio acid, and becomes blue 
with sodium hydroxide. Solution in sulphuric 


acid is dark blue, giving a reddish- violet pre- 
cipitate on dilution. 

Literature. — D. R. P. 89285. 

Congo Brown G (A.) (Lev.) ; Naphthamine 
Brown 4 G (K.) ; Benioin Brown G (B. K.) ; 
Direct Brown OR (Sch.) : 

N.C„H.-N,CeH,(CO,H)-OH 

N,C,H4S0,H 

The dyestuff from tetrazotised benzidine, 
salicylic acid and resorcinol is treated with 
diazotised sulphanilic acid or the intermediate 
product from tetrazotised benzidine and 1 mol. 
of salicylic acid is combined with 1 mol. of 
resorcinol to which 1 mol. of diazotised sulphan- 
ilic acid has boon added. The red aqueous 
solution gives a brown precipitate with hydro- 
ohlorio acid. Solution in sulphuric acid is 
reddish-violet, giving a reddish-brown pre- 
cipitate on dilution. 

Literature. — E. P. 10053 of 1888 ; D. R. P. 
46328, 40601 ; F. P. 192331 ; A. P. 399681. 

Congo Brown R (A.) (Lev.) : 

NaCi4Hg*N*C.H,(CO,H)OH 

l!r,C,oH-,-SO,H 

Prepared as the preceding, except that (t-naph- 
thylamine-6-8ulphonio acid (Laurent’s acid) is 
used instead of sulphanilic acid. Reactions and 
references os the preceding. 

Benzamine Brown 8 GO (D.) is prepared as 
Congo brown Q, except that n»-phoiwlenediamino 
is used instead of resorcinol. The reddish- 
yellow aaueous solution gives a brown precipi- 
tate with hydrochloric acid, and becomes 
brownish-yellow with sodium hydroxide. 
Solution in sulphurio acid is brownish -violet, 
giving a brown precipitate on dilution. 

Azo Corinth (O.) : 

N»-C,4HiaN,-C,H.(SO,H)(OH)NH, 

N,C„H,SO,n 

Tetrazotised tolidino is combined .with 1 mol. 
of 3-aminophenol-O-sulphonio acid (acid 11 J.) 
and 1 mol. of resorcinol, and tho colouring matter 
so obtained is treated with 1 mol. of diazotised 
naphthionic acid. Reddish-brown aqueous sffi- 
tion gives a reddish-brown precipitate with 
hydrochloric acid, and is tumea bluish-red with 
sodium hydroxide. Solution in sulphuric acid 
is bluish-violet, giving a reddish-brown precipi- 
tate on dilution. 

E. P. 13402 of 1893 ; D. R. P. 
71182; A. 516381. 


V. TETBAKISAZO- COLOUBINO Mattbbs. 


These contain four azo-groups. 

Benzo Brown G (By.) (Mar^n, Orth and 
BJpstings Corporation) ; 


n H ^N, C.H,(NH,), N, C.H4 S0,H 

Prepared by the action of diazotised sulphani! 
acid (2 mole.) on Bismarck brown (1 mol 
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Reddish-brown aqueous solution gives a brown 
precipitate with acids and alkalis. Solution in 
sulphuric acid is violet- brown, giving a brown 
precipitate on dilution. 

IMeraiure. — E. P. 16493 of 1887 ; D. R. P. 
40804; A. P.384315. 

Benzo Brown B (By.): 

Prepared as the preceding, except that naph- 
thionic acid is used instead of sulphanilic acid. 
Beactions and references as above. 

Direct Brown J (I.). Prepared as benzo 
brown O, except that aminpbenzoic acid is used 
instead of sulphanilic acid. The yellowish 
brown aqueous solution gives a dark brown 
precipitate with hydrochloric acid. Solution 
in sulphuric acid is brown, giving a brown pre- 
cipitate on dilution. 

Lilcralurc.— D. R. P. 76127 ; R P. 219926 ; 
A. P. 491422. 

* Toluylene Brown R (0.) ; Azidlne Brown 
T 2 R (0. J.) ; Direct Brown R (Sch.) : 

HSO ‘f* H ^Nj*04Hj(NH2)4*N4‘C|oH4‘SOgH 

Prepared by treating the colour from tetrazo- 
tised 2 : 6-tolylenodiamine-4-8ulphonic acid and 
2 mols. of m-phenylcnediamine with 2 mols. of 
diazotised naphthionic acid. Brown aqueous 
solution gives a brown precipitate with hydro- 
chloric acid. Solution in sulphuric acid is dull 
reddish-violet. 

Literature. — E. P. 11000 of 1889; D. R. P. 
68667 ; P. P. 199068 ; A. P. 466116. 

^ Hessian Brown BBN (L.) : 

n TT ..^N4 C4H,(0H)4-Na C.H4-S05H 
U,itl8^N,C4Ha(OH)2NaC.H4SOsH 
Prepared by the action of tetrazotised benzidine 
on 2 mols. of the monoazo- dyestuff from diazo- 
tised sulphanilic acid and resorcinol. Aqueous 
solution is brown, giving a brown precipitate | 
with hydrochloric acid, and becoming red with 
sodium hydroxide. Solution in sulphuric acid 
is violet-black, giving a brown precipitate on 
dilution. 

Dlanll Black PR (M.) : 

HSO C H 

* '* ’\c,pH4(SO,H)(OH)K,0,H,(NH,), 
Benzidinesulphonic acid is tetrazotised and com- 
bined with 2 mols. of 7-amino-o-naphthol-3- 
Bulphonio acid (7-acid) in alkaline solution, and 
the product is tetrazotised and combined with 
2*ibol8. of 9»-phenylenediamine. Black aqueous 
solution is precipitated with hydrochloric acid 
or sodium hydroxide. Solution in sulphuric 
sold is dark- blue, giving a black precipitate on 
dilution. 

Literature. — E. P. 13743 of 1896 ; F. P. 
267246 ; A. P. 678680. 

Anthracene Acid Brown B'(C.) : 

NO,-C4H,(C02HXOH) N2 CioH,-N,\^ ^ 
NOg-CiHgtCOgHXOHVNj CigHg-Ng/ * * ** 

^itroaminosalioyclic acid is diazotised and com- 
bined with a-iftphthylamine. Two mols. of this 
are diazotised and combined with 1 mol. of m- 
phepflenediamine. Brown aqueous solution 
gives a violet precipitate with| hydrochloric acid. 
Solution in sulphuric acid is greyish-violet, 
giving a brown- violet precipitate on dilution. 


Literaiure.—E, P. 2440 of 1890; D. R. P. 
92665 ; F. P. 263834. J. C. C. 

AZO- ACID YELLOW, -ALIZARIN 
YELLOW, -BLACK BASE 0, -BORDEAUX, 
-OHROMINE, -COCCINE, -COCHINEAL, 
-CORALLINE, -EOSINE, -FLAVINE, -FUCH- 
SINES, -VIOLET {v. Azo- coloubino matters. 

AZODERMIN. Acetylamidoazotoluene. 

A2^ERYTHRIN v. Archil. 

AZOFLAVIN V . Azo- colouring matters. 

AZOGEN RED v. Azo- colourikq«matters. 

AZOGRENADINES v, Azo- colouring 
matters. 

AZOIMIDE {HydraroU acid) NaH was first 
isolated in 1890 by Curtius (Ber. 1890, 23, 3023), 
although in the form of its phenyl derivative 
(diazobenzeneimide) CgHsN, it was known in 
1866, having been then prepared by P. Griess 
(Annalen, 1866, 137, 66, 77). 

Curtius obtained azoimide by the action of 
sodium nitrite and acetic acid on benzoyl 
hydrazine, the nitroso- derivative first form^ 
passing into benzoyl azoimide by loss of water 
CgHjOONHNH.-f-HONO^ 

HgO H- C.HgCO ‘N(NO) + C.HgCON, 

The benzoyl azide so obtained was dissolved 
in an equal weight of absolute alcohol and 
digested on the water-bath with 1 mol. pro- 
portion of sodium, also dissolved in absolute 
alcohol, when sodium azide was formed, and this 
was precipitated from the solution by the addition 
of ether : 

OsH4CON,4-2NaOH 

= H.0 +C.H4COONa-f NaN, 

The following methods have also been em- 
ployed for the preparation of azoimide and its 
salts. 

1. Hippuryl hydrazine by the action of 
nitrous acid is converted into hippurazide, from 
which by the action of ammonia, ammonium 
azide is produced (Curtius, Ber. 1891, 24, 3341) : 
CgHgCONHCH.CONHNH, 

HONO 

[CgHgCONHCHgCO NH-N. OH 
C.HjCONHCHat^ON.-fH.O 

C,H,C0NHCH,C0NH,+NH4N,^‘°° 

2. o.p-Diazobenzeneimide (prepared from 
o.p-Dinitro-aniline), on treatment with alcoholic 
potash, yields potassium azide (Nolting and 
Grandmougin, Ber. 1892, 25, 3328) : 

o.p. C,H,(NO,)a-NH,-HNO, 


HONO 


C.H,(N02)2N2N0, 

Br 

■-> C,H3(NO,)aNBrNBr, 


^ NHj 

C.H,(N0,),N. 


EOH 

C,H,(N0.). 0K+H,0+N3K ^ 

3. The decomposition of diazotised amido- 
guanidine nitrate by caustic alkalis (Thiele. 
Annalen, 1892, 270,1): 

HN : C(NH.)-NHNH,-HN0, 

HONO 

HN:C(NH,)NHN,NO, 

CNNH,.|.HNO,-fN,H 
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4. Th^ action of nitrous oxide on sodamide 
(W. Wii^cenus, Ber. 1892, 25, 2084) i 

NaNH,+N,O»NaN,+N ,0 

5. The action of an aqueous solution of 
hydrazine on a benzene solution of nitrogen 
chloride (Tanatar, Ber. 1899, 32, 1309) : 

N,H4-fNCl,=N,H+3HCl 

6. The oxidation of a mixture of hydrazine 
sulphate ^nd hydroxylamine hydrochloride by 
chromic acid mixture (Brown, Ber. 1905, 38, 
1825). 

7. The decomposition of hydrazine sulphate 
by potassium nitrite (Dennstedt, Ohem. Zeit. 
1897, 21, 876) : 

N,H*+HONO ->[NH, N, 0H]->H,04-NsH 

8. The decomposition of hydrazine sulphate 
by a saturated aqueous solution of silver nitrite, 
crystalline silver azide being precipitated 
(Angeli, Ber. 1893, 26, 886, Ref.). 

9. In nearly quantitative yield, the sodium 
salt may be prepared by mixing hydrazine 
hydrate with sodium methoxide, and adding an 
ether solution of ethyl nitrite to the mixture. 
If the free acid be required it is sufficient to 
shake hydrazine sulphate for several hours with 
sodium hydroxide solution and ethyl nitrite, 
about 8(1-84 p.c. of the hydrazine compound 
undergoing decomposition (Thiele, Ber. 1908, 41, 
2681). 

The free acid may be obtained by distilling 
the salts with dilute sulphuric acid. In the 
anhydrous condition it is a colourless mobile j 
liquid of very unpleasant odour. It boils at j 
37® C.,and is readily soluble in water. Azoimide 
is a most dangerous substance to handle on 
account of the fact that it decomposes with 
explosive violence on agitation. It somewhat | 
resembles the halogen acids in that it forms 
difficultly soluble lead, silver and mercurous 
salts. It is very poisonous, its vapour attacks 
the mucous membrane rapidly, whilst the 
aqueous solution of the acia attacks the skin. 
The metallic salts of the acid all crystallise in 
the anhydrous state, and when heated, decom- 
pose, generally with explosive violence, leaving 
a residue of the pure metal. 

Azoimide is a ' weak ’ acid, comparable in 
strength with acetic acid (West, Trans. 1900, 
77, 706). The heat of formation of the acid 
has been measured by Berthelot and Matknon 
(Compt. rehd., 1891, 113, 672), with the follow' 
ing result : 

3N+H+aq=NsHaq--61,600 cal. 

A 7 p.o. solution of the acid dissolves magnesium 
and zinc, with evolution of hydrogen. From 
solutions of ferric, aluminium, cmomic and 
thallium salts the corresponding hydroxides are 
quantitatively precipitated on DoHing with 
azoimide. On reduction with sodium .amalgam, 
or by zinc and acid, azoimide is converted into 
ammonia and hydi^ine; if, however, sodium 
sulphide or ferrous hydroxide be used as reducing 
agents, little hydrazine is formed. 

The reaction N,H+HN0,=N4+N|0+H*0 
is quantitative, and can be used for the estima- 
tion of simple nitrites. In this method a known 
excess of sodium azide is added to the acid | 
solution of the nitrite, and the mixturl well j 
shak^ The solution is made just alkaline by 
VoL. I.--T. 


ba^ta water, boiled to expel nitrous oxide, 
aoidified by acetic acid and the excess azoimide 
estimated by titration with iodine and sodium 
thiosulphate. 

Hyaretzine azide NgHg ; is obtained by the 
action of lead azide on hydrazine sulphate. It 
crystallises in prisms and is veiy volatile. When 
rapidly heated it eirolodes with great violence. 

Icdine azide N,! is obtained as an unstable 
nearly colourless solid when silver azide is 
suspended in water and shaken with a solution of 
iodine in ether at 0® C. (Hantzach, Bor. 1900, 33, 
622). It decomposes readily, alkaline hydroxides 
converting it into the corresponding alkali 
azide N4l-f2KHO=NaK-fHg()-fKro. The 
aqueous solution of the azide gradually decom- 
poses on keeping N,I+HaO=f=NaH-f-H10. 

Chlorine azide Na(-i was prepared in 1908 by 
Raschig (Ber. 1908, 41, 41 94^ on adding sodium 
hypocliiorito to sodium azido and acidifying the 
mixture. It is a colourless gas. 

Phenyl azide ( Diazobenzene imido) CgHgNg 
was first prepared by Griess (Annalcn, 1806, 
137, 66, 77) by decomposing diazobenzene per* 
bromide with ammonia. It is a pale yellow oil 
boiling at 66*5°-6G*6® C., and is volatile in steam. 
On heating with hydrochloric acid it yields 
o- and p-chloroaniline and nitrogen. Reduction 
in acid solution converts it into aniline and 
ammonia. 

Benzyl azide C-HyNg is obtained as an 
aromatic smelling oil, by the action of warm 
acid on nitrosobenzylhydrazine, or by decom- 
posing silver azide with benzyl iodide. It boils 
at 74^ C\ (11 mm.). 

Azides of the above type may bo obtained 
generally by the following methods : — 

1. The decomposition of dinzobenzone per- 
bromides with aqueous ammonia : 

C,H.NBrNBr,-f4NH3^C,HBN3-f3NH4Br 

2. The decomposition of dhtzonium sulphates 
with hydroxylamine : 

nSO^+NH.Ori^HaSO^+HaO-f-C.TIjN, 

3. The action of nitrous acid on phenyl 
hydrazine hydrochloride : 


C.H3NH NH3 CeH.NfNO-NHa , 

H.O+C4H3N, 

4. The decomposition of jS-phenylsemi- 
carbazidcs with sodium hypochlorite : 

C-H3NH NH CONH3 -> C4H5N : N CONH, 
CeHjNiNNH, C.HjNa 

5. The act^n of chloroamine on diazonMIh 
salts (M. 0. Forster) : 


C3H3 N C1+NH3C1=HC1+C.H5N : N NHCl 




HCl-fC.H,N, 

6. Aryl diazonium derivatives of trinitro- 
methane readily decompose in the presence of 
moist ether to aryUaof ormhydroxamic acids, and 
the latter on heating with aqueous alkali 
hydroxides are convert^ into the corresponding 
azide (Ponzio, Gazz. 1916, 46, iL 12 ; 1916, 46, 
ii. 56) : • 

AfNjO ON : C(NO|), -> ArN : N CO NHOH 

• AtN,+CO,’+H, 

The aryl azides are decomposed on heating 

2 K 
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with hydrochloric acid, nitrogen being evolved 
and the corresponding chloro-anilincs formed 
Similarly with sulphunc acid they yield amino- 
phenols. Hot alcoholic potash converts- the 
o- and p-nitro derivatives into azoimide and the 
nitrophenols. On condensation with the 
Orignard reagent and subsequent decomposition 
diazoamines (triazens) are formed (Dimroth) : 

CeHjN.q CHaMgl C«H, N : N N 011, 

ArI 

-> C,H,N ; N NHCH, 
Fiienyl methyl trHzen 

Condensation with ^-kctonic oStera converts 
them into tnazolcs (Ber. 1002, 35, 4041) : 
CeH,Na4-CH,COOR 

I = H.O+ 

COCH, 

-- C COOR 

n:; II 

\N(0,If5)-C-CH, 

wliilst with benzaldehydo arylhydrazones they 
similarly yield ictrazolcs (Bor. 1007, 40, 2402) : 
CeHaN,+0,H,NH N : CHCeHc 

=C,FI.NH,+C.n.N/ ■ I 

\N=<.! 0,11, 

Methyl azide CHa'N, is prepared by the action 
of dimethyl sulphate on sodium aziclc (Dimroth 
and W. Wisheenus, Ber. 1905, 38, 1573). Mag- 
nesium methyl iodide converts it into dimcthyl- 
triazon CH,N : N NHCH, (Dimroth, Ber. 1900, 
39, 3905). 

The acyl derivatives of azoimide may be pre- 
pared by the decomposition of acyl hydrazines 
with nitrous acid (sodium nitrite and acetic acid) : 

JO NH NH, + HONO - C,H ,00 N,-! 2H2O 

Tdrameihylammomum azide NM04N, is 
prepared by the gradual addition of a solution of 
tKitramothylammoiHiim iodide to dn aqueous 
suspension of a slight excess of silver azide. 
Tetragonal crystals (a ; c — 1 : 0'7246), Fairlv 
stable substance ; does not explode when struck 
with a hammer, or ground in a mortar, or when 
dropped on a hot plate. Dry salt begins to 
decompose at about 125° (Friodlandor, J. Amer. 
Chem. Soo. 1918, 40, 1945). 

Benzoyl azoimide CJaHjCJON, (Curtius, Ber. 
1890, 23, 3024 ct seq,) crystallises in colourless 
tables and melts at 32° G. It explodes on 
heating. 

This typo of azide shows characteristio 
doarmpositions, two-thirds of the nitrogen being 
eliminated, and the residual nitrogen linking 
up the aromatic nucleus with a carbonyl group. 
Thus when gently warmed in alcoholic smution 
a urethane is produced, on boiUng with water a 
di-Bubstitutod urea is obtained, and on heating 
the solution of the azide in benzene it is trans- 
formed into an isocyanate : 
C,H,OON,+C,H,OH-N,+C,H,NHCOOC,H, 
2C,H,00N,+2H,0=2N,+2C,H,NHC00H 
«2N,-hH,0+CO,-fCO(NHC,H,), 
C,H,CON,=N,+C,H,NCO 

On tne deaimposition of the azides of the 
mono and dialkyf malonio acids, and of the 
a-hydroxy acids, see Festschrift Th. Curtius, 
1907Tp. tani. . 

Some oontroverqr has arisen over the struc- 
ture of azoimide, the earlier given oyolio struc- 


ture having been objected to by Thiele (Ber. 
1911, 44, 2522) who considers that a straight 
chain formation best represents the reactions of 
the acid : 

II \NH or HN : N : N 

n/ 

AZOIMIDES, AROMATIC v. Diazo com- 

POUNDS. 

AZOLITMIN. A substance assumed by 
Kane to exist m litmus (Annalen, 39, 25). 

AZOMETHANE v. Diazo compounds. 

AZOORSEILLIN v. Azo- colourtno 

MATTERS 

AZOPHENYLENE v. Aztnes. 

AZOPHOR -BLACK, -BLUE, -RED, -ROSE v. 

Azo- COLOURINO MATTERS. 

AZOPHOSPHINES v. Azo- colouring 

MATTERS 

AZO-REDS, AZORUBINES v. Azo- COLOUR- 
ING MATTERS. 

AZOTE. A name given to nitrogen by 
Lavoisier, and hence commonly used in French 
fitcraturc to dc.signato that element. 

AZOTINE. An explosive made in Austria- 
Hungary (J Soc. Chein. Ind. 4, 3G0). 

AZOTOL V. Azo- colouring matters. 

AZOTOMETER. A term applied by W. Knop 
to an apparatus dosigneil to measure the nitrogen 
evolved by the action of sodium hypochlorite or 
hypobromite on ammonium salts and certain 
organic substances. 

AZO- TURKEY RED v. Azo- (olourino 
matters. 

AZOVERMIN. Trade name for acetyl - 
amino azotoluene. 

AZOXINE COLOURING MATTERS v. 

OXAZINE rOLOURING MATTERS. 

AZOXYBENZENE C,.,H,oN,0. A product 
of the partial reduction of nitrobenzene with 
alcoholic potash (Zinm, J. pr. Chem. 3G, 93 ; 
Schmidt and Schultz, Annalen, 207, 325 ; Ber. 
12, 484); or with sodium amalgam containing 
3*8 p.c. of sodium (Alcxejeif, J. 1864, 625 ; 
Moltschanowsky, Ber. 16, 1575). 

Preparation . — ^Azozybenzene is best prepared 
by dissolving 1 part of sodium in 25 parts of 
methyl alcohol, adding 3 parts of nitrobenzene 
and heating for 5 or 6 hours on a water-bath in 
a flask provided with a reversed condenser. The 
methyl alcohol is then distilled off and the residue 
treated with water, which dissolves the so^um 
formate formed in the reaction, and leaves the 
azozy benzene as a yellow oil; this soon solidi- 
fies, and is obtained pure by one crystallisation 
from alcohol (Klinger, Ber. 16, 866; Molt- 
sohanowsky, Lc. and Ber. 16, 81 ; Klinger, 
Ber. 16, 941, footnote). 

Azozybenzene Is also prepared by the 
reduction of nitrobenzene with arsenious oxide 
and caustic soda (Loesner, Eng. Fat. 1665, 
J. Soo. Chem. Ind. 1896, 31) ; by the reduction 
of nitrobenzene with alkali sulphides in a^ali 
hydroxide, the products being mainly azozy- 
benzene and azobenzene, in proportions varying 
with the amount of sulphide and the time^ 
redpotion (Farb. vorm. Meister, Lucius, and 
Bruning, D. R. P. 216246, J# Soc. Chem. Ind. 
1909, 1310); by boiling nitrobenzene with 
60 p.6. aqueous sodium hydroxide and iron 
pyrites, or other heavy sulphides, 00 p.o. of the 
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f ioduct boiof^ ftzoz^bcnzono (Fftrbcufftb. vorm. 

ried. Bayer & (Jo., D. ii. P. 2(M663, Chem. Soc. 
Abet. 1909, i 272); by heating nitrobenzene 
with charcoal and alkali (Farbenfab. vorm. 
Fried. Bayer & Co., D. R. P. 210806 ; Chem. 
Zentr. 1909, ii. 163) ; and by the electrolytic 
reduction of nitrobenzene in the presence of 
alkali (Farb. vorm. Meistcr, Lucius, and Bruning, 
D. R. P. 127727 ; Chem. Zentr. 1902. i. 446. 
and Farb. vorm. Weiler-ter-Meor, D. R. P. 
138496 : Chem. Zentr. 1903, i. 372). 

Azoxy benzene or its homologues can be 
obtained by heating nitrobenreno or the corro- 
spondine nitro- compound with an equal weight 
of zinc- dust and of an aqueous solution of cal- 
cium chloride boiling at 130** ; aqueous solutions ' 
ot other salts may be employed, and the reaction 
ensues at the boiling-point of the aqueous solu 
tion (e. Dechend, 1). H 1*. 43230). • 

Properties , — Azoxybenzene crystallises in 
pale yellow rhombic needles, melts at 30®, and 
IS soluble in alcohol or ether, insoluble in water. 
When heated with non-volatile substances, such 
as iron filings, it decomposes into aniline and 
azobenzcnc Weak reducing agents, such as ' 
sodium amalgam in alcoholic solution, convert it 
into hydrazobenzene (AlexejcfF, J. 1807, 003); 
but more powerful agents, such as zinc chloride 
in acid solution, reduce it chiefly to aniline, a 
small quantity of Jiydrazobenzene and bases 
derived from it by molecular changes being 
also formed (Schmidt and Schultz). Azoxy- 
benzcnc yields two isomeric nitroazoxybenzenes 
when heated with concentrated nitric acid 
(Limn, Annalen, Hi, 217), and when heated with 
concentrated sulphuric acid to a moderate 
temperature is converted into the isomeric 
hydroxyazobenzene (Wallach and Kiepcnhcucr, 
Ber. 14, 2017). 

In addition to azoxybenzene other azoxy- 
compounds have been prepared by reducing the 
corre.sponding nitro- derivatives either with 
sodium amalgam in methyl alcohol solution or 
with zinc-dust and soda (c/. Limpricht, Ber. 18. 
1406; Klinger and Pitachke, Ber. 18, 2663; 
Janovskv and Reirnann, Her. 22, 41 ; v. Dechend, 
I.C.). The azoxy- compounds derived from 
metanitranihne, the nitrotoluidincs melting at 
78° and 107°, and the nitroxylidine melting at 
123® yield, when diazotiacd and combined with 
phenols, amines or their sulphonic acids, a class 
of yellow, orange or red azo- dyes, which can be 
employed for cotton and wool (Poirrier and 
Rosenstiehl, D. R. P. 44045, 44564). 

AZOXY- COLOURING MATTI^RS. The dyes 
formerly classified under this heading, of which 
‘ sun yellow ’ is perhaps the best known, have 
been shown to be azo- dyes (q.v.). 
p-AZOXY-o TOLUIDINE 

W, V nh. 


is obtained by the alkaline reduction of p-nitro- 
o-toluidine (q.v.) by zino dust or dextrose; 
m.p. 168°. Used in the manufacturo of azo- 
dyos. 

AZO- YELLOWS v. Azo-oolourino matters. 

AZULENE Cj-Hij, a hydrocarbon, an 
intensely blue, sligntly viscid liquid. Da50’9738, 
b.p. 296®-300® (186®-196®/25 mm.), found in the 
oifc of cubobs, amyris, guaiacum wood, gurjun 
and eucalyptus, and to which their blue colour 
is duo. Wlien exposed to light and air is con- 
verted into a brown resin. Is soluble in sul- 
phuric acid, giving a fluorescent solution, and 
forming a sulphonic acid, 3delding a crystalline 
soilium salt, soluble in water, and giving a violot- 
colourcd solution which bocomes green when 
acidified. Is possibly identical with Piesse's 
Azuhn {q.7' ). It forms a ptrraie, m.p. 120°, 
lustrous black needles, by which the hydro- 
carbon may bo identified. It appears that 
azuleno is tricyclic and contains an aromatic 
nucleus, four etliy Ionic linkings, but no hj’drp- 
aromatic conjugate double linkings, as it 
suffers no reduction when treated with sodium 
in alcohol (Slierndal, J. Amer. Chem. Soc. 
1915, 37, 107 and 1637). 

AZULIN. IBuc colouring matter, contained 
in certain essential oils ; e.g, chamomile, mille- 
folium, and wormwood. 

AZULIN V. 'rKIPHENYI.METUANK COLOURINQ 

MATTERS. 

AZURE V. Pioment. 

AZURIN Obtained by heating 

salicylic akhmydo with o-tolylcnodiamine. 
Colourless tables, giving blue fluorescent solu- 
tions (Ladenburg, Ber. 11, 590). 

AZURITE or Chessylitc. Hydrated basic 
copper carbonate, 2Cu(J08*Cu(0H)a, forming 
monoclinio crystals of an azure- blue colour. 
Finely crystallised specimens have been found 
in abundance in an old copper mine at Chessy, 
near Lyon in the south of Franco, and on thi.s 
account the mineral is often known as chcssylito 
(Brooke and Miller, 1862) ; the 4iame azurito 
(F. >S. Beudant, 1824) refers to the characteristic 
colour. Sp gr. 3*8; hardness 3J-4. It occurs 
as an alteration product of copper-pyrites and 
other sulphide ores of copper in the up]>er 
oxidised zones of mineral veins ; and it is itself 
often altered to malachite, the green carbonate 
(CuCOs'Co(OH)a). Fine crystals arc also found 
at Broken Hill in New South Wales, Tsumeb in 
South-West Africa, and at Bisboo in Arizona ; 
at the last-named place it occurs, together with 
malachite, in sufficient abundance to bo miHf^ 
os an ore of copper. It was also formerly mined 
at Burra-Burra, in South Australia. From 
Arizona come pretty specimens, with azurito and 
malachite banded together, which are polished 
for use in cheap jewellery. Powdered azurite 
was formerly used as a pigment under the name 
* mountain blue,* but this is now replaced by an 
artificial product. L. J. S. 


B 

BABBIT’S METAL. An alloy of 25 parts East, in combination with alumina and iron 
tin, 2 pa^ antimony, and 0*5 part copper, used mordants, to produce various shades of drab and 
as an anti-attrition metal (v. Antimony). fawn colour in (»li co-printing. East Indian 

BABLAH or NEB-NEB. Commercial Names bablah is largely obtained from Aeoeta arabica 
lor fniits of several spedet of aoaoia ; used in the (Willd.) (A. indiea (Benth.)): Senogal and 
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Egyptian BabUih largely from Acacia arabica 
{A, nil^ica pelil.)). The aqueous extracts 
oontain a rea colouring matter together with 
considerable quantities of gallic and tannic acids. 

BABUL BARK. The bark from Acacia 
arabica (Willd.) which occurs in India, Arabia, 
and tropical Africa : its Indian vcniacular name 
is * babul.' Used in India as a tanning material. 

BABUL GUM. An inferior kind of gum 
arabic from Acacia ara^nca (Willd.). Known also 
as * Bengal gum * or ‘ Oond babul.* 

BACTERIA, CHEMICAL ACTION OF, r. 

Fermentation. • 

BADDELEYITE. Native zirconium oxide, 
ZrOj, crystallising in the monoclinic system. 
A few isolated crvstals have been found in the 
gem>gravclH of (ieylon, and a more abundant 
supply of small crystals was met with at about 
the same time in the iron mine of Jacupiranga, 
in Silo Paulo, Brazil. The latter, at first de- 
scribed under the name brazilito, occur as an 
accessory constituent of a magnetite-pyroxene 
rock called jacupirangitc, which is associated 
with the deposits of magnetite. The crystals 
from Ceylon arc black and opaque, with sub- 
nictallic lustre, but small splinters are trans- 
parent and yellowish in colour ; sp.gr. 6*72- 
<1*026 ; ZrOa 98*9 p.c. The smaller crystals 
from Brazil range from eofourless to brown ; 
sp.gr. 6*6 ; they contain ZrOj 96*62 p.c., with 
small amounts of silica, alumina, ferric oxide, 
lime, Ac. The mineral has also l^en identified 
in a rock resembling jacupirangite in the iron 
mines of the island of Alno, Kweden. More 
recently, minute crystals have been detected 
in a sanidino bomb rich in zircon from Monte 
Komma, Vesuvius, and in a corundum -syenite 
from Bozeman, Montana. 

A massive form of zirconia occurs much more 
abundantly in the Kcrra do Caldas region of 
Minas Geraes, Brazil, a region characterised 
by the occurrence of nepheline-syenite rocks. 
I^obbles of compact material are liere found in 
the diamond* washings, and arc known to the 
diamond miners as * favas ’ (meaning * bean ; * 
other ‘ favAS * consist of titanium dioxide). 
Those are pale-brown, slate-grey or blackish in 
colour, fine-grained, and hard. »Sp.gr. 4*6-6*4 ; 
they contain ZrO^ 73-93 p.c., the principal 
impurity being silica, with some iron, alumina, 
and titanium. In the same region there has also 
been found, as a crust on weathered augite- 
syonite, mamillated or reniform masses with a 
radially-fibrous structure and concentric band- 
iflj. It contains ZrO, 97 p.c., and has sp.gr. 
6*538. This variety appears to occur in con- 
siderable quantity, and in lumps weighing several 
kilograms. E. Ilussak, in 1899, referred the 
massive form occurring as ‘ favas ’ to badde- 
leyite, but he was inclined in 1903 to regard the 
fibrous variety as a distinct modification of 
zirconia. The latter has recently been sold in 
America under the trade name ztrkite^ and it is 
stated to consist of a mechanical mixture of 
baddeleyite, zircon, and a new zirconium silicate. 
The mineral possesses a high degree of infusibility, 
high resistania to basic and acid slags, low 
thermal conductivity, and a very low coefheient 
of e^ansion. It is thus eminently suitable as 
a renaotory material for the construction of 
oruciUes, muffles, Bre-brioks, and furnace 
linings. It is also employed as an opacifier 


and as an abrasive. (W. T. Sehaller, Mineral 
Resources, U.S. Geol. Survey for 1916, 1917, ii. 
377; A. Granger, Ghem. News, 1919, 118, 115.) 

L. J. S. 

BADISCHE ACID. 2-naphthylamine>8- sul- 
phonic acid. V. Naphthaj^ene. 

BAEL FRUIT. The dried half-ripe fruit of 
Mgle Marmelos (Correa), from Malabar and 
Coromandel ; is used in diarrhoea and dysentery, 
and the fresh pulp is sometimes employed as a 
laxative. 

BAEUMLERITE. A potash-salt mineral 
found as thin bands in the rock-salt of the 
Desdomona salt mine in the Leine Valley, 
Prussia (0. Renner, 1912). It is colourless and 
transparent, extremely deliquescent, and has 
the composition KCl’CaCl*. F. Zambonini 
(1912) has suggested that this is identical with 
flic Vesuvian mineral ‘ clilorocalcite,’ first 
described by A. Scacchi in 1872, and later 
proved to lie cubic and with the composition 
KCl CaCl,. L. J. S. 

BAGASSE, BEGASS, or MEGASS. Terms 
applied to the refuse sugar-cane after crushing, 
j BAKELITE. A condensation product of 
I phenol, cresol or other phenolic bodies, and 
I formaldehyde, paraformaldehyde, liekamethy- 
Icnetctramine, or other substances with a reactive 
methylene group, mixed with asbestos or some 
form of cellulose, and heated so as to convert it 
into a solid infusible resinoid ^ass capable of 
being moulded or worked. 

In the actual manufacture of bakclite 
ordinary commercial carbolic acid, which con- 
sists largely of cresols, is employed, in connection 
with small quantities of various alkaline sub- 
stances, which appear to act catalytically in 
promoting the action of the formaldehyde. 
The first products obtained arc semi-solid resin- 
like bodies which under the influence of heat and 
pressure become hard, insoluble and infusible, 
and of a high chemical and mechanical resistance. 
This initial stage is variously termed ‘ Bakelite A, 
Liquid or Solid,’ Resinil moss, Ac. The final 
product is known as * Bakelite C,’ ' Resinite,* 
‘ Condensite,’ or ‘ Resite.’ It is regarded by 
Baekeland, with whose name the invention and 
commercial application of the substance is 
associated, as a polymerised hydroxybenzyl- 
methyleneglycolanhydride. To form it * Bake- 
lite A ’ is heated in a modified form of auto- 
clave to about 170°, under pressure produced 
by compressed air or an inert gas, such as 
carbon dioxide. Instead of the autoclave the 
Bakelite A, after being mixed with the appro- 
priate fibrous material, may be placed in a steel 
mould, and gradually hardened in a hot press 
during from 1 to 2 hours, at a temperature 
between 1CK)° and 200°. 

Bakelite C in its purest form is a colourless 
or light golden-yellow mass of sp.gr. 1*26. 
It is a ba^ conductor of heat and electricity, 
and a first rate insulating material. It resists 
pressure and shock, but has a comparatively 
low elasticity. It can be heated to 300° without 
change. At a higher temperature it chars, but 
does not inflame. It is non-hygrosoopic, and 
resists the action of concentraM hydroohlorio 
acid, oil of vitriol, nitric acid and bromine. 
It is less resistant to the action of alkqlis. From 
the else with which it can be worked it can be 
used for a great variety of articles, stteh as 
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switch- boards, telephone receivers, armatures, 
and commutators for dynamos and motors, 
phonograph records, mouldings for kodaks, 
photographic developing trays, &c. Also for 
the manufacture of billiard-balls, razor handles, 
umbrella and stick handles, pen and pencil 
holders, cigar and cigarette holders, pipe mouth- 
pieces, ornaments and beads for jewellery, Ac. 
(Lebach, Jour. Soc. Chem. Ind. 1913, 32, 559). 

The conditions of the formation of bakelite 
have been investigated by Matsumoto ( J. Chem. 
Ind. (Tokyo) 18, No. 207), who found that all 
stages of the reactions are greatly accelerated by 
small additions of various substances. The 
best results, as r^ards yield and quality of 
roduct, were obtamed by the use of sodium 
ydroxide and ammonia as condensing and 
hardening agent respectively. Sulphuric acid, 
hydrochloric acid, ammonia, hexamethylene- 
tetramine, aniline, sodium sulphite and sodium 
carbonate were also satisfactory as condensing 
agents, but only basic substances, such as 
alkali hydroxides or ammonia were suitable as 
hardening agents (Jour. Chem. Soc. Ind. 1915, 
34, 1104). 

The General Bakelite Co. has a very complete 
plant at Perth, Amboy, and there are a largo 
number of licensees in the United States ; 
bakelite plants in Germany, France and England, 
and several factories where bakelite goods, such 
as buttons, are manufactured under liceiic e. 

Bakelite is anibcr-yellow when ficshly made, 
but gradually acquires a wme-red colour under 
the action of daylight. If the red colour is not 
too strong it may be discharged by heating to 
100*^-150^ for several hours. This colour change 
has proved objectionable when t.ho substance is 
used for ornamental purposes (imitation amber), 
and has led to its abandonment in certain trades 
(Newbory and Lupton, Manchester Memoirs, 
62 (1918), 13). 

BAKERITE. A liydrated borosilicate of 
calcium, SCaO’SBjOj-eSiOj-dHjO, containing 
B|Os 27 '7 p.c. It is massive and snow-white, 
sometimes with a greenish tinge, and resembles 
unglazed procelam or fine-grained marble in 
appearance. !> 2-73 -2 93, H 4 J. It oo jurs v ith 
howlite as veins and nodules of considerable size 
in the borate mines in the Mohave Desert, sixteen 
miles north-east of Daggett, in San Bernardino 
Co.*, Cahfornia (W. B. Giles, Mineralog. Mag. 
1903, xiii, 353). L. J. S. 

BAKHAR. an artificial ferment prepared from 
rice, powdered roots and other parts of certain 

S lants, by Indian natives, and used in the pro- 
uction of Hindu rice-beer (pachwai), and of the 
spirit distilled from it. It contains many varie- 
ties of moiflds and fungi capable of saccharifying 
starch, of which the most active is Aspergillm 
oryzcB, and several yeasts capable of producing 
alcohol (Hutchinson and Ram Ayyar (Jour. Soc. 
Chem. Ind. 1916, 35, 751). 

BAKING POWDERS are any powders used 
as substitutes for yeast. The bread or cake 
is rendered spongy by the carbon dioxide 
generated in the dough ; this is effected by the 
action of an acid, such as tartaric acid, on souum 
bicarbonate, and some farinaceous substance is 
added to act as diluent. To permit the use of 
discoloiired flour» alum was frequently employed, 
this renders the bread white, but at tb^same 
time indigestible. In 1899 such articles as 


baking powder were * included in the Sale of 
Food and Dru^s Acts, and therefore the use 
of alum or any injurious matter was prohibited. 
All articles are perfectly dried before mixing, 
passed through a fine sieve, and kept in air- 
tight packages in a dry place. To every pound 
of flour, 1 teaspoonful of baking powder is added 
for bread, and 2 toaspoonfuls for cakes. General 
preparations uic t 

(1) 6 ozs. tartario sTiid, 2 oss. sodium bi- 
oar^nate, and 1 *5 ozs. of farina. 

(2) 16 ozs* sodium bicarbonate, 14 ozs, 
tartario acid, and 6 ozs. magnesium oarbonatc, 
and 12 ozs. farina (Workshop Receipts, 1900). 

(.8) 2^ lbs. cream of tartar, 2| 1m. sodium 
bioarl^nate, 1 lb. acid calcium phosphate, and 
4 lbs. cornflour (Pharm. Formula, 1908, p. 322). 

(4) 3 Iba acid potassium sulphate, 1 lb. 
sodium bicarbonate, and 1 lb. of cornflour 
(Pharm. Formula, 1908, p. 322). 

(5) 6 ozs. tartario acid, 15 ozs. croaip. of 
tartar, 20 ozs. sodium carbonate, and 40 ozs. 
rice flour (Workshop Receipts, 1909, p. 90). 

(6) 20 parts aoief sodium phosphate, 20 parts 
acid calcium phosphate, 25 parts sodium 
bicarbonate, and 35 parts starch (Hisooz, 1007, 
102). 

Crampton's powdtr : 2 parts cream of tartar, 

1 part sodium bicarbonate, and 1 part corn 
starch. 

Eumfard*s powder : (approx.) 7 ozs. sodium 
bicarbonate, 14^ ozs. souium phosphate, and 
3 1 ozs. Bturch. 

Royal powder: A mixture of cream of 
tartar, taitaiic acid, sodium bicarbonate, and 
starch. 

QoodalVe powder is a mixture of 2 parts rice 
flour with 1 part tartario acid and 1 part 
bicarbonate of soda. 

Qieen'e powder : 35 lbs. tartario acid, 56 lbs. 
of sodium carbonate, and 1 owt. of potato flour. 

Horsford'e powder consists of 2 packets: (1) 
acid calcium and magnesium phospnates, made 
up with a certain quantity of floiivi; (2) bicarbo- 
nate of soda with a little potassium chloride.^ 

Borwickh powder is an artifioial fermentation 
powder compounded with coarse maize. 

Self-raising four may bo prepared by mixing 
8 ozs. sodium bicarbonate, and 18 ozs. cream of 
tartar with 1 owt. of flour. 

Milk in the solid form, concentrated in a 
vacuum at 50*-60*, was used by Hooker, to 
replace inert farinaceous matter. It is claimed 
to have a better nutriment value and increased 
leavening power : 20 parts tartario 

54 parts milk powder, and 1 put moisture. 
The soda is added before the mila is completely 
dry, then the whole dried and ground finely in 
a mortar (J. Soo. Chem. Ind. 27, 1908). Cream 
of tartar is soluble in hot water, but only slightly 
so in cold, whilst tartario acid dissolves readily. 
Therefore a powder containing cream of tartar 
evolves carbon dioxide much more slowly than 
one compounded with tartario acid. T^his is 
advantageous, as a dough containing it can be 
kept for some time before baking, also it does not 
darken the bread ; on the *otheiuihand, it forms 
Rpchelle salt which has a very slight saline 
taste. The best powders are made from a 
mixture of tartario acid and cream of Artar. 
Good substitutes* for tartario add ate add 
, ammonium phosphate, and add potaadiim 
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sulphate, acid potassium and calcium phosphates, 
but they have a tendency to darken the bread. 
The acid calcium phosphate used in baking; and 
self-raisinj^ flours occasionally contains an undue 
amount of cakium sulphate (J. M. Uamill, 
Report of the Local Gov. Board, 1911, Food 
Report, No. 13). 

Ammonium carbonate is used in very light 
pastries, but it requncs c.xpcrt handling, and 
so is very rarely present in the make-up pre- 
parations. 

BAKUIN. Russian mineral machine oils; 
rcoommended for lubricating heavy machinery 
on account of thc'ir hich viscosity' and gicat 
power of resisting cold (Soifonseid, Zeit. 31, 
360; 32, 378; J. Soo. Chem. Ind. 3, 181). 

BAKUOL. A name given by Mendcl^fl to | 
an illuminating oil, prepared from the crude 
oils of Baku by mixing ordinary kerosene of 
sp.gr. 0’82 to 0*83 ana flashing point 20* toi 
30*, with the so-called intermediate oil, which 
has a sp.gr. of 0*86 to 0*88 at 15*, and is not in- 
flammaolo at 100*. The mixture has a sp.gr. of 
0*84 to 0*86, and flashes at temperatures varying 
from 50* to 70*. From 100 parts crude naphtha 
20 to 30 parts of kerosene and 10 to 20 parts of 
intermediate oil can bo obtained. 

The following table gives the sp.gr., flashing- 
point, and luminiferous value of four bakuols 
examined by Ilimow : — 


sped- 

8p. gr. 

Flashing 
point at 
760 mm. 


Consumption per 
hour in liusslAU lbs. 

/Vm M <1 1 M 



men of 
oil 

at 

17-06 

power 

For the 
iump 

Per 

candle 

power 

^0. 

1 

0*3280 

380 

7-40 

0*0588 

00080 

2 

0*8310 

37*6 

10*40 

0*0633 

0 0060 

3 

0*8360 

30’6 

9*84 

00633 

00064 

4 

0'83i0 

40*6 

8*30 

0*0676 

0*0081 


Literature.* '-Mendeleefff Zeitschr. Teohnik, 
1886, No. 109 ; Chem. Zeit. 1883, 231 ; Bimow. 
ibid. 10, 1459; J. Soc. Choin. Ind. 2, 238; 6, 
661 ; 6, 135 (r. Petroleum, Russian). 

BAKURIN. A lubricating oil, prepared by 
mixing 100 parts of crude Baku oil with 25 parts 
of oastor oil and 60 to 70 parts of sulphuric acid 
of 66*B. After standing the mixture is stirred 
two or three times with water, the water 
run off, and the oil treated with soda or 
potash (Muller, D. B. P. 35141, Dingl. poly. J. 
limn 240). 

BALANOE. A generic term, designating a 
variety of machines for ascertaining the weight of 
a body in terms of the weight, at the time and 
place, of a standard mass (gram, ounce, pound, 
Ac.), and thus determining its mass. By means 
of a balance and a set of ^ weights,* we ascertain 
that a body has P times* the weight of the unit 
piece of the set, and conclude that its mass is 
P times the mass of this piece likewise, whatever 
the chemical nature of the b^y may be. In 
justification of this inference we* might refer to 
Newton’s pendslum Experiments, or to the often 
proved chemical axiom that the wreight of any 
Wy or set Of bodies is independent of the 
state oombination of its eluents. But from 
the standpoint of the ohemist it is sufficient to 
know that, supposing even each element had its 


own factor for converting * weight * into mass, it 
would still follow that* tho weight of a body, 
however complex, is equal to the sum of the 
weights of what in any sense we may call its 
* components,’ and that the ratio of the weight 
W| of a body of fixed elementair composition to 
the weight \Vg of another body of even a different 
fixed composition is as constant, although 
prhafis not equal to the ratio of the masses 
M, : Mf Of all balances the equal-armed lever 
balance, often called * the balance ’ par excel- 
lence, is by far the most important. 

The balance exists in a variety of forms, 
all of which seek to realise the same ideal 
machine. An absolutely rigid beam, so sus- 
pended that whilst it can rotate freely about a 
certain axis (which goes across it somew'hero 
above its centre of gravity, and of which every 
point holds a fixed position in reference to the 
stand) it is not capable of any other motion. 
From two points, a and h, which lie in the same 
plane as the axis of rotation— one near the left, 
the other near the right end of the beam — the 
pans are suspended by means of absolutely 
flexible linear strings, a and h are equidistant 
from the axis of rotation. So far all balances 
are alike. In now passing to the actual instru- 
ment, we shall confine ourselves in the main to 
the class of balances known as precision balances. 

Of the difficulties inyolved in the construc- 
tion of such balances, that of producing a suffi- 
ciently light and yet practically inflexible beam, 
seems to have rested most heavily on the minds 
of the earlier makers; but there can be no 
doubt that many of their efforts in this direction, 
which occasionally resulted in what we should 
now call fantastical beam-forms (hollow ellip- 
soids, monstrous skeleton-forms, Ac.), must be 
traced back to their inability to reach a sufficient 
degree of precision in the geometric adjustment 
of the three pivots, and to their charging against 
the flexibility of the beam what was really owing 
to these defects in the adjustment. As these 
difficulties were overcome, beams assumed less 
fantastio forms. Sacr^ of Brussels, we believe, 
never uses any but plain rod-shaped beams (only 
perforated in the middle to insert the bearing 
of the central knife). Most balance makers, 
however, prefer the form of a largely perforated 
rhombus or isoscolos triangle (cut out, virtually, 
of a plate of metal), and thus attain all that is 
needful without offending the eye by unduly 
stretching the middle section, and without using 
anything more intrinsically rigid than hammered 
brass or some kind of bronze. In reference to 
ordinary chemical balances (for charges up to 
say 100 grams), it would no great exag- 
geration to say that any reasonably made beam 
is sufficiently rigid ; only in the case of balances 
intended for very high charges, such as 5-10 
kilogrammes, is it at all Worth while to employ 
refinedl^r designed beam-forms, or to look out for 
a material of exceptionally high rigidity. For 
these particular bonces hard steu would be 
the best material; but, unfortunately, steel 
beams are apt to become magnetic. With small 
assay-balances intended for charges up to, say, 
5 grams, on the other hand, the question of 
rigidity is praotioally out of court, and the use 
of an exceptionally light material— such as 
alumiftium, or, better, that alloy of 05 pa^ of 
aluminium and 5 of silver (wmoh Sartorius of 
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Gottingen uses for small balances generally) is forms a oircle of relatively largo radius whioh lies 
indicated.' In all balaocea the axis of rotation entirely outside the bodv of the beam. This 
is realised in a straight knifc-c^go ground to a sykom, compared with tnoso considered in the 
prism of hard material, which is firmly fixed to sequel, offers the advantage of easy adjustment, 
the beam, traversing it crosswise and resting on It used to be very popular withjMdance makers, 
a barcfbearing. In ordinary balances the miudlo and many excellent instruments have been pro- 
knife is simply driven through the beam, and duced with it especially by Delenil of Paris. l‘’or 
only its two ends are supported in cylindrical, small assay- balances it is indeed probably as 
or, what is better, roof- shaped bearings, which good as any other that could be named ; for 
form secures to the ed^ a suffieiont fixity of balances intended for higher charges it does not 
position, forward and hack sliding being pro- possess suffieiont durability, although, as the 
vented by cutting off the entls of the knife writer is able to say from his own experience; if 
obliquely, so that the edge, terminates fa two well made, it lasts better than is generally sup- 
points, and closing the bearing at each end by posed. In modern balances it is rarely seen; 
a steel plate, so that the knife has just room be- in these, as a rule, the pans are suspended from 
tween without jamming. In suspended balances long straight knife-edges, similar to the central 
the central bearing is fixed at the lower end of a one, by means of broad bearings which, of course, 
light framework, terminating above in a hinged- must be arranged so that they neither twist nor 
on ring for suspending the instrument from a slide. A very efficient and easily made arrange - 
fixed hook or the thumb of the operator. ment is to give the bearing the form of a root 

In all precision balances the central bearing out and of one side of a prismatic block of itcol 
is attached to a fixed pillar, and is plane ; in the or agate, and to fix it to the upper end of a 
best balances the bearing is made of one piece, stimip-shapcd or ‘^-shaped holder which for- 
and the central knife-edge rests upon it in its mfaates below in an eye, from which the pan 
entire length. A piano bearing necessarily in- is suspended by a suitable hook. The eye stands 
volvcs an arrestment so constructed that, besides at right angles to the knife-edge ; its working 
doing its primary duty, it assigns to each point point, when the instrument is in use, lies vorti- 
of the central knife-edge a fixed position on its cally below the centre of the respective end-edge, 
bearing. In former times hard steel was used and the effect is the same as if the w'hole of 
exclusively for both knives and bearings ; sub- load were concentrated in that one centre-point, 
sequently agate bearings came to be combined although the pressure of the bearing on the knife 
with steel knives. Robinson of London was is equally diatribulod over the whole of its work- 
the first to make both knives and bearings of ing length. I'his hook-and-cyo arrangement is 
agate. The agate knife adds nothing to the pro- absolutely indispensable if the pans are suspended 
cision of a newly-made balance, but it always by stiff stirrups, because, if these wore rigidly 
remains clean, while a steel knife, in a chemical connected with their bearings, the virtual point 
laboratory more especially, is apt to rust. Steel of application of the load would shift forwards 
knife-edges are generally ground to an angle of and backwards on the edge, and the least want 
60® (or 90® for very heavy charges). In agate of parallelism between it and the axis of rotation 
knives, as made by Ocrtling, only the body of would cause the balance to give inconstant 
the agate prism it ground to CO®, while the edge readings. 

is formed by two narrow facets, inclined to each These roof-shaped bearings wore formerly 
other at a far more obtuse angle. Such an used almost exclusively by German makers, 
obtuse edge stands many years’ constant use although an uudoubtetUy supoijor system had 
without wearing out. American makers have been introduced successfully by Robinson of 
introduced the artificially made osmium-indium, London many years ago. In it the pans 
which is used for the tipping of stylograph (lens, are suspended by plarie bearings which a 
as a material for both Imives and bearings. ^ suitable extension of the arrestment keep% in 
For the realisation of the two point- pivots a their right positions. Robinson’s balances 
and B, a great many combinations have been were justly famous in Great Britain — a few 
invented. A now obsolete construction of of them are still working to this day — yet, 
Weber’s (Bib. 2) adapts itself very closely to our after Robinson’s death, Ocrtling was almost the 
ideal conception. He provides the beam at its only balance maker who followed him in this 
two ends with knife-edges turned sideways and respect. The general pica against the system 
suspends the pan^by means of threads of unspun was that fiat end-bearinss wore liable to f 
silk which are fixed somewhere in the back of the and some, after having adopted Robinson’s plan, 
beam and hang over the edge. The axis of * impoved ’ upon it by cutting out a central 
rotation is realised similarly. In ordinary portion of each end-knife, so that it worked only 
balances, as a rule, a vertical slit is cut into each with its two ends ; proving thereby that they 
end of the beam, and this is traversed by a short did not understand their business, because a 
prismatic Imife, the edge of which is a circular really plane bearing, as a matter of fact, does 
arc of small radius which stands perpendicular to not twist on a realfy straight knife-edge, even if 
the line ab. From each such knife the pan is the pan oscillates strongly. The principal 
susjranded by moans of an 8 or 2-Bhapea steel advantage of the Robinson system is that it 
ho<^ This construction, if well executed, may enables one to do what the roof-shaped bearing 
afford high precision, but the suspender-hook prohibits, namely, to satisfy himself that the 
is apt to rub against the sides of the slit in the knives and bearings are*geoxnetrioally perfect, 
beam. Hence, wherever the hook-and-eye ^ut here, as in all anabgous ones, we must not 
arrangement is adopted for precisioD balances, torget that the excellence of an instrument — 
it is modified in this sense, that this knife-edge supposing it to be based on a reasonable sntem — 
^ For a fuller discussion of this subiedlk v. the depends far moss on the skill of the maker than 
writer’s Memoir (Bib. 9, 822), on the theoretics] perfection of the dealgn. 
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I'rom tho bare icalisation of the ideal 
machine, we now pass to the accessories which 
a balance needs in order to become a convenient 
instrument, and wo will consider those in the 
order of their iinnortance. 

The. arreatimni is a mechanical contrivance 
to enable the beam to be arrested at any point of 
its angular motion, and to bring it to permanent \ 
rest in its * normal * position, in which the plane 
of three axes stands horizontal. If the three 
pivots are self-adjusting, there is, strictly B[)cak- 
ing, no need of an arrestment ; still for the rapid 
execution of precise weighings it is almost 
indispensable. 

Tr tho central bearing forms pait of a sus- 
pended frame, an arrt*''tni(*nt is easily devised in 
tho ways illustrated by Figs 1 and 2. Fig. 1 , 
explains itself ; in Fig. 2 | 
tho balance is hinged i 
on to the bent-down I 
end of a flat bar which 
shdes up and down 
in guides fixed to the 
pillar between two beds 
of rollers 2x2 in the 
guides on tho front side 
(if tho bar, and one 
which is pressed against 
its back by a soring. 
At its lower Gtia tho 
bar has a small wheel 
whicli rests on tho 
hlioitcr end of the 
plunged lever by means 
of winch the balance is 
raised or lowered. A 
small vorticjal adjusting screw below the shorter 
end (d Ihe lever delmes tlu( l()v\(*'.t position of the 
bar at which tho pan-, just touch the table { 


Mes>r8. Bcckei 's Sons, Rotterdam, this system of 
arrestment ls realised to perfection. 

The system needs only be slightly modified to 
adapt itself to the case of a plane central bearing, 
but we ])refer to at once (lass to the case of three 
plane bearings, and in dcing so cannot dorbetter 
than describe a balance (for charges up to 6 
kilos.) which Mi*. Oertling made for us some years 
ago. shown by Fig. 3, the mstrument rests 
on three pillars standing on a hollow squaie 



without slackening 
tho chains. In 
either case it is an 
improvement to 
suspend a heavy 
block of metal at 
the lower end of the 
frame, to compel it 
to hang plumb, and 
to hinder it from 
oscillating. The 
specific advantage 
of 8 impended bal- 

J aiu'c.*, IS that they 
need uu horizontal 
talile or levelling 
screws at the board 
on which they may 
bo erected. But 
pillar- balances are on tho whole more con- 
venient. Ill the case of these (supposing 
piano bearings to be absent) a good system 
18 to fix the central bearing to tho top of 
a rod which slides up and down within tho 
pillar— properly guided to prevent shaking and 
rotatory motion — and, with its lower end, rests 
Oil an eccentric concealed in the solo and governed 
by a lever- or disc shaped handle. The eccentric 
must be so adjusted that when it is at one of its 
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block of iron which conceals the eccentric. 
Firmly fixed to the top ends of the pillars is a 
substantial brass frame which terminates at its 
two ends in V-shaped supports for the end- 
bearings. These latter are agate plates cemented 
each to the horizontal bar of a kind of stirrup, 
the bar terminating on each side in a cylindrical 
steel pin which, wlicn the balance is at rest, lies 
in the corresponding V of fhe frame. The 
central pillar conceals a movable steel rod, pro- 
vided at its lower end with a wheel which rests 
on the eccentric. Its upper end carries a sub- 
stantial brass block w*hich divides into tw'o short 
piers above, whilst it expands below into a 
horizontal plate, pierced by a circular perforation 
near each end. Ibese perforations fit exactly 
around two cylindrical steel pins, r, r, fixed to the 
top plate of the pillars, so that the rod, when 
moving up or down, cannot turn or shake in tho 
slightest degree. The space between the two 
piers 18 briclged over by the central bearing, a 

E lane agate plate fixed to a prismatic piece of 
rass, which is dovetailed into the tops of the 
piers, so that, while perfectly steady when in its 
place, it can without much effort be slid out or in 
(Fig. 4). It is inserted while the beam is being 
held in its intended position and passes through 
a large perforation in the beam into which tne 
middle knife projects. The beam terminates at 
its left end in one, at its right end in tw'o, horizon- 
tal steel pins whose shoulders are continuous but 
rapidly expanding surfaces of rotation, and these 
pins fit, the single one into a notch, the couple 
into a fork, forming partrof the fixed arrestment 
frame. In the arrested balance each bearing 
is almost in contact with its knife ; if the 

eccentric be now turned, the central bearing 
1 1 1 11 . ® 


niusi DC BO aajubtea mat when it is at one of its^ rises and lifts the whole, beams and end- bearings, 
extreme positiims, the pans just touch the board*^ to a greater or less height, and ultimately into 
and no £iore, while, when it is in its other extreme that nuudmum height at which the eccentric 
Dosition, the beam is at ite maximum angle of standi %ti]l without being hdd in its position, 
free play. In the excellent Tartrwad^en of i If tho ocoentrio be now turned the other wav. 
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both the beam and the end- bearings fall back, 
uitimately, into their prescribed positions of 
roKt, ev^en if they should have twisted, which, 
however, they never do in the instrument 
under description. For a balance intended for 
quick work, and more especially for one used 
occasionally for the weighing out of predeter* 
mined quantities of solids or liquids, this system 
of arrestment is the best that we know of, be- 
cause it enables the instrument to be handled 
pretty much like an ordinary pair of scales ; only, 
to be able to do so to the best advantage, and 
without spoiling the terminal pivots, the pans 
must be suspenaed by flexible short-linked chains 
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whose length is so adjusted that the pans just 
touch the table when the balance is fully arrested. 
Stirrup- shaped pan -suspenders (as represented 
in the figure) are more convenient than chains 
in many respects, but, for the purpose under 
consideration, they do not w'ork with plane end- 
bearings. The ratchet-wheel visible in the figure 
was intended to enable the eccentric to be 
arrested at intermediate positions (in taring with 
garnets and similar operations) but was found 
not to work satisfactorily ; it is simpler and 
better to have a block of wood so adjus^ that 
when put under the handle it just raises the 
beam sufficiently to enable one to see wh>h side 
goes down. 


III. Beet ion through pillar and middle knife ; 

IV. Horizontal projection. 

Fio. 

system, indeed, is generally prSerred for pre- 
cision balances of a higher order. 

The kindness of Messrs. C. Staudinger's 
Nachfolger of Gitessen, Germany, enables us to 
j give a (Tetailed description and drawing of the 
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kind of movable frame arrestment which they 
arc in the habit of applying to their best instru- 
ments. 

As shown by Fig. 0 (I. to IV.) the pillar is 
hollow and accommodates a round bronze rod w. 
This rod itself, however, conceals a co-azial 
round rod l of nickolled steel. The bronze rod 
F, at Its lower end, is guided by perforn ted blocks, 
e, e. Fig. 1., while at its upper end it terminates 
in. a thinner cylinder surrounded by a gently 
acting spiral spring n. Thifhead of the pillar is 
perforated and guidis the attenuated end of v in 
Its up-and-down motion. The inner (steel) rod, 
L, is guided similarly within the bronze rod f 
and has a spring », Fig. II., about its lower 
end to assist its natural tendency to sink. The 
two rods F and l carry two independent arrest- 
ment-bars ; L the bar T, for the end-bearings, F 
the bar T| for the beam. 

A square pillar k (Figs. III. and IV.), which 
rises from a prolongation of the head of the stand 
pillar s, by passing through perforations in the 
two bars Tj and t^, prevents any motion of 
these about the axis of their rods. As showg by 
Fig. IV., an adjusting screw, passing through the 
bar, and a flat spring t oq one side of the square 
perforation of the bar (T| or t^), enforce steadi- 
ness of motion. 

The upright pins g g {!.), which arc tipped 
with Hharp agate cones, arrest the cudrboanngs 
by rising into corresponding conical liollow.s in 
the latter. (Fig. 0, though taken from an 
Ocrblmg balance, will give 
an idea of the way in which 
these pins work.) The two 
r slanting linos O 0 (Fig. 1.) 
are meant to indicate 
two supports, which pass 
Q through slots in the pillar s 
Fio, 0. ^x-^d the bronze rod r, and 

ore fixed to the inner rod l, 
to lend additional rigidity and steadiness of 
motion to the end- bearings anostmont. 

The arrestyient of the beam is effected by two 
adjustable piers z rising from the bar of the 
bronze rod. The tops of these piers carry roof- 
shaped agate bearings, in which the arrested 
beam lies with its lower (bevelled) edge. This 
would be sufficient to keep the beam from turn- 
ing. To hinder it from moving progressivelv, 
there is a horizontal frame l (Figs. llL and IV.) 
united with bar bv two little pillars a, o, and 
carrying two agate bearings, « roof-shaped one 
at the hinder end and a plane one at the front end 

the middle (agate) ^ife. The roof-shaped 
bearing receives that end of the middle knife 
as the roof-shaped bearing of an ordinary 
balance would (so that by it, and the two beam- 
supports, three points or the arrested beam are 
fixed in prescribed positions) ; the ^lane bearing 
in front only supjports the knife as it rises up to 
it on arresting. This plane bearing is adjustable 
by means of a screw, so that the arrested central 
knife-edge can be made rigorously parallel to 
the fixed central bearing of the working in- 
strument. 

There are three «?ooentrios, all attached to 
the same axis Ad governed by the same han(Ue 
(Fiff. II. ), one, a, for the bronze rod f, a secona, 
B, fosrthe inner steel rod L, and a third, 0, for 
a pan-arrestment, whose mode of acting will 
readily be seen by a glance at Fig. L When the 



, handle stands so that linep (Fig. I.) is vertical 
' the beam is arrested ; after this point has been 
passed, the beam-supports remain at the same 
altitude, but, on turning the handle furtber, 
bar Tj is raised to lift the terminal bearings as 
soon as line q stands vertical. The last third of 
the motion of the handle arrests the pans. 

The principal feature in Messrs. Staudinger*s 
Nachiolger’s arrestment obviously is the rela- 
tive independence of the beam-arrestment and 
I of the end- bearings arrestment. In most 
; other movable frame systems there is only one 
, frame for both, and thincs are arranged so 
I that the middle edge is hela fast after the end- 
I bearings have been lifted by a hair’s breadth, 

I and that the upward motion comes to an end as 
j soon as the miadle knife is just visible above its 
{ bearing. A refinement upon this construction is 
! to merely effect the three contacts, and then, by 
' means of a special eccentric, to let the middle 
bearing drop through a distance of 0*1 or 0*2 nnn. 

I Whilst all the several points of a rigid though 
j movable arrestment- bar move up ana down m 
; vertical straight lines, the end-edges of the vibra- 
ting beam describe circular arcs. Hence when- 
I ever the bar is raised against the slanting beam, 
the end- bearings ttnd to slide over their knives 
' and to spoil them. To preclude the possibility 
I of this, Becker ft Sons, in their finest balances, 

' make the bar for the end bearings arrestment of 
I two halves which are hinged on to the pillar in 
!or very near the axis of rotation. Sartorius 
adopted this system and brought it into a slightlv 
I different form, regarding which wo refer to Bibl. 

1 4, where it is illustrateu by a drawing. 

I In a balance which has only plane bearings, 

. no kind of arrestment, of course, will give satis- 
faction, unless its several parts, and also the 
pillar and the sole, are sufficiently substantial to 
ensure absolute constancy of configuration and 
absolute steadiness of motion even after long- 
continued use. The old masters used to pay great 
attention to this important point, but it is sadly 
neglected by the majority of their present suc- 
cessors. 

In a balance of which the end-pivots are self- 
adjq^ting, the movable arrestment frame 
assumes a very simple form. All that is needed 
is a small frame bearing V-shaped notches for 
arresting the middle knife in a prescribed 
position, and fixed to a horizontal bar with two 
projecting pins, in order, at the same time, to 
support tne beam in a horizontal position. As 
these pins have no other function, the bar may 
be very light, and the whole system need not 
have that ab^lute steadiness of motion which 
is indispensable in the case of plane end- 
bearings. 

The needU and scale serve to define the 
angular position of the beam. In all modem 
precision balances the needle points downwards, 
and is meant to embody a straight line passing 
through the axis of rotation and standing per- 
pendicular on the line connecting the two point 
pivots A and b. The scale is attached to the 

E illar ; its zero, if the stand is properly levelled, 
es vertically below the axis of rotation. To 
enable the stand to be levelled, there must be 
either a plumb line or two .spirit levels fixed to 
ihe piOar, and so adiuated that when they point 
to thttr zeros, the Ibe connecting the zero of 
the scale with its projection on the middle 
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edge is vertical. The scale should be so gradu- beam, and thus to establish any desirable degree 
Bted that the needle-line, if produced, would of sensibility. 

out, not the circle described by the needle's A bob thus constructed meets all the require- 
referenoe point, but the horizontal tangent to ments of the balance maker, but for the chemist 
this circle, into pieces of equal length (v. infra), who uses the balance it is desirable to have an 
In most practical cases, however, this comes to arrangement which enables him at a moment's 
the same as saying ' into pieces of equal angular notice ^ establish any predetermined degree of 
value.' In balan^s provided with a fixed arrest- sensibility. Such an arrangement was invented 
ment frame the scale should be made to move up by the writer some years aj^ (Bibl. 8 and 0). It 
and down with the beam, so that its position in consists of a small bob fixed by mere friction 
reference to the needle remains constant. In to the upper end of the needle, which at that 
most balances the end-point of the needle is part has the form of a triangular prism, and 

{ 'list clear^of the upper circular edge of the scale, is provided with a graduation. The mode 
mt it is better to make its lowest portion almost of standardising the sciue is explained below, 
linear, and let this project over the scale and j Some arrangement for establishing perfect 
almost touch it. | equilibrium in the unloaded instrument is re- 

The rider. — Small weights are difficult to ' quired. A small bob screwing along a horizontal 
handle and easily lost. To avoid this incon- j wire fixed to some convenient part of the beam 
venience, Berzelius conceived the happy idea of answers best. Less convenient is a * vane,* 
dividing the right side of the beam, or rather the | meaning a little movable horizontal lover at- 
horizontal lever arm corresponding to it, into ten ! tached to the lowest point of the wire, which 
equal parts, and substituting one rider weighing carries the ordinary gravity-bob, or to the 
ten centigrams for all the centigram and milli- 1 upper part of the needle. To understand tlie 
gram pieces of the set of weights. Obviously the : woiking of the vane — and at the same time that 
rider, when suspended at the first, second, Ac. of Hempcl's invention above referred to — sub- 
mark from the centre, acts like 1, 2, Ac. oenti-| stitute for the vane nn equivalent rigid line 
grams placed in the pan, and it is equally obvious | (Fig. 7). If tho vano-line stands in the position 
that evexy tenth of a division on the beam corre- ; 
spends to one milligram of additional weight. 

This system was universally adopted and is still | 
in use, only with this qualification, that we now • 
apply it to the counting of the milligrams by | 
means of a rider weighing ten milligrams. The | 
reason for the ^change is obvious. In most 
balances tho points 0 and 10 of the rider-scale j 
are inaccossiblo. Becker A Sons avoid this i 
inconvenience by dividing the arm into twelve 
parts, and supplying a rider weighing twelve 
milligrams. Other makers, for instance, Messrs. 

Verbeek A Peckholdt, of Dresden, make the top 
bar of their beams exactly horizontal, ancf, ; 
besides keeping it clear of impediments,, make it i 
project beyond the terminal edges. One of tho 
advantages of this system is that, in tho case of 
a short boam, it enables us to double the degrees 
of the rider scale, by dividing each arm into only 
five (integer) parts, numbering these from the 
left knife onwards and using a rider weighing Piq. 7 , 

five milligrams. Only, if we do so, the rider 

suspended at the zero must be counted part and 00 — t.r., if it is parallel to tho middle knife — it 
parcel of* the instrument. Bunge provides a adds no weight to either side, if turned through 
special rider- bar so contrived that the path of 90* into position O (10), it virtually adds, let 
the rider lies in the plane of the three axes. This, us say, 10 milligrams to the charge of the right 
theoreticaUy, is the most perfect arrangement. pan. Divide the line 0 (10) into ten equal parts, 
A rider arrangement, to be complete, must be erect an ordinate in each point, and you firm 
supplemented by a mechanical contrivance cn- points 0, 1, 2, 3, Ac., of the circular path m the 
abling one to shift the rider while the balance end-point of the vane, to which the vane-line 
case is closed, and to do so with greater rapidity, must point, if the virtual addition to the right 
case, and certainty than would be afforded by a pan is to bo equal to 0; 1, 2 .... 10 milligrams. A 
forceps, supposing the case to bo open. Rider- glance at the figure shows one weak point in the 
guides fulfilling this latter condition are scarce ; vane contrivance. There «, however, no need 
even with the best the rider drops down occasion- of our dividing the circular limb exactly in the 
ally, and has to be searched for. way of our figure. We may, for instance, place 

To avoid this source of annoyance Hem pel does the zero at the — 7 and tho ten at the -|-7 of our 
away with the rider and substitutes for it a vane figure, divide the interval between the projeo- 
with a limb g^uated into milligrams (v. infra), tions on line (10) (lU) of +7 and —7 into ten 
The gravity hob — a small button or disc of equal parts, and so adjus^the g^s of the vane 
metal so attached to a wire standing vertically |nd its distribution that, by tuning it from the 
on the top of the bqam exactly above the axis of new zero (at —7) to the new * 10 * (at +7), we 
rotation that it can be screwed up and down virtually add 10 milligrams to the right •barge, 
along the whole range of the wire. It wnables The degrees, corissponding each to 1 milligram, 
one to raise or lower the centre of gravity of the then become so nearly equal to one another that 
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the gubdivuion of each into ten parts of equal 
angular value is permissible. 

Tub Thboby or thb Balanob. 

For a first approximation imagme a balance 
which is ideally perfect, and assume it to be 
charged with r grams from the left a^ with 
P grams from the right point pivot. 'The 
balance, when free to vibrate, can remain at rest 
In only its normal position, and if brought out 
of it will vibrate about it as a pendulum, because 
the two charges are equivalent statically to 
one heavy particle weighing. 2P, situated in 
the central Imife-edge. Now, put a small over- 
weight A on, say, the right pan ; the position of 
potential rest shift, and the beam, to reach 
it, must turn (downwards on the right side) 
through a certain angle a, which depends only 
on A and on the weight W of the empty beam, 
which latter we may assume to be concentrated 
in its centre of gravity c, the force 2P being 
obviously out of consideration. But the two 
weights, A at 5 and W at c, are equivalent to a 
point weighing W+A and lying on the straight 
line ob at a point o', not far from c. The new 
position of rest is gained as soon as o' lies verti- 
cally below the axis of rotation, or, to put -it 
in other words, the right side of the beam goes 
down until the leverage of A is so far reduced 
and that of W has so rar increased, that«the two 
momeiUa atalica arc equal to each other. 

Imagine now iho axis of rotation Moro shifted 
vertically upwards through a small height h, but 
remained parallel to itself. The imaginary point 
Weighing 2P now, as soon as the beam turns, 
haa a lover and helps the weight W ; the beam 
will turn through a less angle a' to gain its new 
position of rest, and, supposing 2P to increase, 
«' becomes loss us 2P increases. 

Imagine now the axis of rotation to be 
shifted downwards towards the ceutro of gravity. 
The heavy point weighing 2P grams now helps 
Af and the angle whicn separates the two 
positions of rqst will become greater than the 
original angle ; the greater 2P tho greater u ill 
bo tho actual angle a". But the two weights, W 
concentrated in c, and 2P concentrated in the 
centre of the line a6, taken jointly, are equi- 
valent to one point c' weighing W-f 2P grams, 
and situated on the straight line connecting the 
two points ; and supposing 2P to increase 
gradually from nil onwards, o', in the second 
case, will rise and rise, and at a certain value of 
2P fall mto the axis of rotation. The balanco 
than^.has no definite position of rest ; and if o' 
rises still higher, the balance upsets. However 
small an overweight A may be put on either side, 
the beam would have to turn upside down to 
reach its one (theoretical) position of stable 
equilibrium. 

The balance maker of course takes care so 
to adjust his instrument that even if the sensi- 
bility is at tho highest value which the balance 
is meant to afford, and the two-sided oharge 
2P at its maximum likewise, the centre of 
gravity of the whole system lies on the safe side 
of the axis of rotation. 

Assuming tins condition to be fulfilled, the 
balance to be exactly equal armed and to Be 
charged with a pan weighi^ grams and a 
load o£ p grams on each sidq, the angle a of 
deviation is governed by the equation 



where I stands for tho arm-leogth, a lot the 
distance of the centre of gravity of the empty 
beam from the axis of rotation, and h for the 
distance of the axis of rotation from the plane 
of the two end-edges, the axiAoing assumed to 
lie above the plane. In the opposite oase h must 
be assumed to be negative, or the plvs sign 
before the second term in the denominator be 


replaced by a minus aign. But Iga'iM the ratio 
of the absolute length of scale (measured tan- 
gentially, v. supra) correspondmg to angle s to 
the distance 1 of the tangent-zero from the axis 
of rotation. Hence we have 




where, supposing I to be measured in tangential 
scale degrees, n may be read as meaning the 
number of degrees through which the needlo 
turns in consequence of the addition of A. The 
product condensed into * £ ' we will call the 
^^sennibility.* 

Tho reciprocal of £, i.e. the number 

is the weight- value of 1 degree of the scale 
r# 

— t.e» the particular A which makes »»]. 
With a precision balance the milligram is a 
convenient unit for A. 

For a balance provided with the writer's 
auxiliary bob, eq. (2) may conveniently be 
brought into the form 

^ = F-i - + S') I2a\ 

-=L - . (2o) 

where h is the weight of the bob and I'be 
distance of its centre of gravity from the axis of 
rotation ya, being that distance which prevails 
when the bob is at its highest (zero) position. 
In a well -made balance tho influence of P on £ 
is small f we may therefore assume the P of tho 
equation to be some average value, and, con- 
tracting constants, say, the weight- value of one 
degree is 

E-*-A-fBy . . (2) 

where A and B are constants ; A obviously being 
that value which assumes when —S 

IS easily determined by one trial at y»to its 
maximum, and the scale thus standardised. 

The theory of the rider might bo allowed to 
take care of itself if in general practice the 
rider's path exactly coincided witn the plane 
of the tkroj axes. But such is not the cose : 
this path, as a rule, lies above the plane, and 
each mark at its own altitude H. Let ua there- 
fore assume that, after the balance had been 
charged with P on each side, a rider weighing 
p had been suspended at a point of the Mam 
corresponding to the fraction kl of the arm- 
length (at the 101;)*^ mark counting from tho 
centre). If the beam stand horizontal, and a 
weight kp be placed in the opposite pan, the 
beam will remain in equilibrium, because we 
have l{pk)*^p(kl) whatever H may bo ; the rider 
where it is and ^e cha^e kp (virtuaUy) in the 
left knife-edge are conjointly equivalent to a 
fixed point weighing kp+p, and lutuated on the 
straight line joining the Wt edge and the point 
(lOir) where we rider is. And this equivaienoe 
holds ror the slanting beam as weU^ and is inde- 
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pendent of P. But the sensibility of the beam 
with the rider on is evidently greater than It 
was with the rider off. SUtically speaking 
the weight of the beam and the two oharg«» P 
and P are equivalent to a fixed point C# weigh- 
ing W'*sW+2P» and situaM vertically below ! 
the axis of rotati^ at a distance So» and this 
particle, conjoinl^ with the one embodied in 
the rider, is equivalent to a point weighing 
and situated on the straight line 
between Cq and the point where the rider sits. 
ReferriM to a system of rectangular co-ordinates 
whose it-axis passes through the centre of the 
central edge and is parallri to AB, and whose 
Y-axis passes through the same centre, we have 
for the position of the resultant point the 
equations 


x(W' -f p) = Ikp ; and v(W' + p) = W'So - pH 

= = } . . (4) 


We see that if H be constant — i.e. if the rider- 
path be parallel to the plane of the three axes — 
iga is nroportional to the overweight kp virtu- 
ally add^ to the charge of the ri^it pan ; but 
it is as well to notice that the tga of our equation 
is different from the (fga)o which is brought 
about if, instead of hanging the rider on the 
(lOib)'^ mark, we actually put kp units Into the 
right pan. Obviously 


- S'nd less than tga 


With a rider weighing only 10 milligrams, and, 
say, a hectogram balance, the term pH in the 
denominator comes to very little, but with a 
rider of ton times the weight it (as a rule) oan 
no longer he neglected ; such a rider cannot 
conveniently be used unless H is constant and 
the rider must always hang at the balance (at 
its zero, over, say, the central knife when it is 
not UB^ as a weight), or else the sensibility 
has one value with the heavy rider on and 
another with the rider off. Another requisite is 
that notches cut into the beam bo substituted 
for mere marks, and that the rider have a sharp 
edge to give sufficient constancy of position to 
its point of application. 

From what we have said so far, it would 
appear that in a balance provided with a gravity- 
hoD we can give the sensibility any value we 
may fancy. And so we can, hut it does not 
follow that we can command any desired degree 
of j^ecMion. Because the three edges and 
bearings are not what they ought to he, and, 
as a little reflection shows, the effect of their 
defects is the same as if, say, the length of the 
right arm, instead of being at the constant 
value {, oscillated irregularly between l—\ and 
l+kt where \ is a ve^ small length, which 
increases when W and P increase, but is inde- 
pendent of 1. And this again is the same as 
u A were nil, but the charge of, say, the right 
side, instead of being at a constant value P, 
xaxidd irregularly from P— f to P-ft. In a 
given balanoe charged with a given P at each 
side « is constant^ hut the cof^ponding angle 
of deviation $ varies when the sensibility varies. 
Within this angle 0 the balance is, so to say, in 
a state of indifferent equilibrium. By going a 
little more deeply into the matter, w# easily 
satisfy oursriives tnat, even allowing for the foot 


that we cannot substitute a longer for a shorter 
beam without increasing the beam-weight, c will 
increase when I becomes less. In a balanoe 
meant to afford a certain degree of precision, 
we cannot allow the arm length tp fall below 
some (very uncertain) value of U, 

A glance at eq. (2) would show, if it were 
not clear without it, that, if the three axes lie in 
exactly the same plane— «.& if hmiO — the sensi- 
bility becomes independent of the charge, 
which is a great convenience. But h obviously 
cannot be equal te nil at all charges ; honoe in 
the case of the best instruments it is regulated 
so that it has a small negative value when only 
the pans are suspended, and, by the unavoidable 
deflection of the beam, becomes ml at some 
suitably selected medium charge, so that, from 
this charge upwards, it has small positive values. 
That such a degree of preoision cannot be 
attained by purely constructive methods goes 
i^ithout saying ; indeed, any precision balanoe 
requires to he * adjusted ’ before it is fit to ^e 
used. For this purpose the value of the h oorre- 
sponding to the medium charge and the ratio 
of the actual arm-lengths I ' : r must be deter- 
mined and the errors h and ^,—1 corrected. 

For the ffireet geometrio measurement of h 
special apparatus nave been constructed, which, 
in their present form, we believe, afford a suffi- 
cient degree of precision ; hut the final test 
always is (or at least was until lately) at a suit- 
able position of the boh, to determine the weight- 
value of one degree of deviation for a series 
of charges, say, p^O, 60, 100 grams, &o., up 
to the maximum charge which the balanoe is 
intended to measure ; and to at least virtually 
calculate the corresponding values h by moans 
of eq. (2). Wliother h is positive or negative, 
is of course seen from the values E*"* without 
calculation. Supposing now h has a greater 
value than oan oe tolerated, one of the Imives 
must be lowered or raised until at a certain 
medium charge the three edges sire as exactly 
as possible in one plane. Most mechanicians 
provide adjusting screws for this purpose whic'h 
enable one to work in a systematic manner. 
Some, however (for instance, Becker ft Sons, 
following the example of Doleuil), prefer to fix 
all the knives definitely and to alter the form 
of the beam itself by means of the hammer. If 
the central edge has to be lowered, the lower 
bar of the beam is struck (on both sides) ; if it 
is to be raised, the upper bar is struck, untU the 
correction is presumaDly almost but not 
completely enoeted. The values £** are then 
a^ain determined, and if they are not' suffi- 
c^ntly near one another, the hammering is 
renewed until the adjustment Is perfect. In a 
similar manner (or by jneans of adjusting 
screws) the two arms are made equal to each 
other. The tqgt here is very simple. The 
balance, after having been brought to the 
highest deme of sensibility which it will stand 
at the highest charge P, is charged with exactly 
P grams on each side. The longer arm goes 
down, and by determiiflhg small over- 
weight which must be added to the other side to 
estin>lisb equilibrium, we can easily determine the 
ratio V : I" numerically. All theim odjuiiments 
ase effected by t& mechanioian, and when once 
effected are mud. Some meohanieians-— for in- 
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stance, the Beckers— fix even the centre of 
gravity, but this is a mistake. A balance, to be 
complete, must have a movable * bob * to enable 
the operator to give the sensibility that value 
which suits him best. What degree of sensi- 
bilitv should we choose T Answer : In general, 
the lowest degree ^ hich suffices for the purpose 
in hand. Supposing, for instance, we can neglect 
the halLmilligram, it is of no use to screw up the 
bob any higher than necessary for rendering 
tlio angle of deviation corresponding to 0*5 mib 
ligram conveniently visible and no more, because 
the less the sensibility, the greater the range of 
weights determinable by the method of vibra- 
tion, the greater, as is easily shown from eq. (2), 
the relative independence of the sensibility from 
the charge, and last, not least, the less the time 
of vibration, 'i'he time of vibration can of 
course not be allowed to fall below a certain 
minimum, or else the centres of gravity of the 
charges will not be able to follow the oscillations 
of the beam with suniciont promptitude. But 
this clause, with largt'r balances wrought at high 
precision, usually takes care of itself. The 
exact relation in a balance bet u con the time of 
vibration t (in seconds) and the sensibility £ is 
given by equation : 

<*«=j|,{iW + 2P|.E . .(6) 

where R is the length of the mathematical 
pendulum beating seconds at the place of obser- 
vation, P the total charge on one side, and k 
a numerical factor, iW/-' being the momentum 
inertia of tlic empty beam. With the customary 
perforated rhombus or triangle, k is very nearly 
equal to J. Fiom the equation we clearly sec that 
with a * l)ob * of sufficient range we can choose 
our own time of vibration or our own sensibility, 
but wo cannot choose both, in a ready-made 
balance. It stands differently with a halnnre to 
he constructed. 'Jo avoid imlefinitencas, lot us 
assume that wo wished to design a balance for 
weighing quantities up to 100 grams with a 
toleration of Orl mgr. Ijot us a.«sume also that 
W'O had made up our minds regarding the mate- 
rial and the general form for the beam, and that 
W'O had defined the latter so that the relation 
between arm- length f, and weight W, were in 
accordance with an equation of the form 

W«C-fBl . . • (7) 

where W includes the empty pans, C designates 
the conjoint weight of all that which is inde- 
pendent of I ; and B stands for the w'eight of the 
rfioat ^f the arm-length l^L Our equation now 
assumes this form 

<‘-gl{c' + 2i. + w}E , .(8) 

where p stands for the charge in each pan. 
This equation afifqfjs some guidance in the 
selection of 1. Assuming for E a value which 
renders the dcoimilligram just visible, and 
taking pasQ, we substitute for*f the smallest 
admissible value and solve our equation in 
regard to f. Of course I cannot be allowed to fall 
below that minimum Iq (v, supra) at which the 
inherent error wrald rise to anything like 0*1 mgr. 
Where does thisHimit value L lie T Staudinger 
used to draw the line at 200, Oertling at 180 
millimetres, and similar values were adopted by 
other makers, until Bunge, d>me twenty-five 
yean ago, showed in the most direct manner 


possible that a sufficient d^ree of constancy 
can be attained with an arm-length of as little as 
60 millimetres. Thanks to the general e:(ceUence 
of Bunge's work his short beams soon became 
very popular with chemists, and the fact that 
almost all other German makers have since come 
to ^opt the Bunge system shows that the 
additional perfection in tbe^ivots which the 
short beam undoubtedly demands is not so 
difficult to realise as an outsider might be in- 
clined to think. Assuming this diffievUu to he 
overcome f it cannot bo denied that the short in 
opposition to the long beam does offer certain 
advantages. Ist. It is relatively light, and hence 
the working of the arrestment is a less effort. 2nd. 
It is less liable to irregularities through one-sided 
elevation or depression of temperature. Perhaps 
we may add that, 3rd, it is easier in its case than 
in that of the long beam to make a smooth- 
working arrestment, and on this account chiefly 
it enables one to w'oigh more quickly. 4th, anu 
least in our opinion, it vibrates more quickly. 
Not that we value this last advantage at nothing. 
I’he wTiter’s auxiliary bob indeed w’as invented 
with the very object of remedying the corre- 
sponding defect in the older form ox the instru- 
ment, being originally intended to be used thus. 
In the outset, place the bob far down, say to the 
mark where 1^ of deviation corresponds to 2 
mgrs. or some other value securing great rapidity 
of vibration, and establish equilibrium as far as 
thus pos.sible. Then raise the bob to the mark 
at which 1*=0*1 mgr., allow to vibrate, shift the 
rider correspondingly, and verify your result. 
The w'litcr, however, soon came to find this 
method less convenient than ho hod expected, 
and adopted another very obvious exp^ient. 
It is easy in any beam to bring down the time 
of vibrat ion to the least value one could reason- 
ably wish for by screwing down the bob to the 
corresponding place. Inis, of course, may 
render the dccimilligram invisible to the naked 
eye. But w'hy not help the eye by optical 
means ? An ordinary lens magnifying six times 
linearly affords more than there is any occasion 
for ; only it magnifies the parallactic error as 
well, and the effort to avoid this error strains the 
eye very unpleasantly. This experience led the 
writer to the following combination, which he 
found to give perfect satisfaction. A narrow 
ivory scale divided into degrees of about 0*1 mm. 
is fixed slantingly to the needle pretty far down, 
yet far enough up for not obscuring the ordinary 
scale which does dut^ as nsfiel ; on the other 
hand, a compound microscope of feeble power, 
which passes through the central fixed portion of 
the front pane of the case, is fixed slantingly to 
the pillar. The microscope has one vertical 
* w'iro * in its foens which acts os a needle. As 
the microscope inverts its images, the apparent 
motion of the wire in reference to the scide 
(which one easily persuades himself is fixed) is 
the same in sense as the real motion of the 
needle in reference to the ordinary scale, so 
that mistakes in regard to the and — are 
avoided. The ordinary scale is graduated after 
the micro-scale so that each of ita d^ees is 
equal in angular value to 10* of the latter. 
The writer some five years ago caused Mr. 
Oertling to apply this arrangement to two of 
Us bailees, and he has found it to work very 
latudaotorily. Although it was originally in- 
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tendfidicliiefly for ipecial ocoasions— the adjust- 
ing of weights, &o. — it is used even for our every- 
day work, as it was found that the microscope 
puts a less strain on the eye than the naked-eye 
reading of tho ordinary scale. The micro- 
scopic arrangement described adds about 3Z. to 
the cost of the balance. A cheaper arrangement 
is the following, micro-scale, dividt^ con- 
veniently into fIfth-miUi metres, is fixed slantingly 
to the pillar, the needle at the corresponding 


part is shaped thus 



and a hair by means 


i 


I 


of capillary perforations is stretched out between 
a and b ; the hair is parallel to the face of the 
scale, and only some 0*2 to 0*6 mm. removed 
from it. A short terrestrial telescope, fixed in 
the central (fixed) part of the front- pane of the 
case, serves for the readings. The object glass 
serves only to produce an image of the scale and 
hair within the tube, which the eye-piece (a 
compound microscope) magnifies as far as neces- 
sary. As the telescope neeil not be perfectly 
steady, it can be fixed at a relatively low cost. 
We have used this arrangement in connection 
with one of our balances for over two 3’ears, and 
found it to be almost as good as tho one first 


i 


described. 

On the Setting up and Testing of a 
Precision Balance. 

A real ^irccision balance, to be able to do 
justice to itself, must stand on a very steady 
support, in a room where it is not exposed to 
one-sidod changes of temperature. I'lio light 
should fall in from tho back of the observer. ! 


The best support, of course, is a pillar of masonry, 
standing directly on tho earth. Next after it | 
(in a suDstantiaily built building) comes a shelf 
fixed to tho wall by strong brackets. A good 1 
heavy tabic, however, suffices in practice. In | 
a largo city tho street traffic becomes very in- | 
convenient in weighing. Its elTcct can be < 
minimised by putting small pieces of thick I 
vulcanised-rubbcr plate between tho legs of the 


case and tho table. In the examination of a i 


newly set-up balance we naturally begin by 
seeing that tho arrestment, the rider-shifting 
apparatus, &c., are in good order, we then Icvd 
the case, and next leave tho balance to itself 
for some four hours at least, to enable it to 
acquire the temperature of the room. After 
these preliminaries ,we proceed to the following 
determinations. ^ 

Determination of the inherent error €. — For 
this purpose w'o charge the balance equallpr 
on both Bides with tho highest weight which it 
is intended to measure (a hectogram balance, for 
instance, with a hundrod-CTam piece on each 
side), and after having est^lished approximate 
equilibrium at the highest degree of sensibility 
which the balance will stand at this charge with- 
out giving obviously inconstant readings, deter- 
mine the exact position of rest, first with the 
two hectograms in the centres of their pans, 
and then, m a series of successive experiments, 
with one or other of the hectograms placed 
at some point of the edge of its pan so as to 
give any non-paraHelism in the axps or any 
other defect in the terminal pivots a, good 
chance of influenoing the result, taking care to 


interpolate occasionally an experiment with the 
two vmights centrally placed in order to see if 
the balance still gives the same readings as it did 
at first. If it does not, this is probablj^ owing to 
external causes, such as unequal heating of the 
two arms. To bo able to translate degrees of 
deviation into differences of weight, we must at 
some stage make two successive deterroinationf 
of the position of rest, one with P' in the left 
and P” in the right pan (P' and P" stand for the 
two hectogram- pieces) and another with, say, 
one milligram added to P". For the precise 
determination of a position of rest, we oause the 
balance to vibrato moderately, and (neglecting 
the first reading as being in general liable to 
irregularities), record 3, 6, 7 . . . sucoessive 
turning-points of tho needle, applying a to 
■calc-points lying to tho left, and a — to scale- 
points lying to the right of tho zero (or vice 
verad ) ; an odd number in any case in order to 
correct for tho retarding effect of tho rosistanoe 
of the air, Ac. ; those iniluenccs, in other wordff, 
through which the needle, supposing it to start 
from —4®, at the end of a dounie vibration, does 
not come back to exactly — 4®, but perhaps to 
— 3*7®. The algebraic sum of any two succes- 
sive readings gives tho point a of tho scale at 
which tho necdlo would conio to rest, in half- 
degrees^ and there is no reason why tho hafi- 
d(‘greo should not be adopted as a convenient 
unit for tho purjioso in hand. Supposing the 
readings to bo 

«! oj «4 a| 

(Example) +3*7 -2*7 4-3*6 -2*4 4-3*6 
we have for a the values : Oi4-a2“ + l’0j 
= 4‘^*8{ cij4*tt4~ 4‘ 1 *1 ; 044“ 1*4 “4“ 1*1 -—Mean 
= 4 1 * 0 . 

The mean value of the four results is put 
down as the value of o. Supposing a, through 
tho addition of A milligrams to tho right 
charge to increase by n domi-degroos, then 

n 

E = -( = 2 ‘ E ’ in the sense of ^our equation 
(2) ) is tho sensibility in domi-degreos ; and its 
reciprocal gj] • • • equation (2)j 

the weight- value of the demi-degroo in milli- 
grams. Supposing tho values for a obtained 
with abnormal positions of the charges to be 
a„ &c., instead of the mean value Gq, 
corresponding to tho centrally placed charges, 
then (Oo— ai)E-^=sVi, (Oo— OalE-*— v,, Ao., give 
each a value for the inconstancy of the balance 
in milligrams (or rather fractions of a illilli- 

f ram, it is to be hoped). According to a rule 
educed from tho law of frequency of error, the 
computation 


V n(w — 1) 


K4-«i4-«Tt • 


where all the Hb must be taken as positive, 
gives the ‘ probable * weight-value of the devia- 
tion of any one a from Gq, meaning that value of 
(Go— a)E-^ which, in a very large number of 
determinations, is as oft^ exceeded as not 
reached. But in practice the nffbber of deter- 
nftnations made is never sufficiently great to 
bring out anything like a dose approxiiipition 
to the law, and it ipiffioes to take r as being equal 
to 0*846 times the mean of all the values v, and 
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Mlopt it BM suffioiently near to the theoretical * «/ 
The probability that, in a given caee, (a«— a)E~‘ 
99U«d9 

2r 3r 4r 5f 

is 0 18 0 04 0 007 0 0007 

respectively. 

In these determinations, if the balance lacks 
a'* microscopic reading arrangement, it is as well 
to road from a distance with a telescope, to avoid 
the parallactic error which we have no right to 
charae against the balance. 

DtterminaUon of h . — All that is necessary is 
to determine the weight value of one degree in ! 
the sense of equation (2) for, say, pnlOO, 75, ' 
60, 25, 0 grams, and to calculate the corre- 
sponding values h. In a good balance A is so 
small that (supposing our rule regarding the 
adjustment of tne bob to be followed) the sonsi- 1 
bility remains almost constant from p^O to | 
p SB 100 grams. Hence, practically, it suffices 
to adjust the bob so that at a convenient average 
charge (where * average * refers to the moat 
frequently occurring values of p) one demi- 
degree corresponds to say } or ^ of a milligram 
eractly, and then to see what it is at other 
charges. If there is no sufficient constancy we 
enter the values E-‘ found on a system of rect- 
angular co-ordinates in function of the charges 
p, and draw the nearest curve to the points. 
This curve (if A were absolutely constant) would 
be a straight lino. In any case it supplies the 
data for a table of values for Uiiis table, 
however, must not bo relied on in standard 
weighings, because the value A is subject to 
changes, for this reason amonnt others, that the 
agate of the knives has a different coefficient 
of e^ansion from the metal of the beam. 

Srtie arm-ltngihs , — For the determination of 
the ratio of the arm-lengths, the orthodox 
method (for a hectogram balance) is to adjust two 
hectogram-pieces to exact equality, and, after 
having estaolished equilibrium, to put one into 
the left and the other into the right pan, Ac. 
But in praotiie the following method is bettor. 
Take any two fairly well adjusted hectograms 
and viewing them, one as a standard representing 
100,000, the other as an object weighing x milli- 
grams, go through the Quinary operation of 
weighing once with the object in the left pan and 
the standard in the right, and once the other way. 

Supposing (using S as a symbol for 100,000 
milligrams) we find 

arr -(S4-»i)i" . . • . I 

. . . .II 

(where any Z may be negative), we have by divi- 
sion of I by II, and subsequent multiplication 
withTir, . 

1 + ^ 


VrJ -‘S 




whence, as a sufficient approximation, 

No maker who ^as a name to lose would 
care to send ettt a precision balance in which 

1— y is more thap 1:0<X)006 at the outside, 

although for any scientific purpose a considerably 
greater error could be tolerated. The corre- 


sponding adjustment indeed, while of the first 
importance in commercial balances, in precision 
balances is in a sense irrelevant. 

Unequal- ARMED Lever Balances. 

(1) The steelyard or Roman balance . — In it 
only the shorter arm (of the length 1) bears a 
pan; the longer arm, by notches cut into its 
oaok, is divided into parts of equal length, I 
being the unit. The working points or lines of 
the notches should lie in the plane of the two 
edges, being so many bearings for the knife-odge 
forming part of a eliding weight adjusted to F 
units. The unloaded bedance is in its position 
of rest when the beam stands horizontal. To 
weigh a body, it is placed in the pan and the 
sliding weight shifted forwards from notch to 
notch until (when the weight hangs at the 
distance nl from the axis of rotation) the beam 
is again at rest in its horizontal position. We 
then have for the weight sought 
xl=nlF or *=nP. 

As fully explained above, the principle of the 
steelyard is discounted in the modem precision 
balance for the determination, of small differ- 
ences of weight. In thoory there is no objection 
to its extension to the determination of weights 
generally, but the technical difficulties to be 
overcome are great. On an equal-armed 
balance, whose b^m is divided into 100 equal 
parts (from end to end), all weights from 0*0001 
to 100 grams might be determined with three 
riders weighing half of (100, 1, and 0*01) gram 
respectively, but the realisation of 101 exact 

K ivots is no small matter. Where relatively 
igh precision is aimed at, it is better to provide 
omy a small number of notches (say 10) and 
have a set of riders, weighing say 10, I, 0*1, 
0*01 grams respectively. The speoifio gravity 
balances of Westphal of Olle, are made on this 
principle. It strikes us that the steelyard 
principle might be discounted for the decimal 
subdivision of weights, thus : 

Imagine a precision balance whose two arms 
measure 101 and IH units. 10 grams placed 
in the pan of the longer arm are balanced by 
10+1 grams placed in that of the shorter ; hence 
a 1-gram piece may be acljusted after two exact 
10-gnm pieces, Ac. 

TAe tangent balance has only one short arm, 
from which the pan is suspended ; its centre of 
gravity lies low, so that the momentum staticum 
Ws of the beam assumes a high value, and even 
a considerable weight placedin the pan produces 
only a moderate angle of deviation. The needle 
moves along a circular limb divided so that 
the readings are proportional to the tangents of 
the respective angles of deviation, and give the 
corresponding weights directly. The equation 

{see equation (1), above) holds theo- 
retically for any value A, but the angular 
deviation corresponding to 1 gram of addi&nal 
charge becomes less and less as the charge in- 
creases. The tangent balance, though useful for 
the rough weighing of letters, parcels, Ac., is not 
available for exact gravimetric work. 

CoicpoTTirD Lbvsb Balancesl 
In^ these, practical convenience and rapid 
worki^ ate gained at the expenseof precision. In 
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the Rohcrf>ai balance the pan^ nrr above flie ’ 
system of levers (whicli a«! a rule i-j ton< o.ilo*l 
B in a box), so that there 
— I IS room for bodies of 
^ even large dimen 
/ I sums Onr dinijtrain, 

^1 ® ^ — *d Lig 8, IS intemh'd to 

^ f e.\])Inin only the priw- 

vp d Cl pie of the maehino, 

T‘IO. 8. \ m| foinis 

The beam consists of two j..iiallcl vertical 
parallelograms of which only the front one is 
represented in onr figure, f and / (and f' and 
,/' in the other parallelogram) arc fixed pivots, 
A, B, a and h (a', b', a\ o', behind) are movable 
joints. On each side a horizontal bridge con- 
nects a point D on the vertical side Aa (and a 
similar ^int on b 6) with a corresponding point 
d' on the back parallelogram (so that, for in- 
stance, Aa, A'a', dd' form one piece) and, 
from the centres of these bridges, vertical rods 
arise which support the pans. Supposing each 
pan to bo chaigcd with P pounds, the centi-e 
of gravity of either of l^cse tw'o equal charges 
may lie in any of a great many positions about 
the respective pan, yet the statical oifect is the 
same os if it were concentrated, one in the centre 
of the one bridge, and the other in the centre of 
the other ; the tw'o charges will balance each 
other, because, if the centre of gravity of one 
descends by h mm. that of the other rises by 
h mm., so that the work PA is the samo^on both 
sides. An over- weight added to one* of the 
charges will bring down that side. The bars 
AB and a'b' are relatively heavy beams, the 
lower bars ab and a'¥ are light. Hence it 
depends chiefly on the distribution of the mass 
in the beams ab and a'b' whether the balance 
(if nearly equally charged) has a definite posi- 
tion of rest : but even if it has, it will never 
vibrato like an ordinary balance, on account of 
the great friction in the numerous pivots. If it 
could only be cured of this defect, the Robervai 
W'ould be the ideal balance for the counter or 
ordinary weighings in the laboratory. This 
problem has been to some extent solved in the 
torsion balance of Springer, in which the axes 
are realised in stretched out horizontal bands 
of elastic steel, which act, so to say, as knives 
and bearings in one. 

The * torsion balance ’ is made ^ in a great 
variety of forms, but,the principle of construction 
is the same in all. Ihe following description is 
based upon the examination of w hat was sold as 
a high-class pair of counter-scales for loads up 
to 20 lbs. As shown by Fig. 0, the balance con- 
sists of two parallel beams united into a flexible i 
parallelogram by means of throe vertical frames, 
the bond of union m the case of each frame con- 
sisting of two horizontal bands of elastic steel, 
which bridge over certain gaps of the frames, 
the middle portion of each band being firmly 
united with the respective beam end at its lower 
side by means of a screwed-on block of metal. 
In this instrument the beams measure 290 mm. 
from end pivot to end pivot, the steel bands are 
5*6 mm. broad and 0*49 mm. thick ; the length 
of the w'orking part Of a band is 58 mm., 29 on 
1 By the Torsion Balance and Scale Company, 02|teade 
Street, New York. 

VoL. l,—T. i 


cfii'h shlo of the honm Tho lt.\nd hos 

Uiow the plane of the two ciul bandi b} about 



2 mm. The central frame, w^hich docs service as 
a pillar, is fixed to the solo of ilio instniitirnf, 
tho end frainc'- nn* fixed only 1“ tlii*ir n'spcctivo 
beam ends. Fig. 10, which is diaw'ii lu bcule. 






represents one of tho end frames. The two stool 
bands of each frame, though independent of each 
other in their action, are really parts of one 
continuous band which is wound tightly round 
tho edge of the frame, tho ends mcctin» in 
B or b', where they aro^we presume, riveted on. 
To give them the renuisito dogroo of high tension, 
the frame, of which part of tho ri^t side is 
movable, is stretched laterally (by means of pegs 
fixed to tho two sides of j^vico and slipped 
through tho two boles of th^rame) and the gap 
which is thus produced between tho two halves 
of the right side of the frame is made permanent 
by means of metal plates wedded into it. The 
central frame is somewhat differently shaped 
from tho lateral ones ; the upper ring, r, is 
omitted, to enable tho uppe^boaq^ lb pass freely 
through between tho legs of a stool fixed to the 
lolrer and terminating in a vertical peg which 
serves as a needle and carries*a globular gravity 
bob. The bob, winch in the ca.so of tho balance 
undor consideration weighs 458 grams, i.e. more 

2 L 
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than a pound, can be raieed or lowered to cnalj^ 
the aensibilitj of the instrument to bo varied. 
The system of beams is inclosed within a case 
of plate-glass ; the top plate supports an arch 
made of a metal tube from which an ivory scale 
graduated on both sides is suspended vertically 
so that its lower edge runs through a notch in 
the upper fharjiened end of the needle to enable 
the vibrations to bo read from cither side. 

To explain the working of the instrument, ‘ 
let us for a moment substitute for the steel bands 
10 many linear wires, Hhich, though unbcndable, 
offer no resistance to torsional disfigurement. 
The torsion Imlance thus modified is in theory ' 
identical with the ideally perfect * Rob Tval/ , 
and, if the centres of gravity of the beams 
are in their axes of rotation, the parallelogram 
will be in a etato of indiileront c<]uilibriurn at 
any shape which it may assume. To give it a 
definite position of rest, we must either shift (let 
us say one of) the centres of gravity vertically 
downwards, or else we must endow our ideal 
wires with torsional elasticity, which, of course, i 
brings us back to the artiial instrument. But 
the torsional elasticity of the steel bands is very 
oonsidorabiy more than we want ; its o/Toct on 
the sensibility is the same as if (supposing the 
upper beam is suspended at its centre* of gravity) 
that of the low'cr lay at a very consii lorn bio depth 
bcluwr its axis of rotation. To give the balance 
a suflficiont degree of sensib lity, w'o must raise 
the centre of gravity of say, the lower beam, 
until the stability of the position of rest is reduced 
to a suniciently small value. In the aeiital in- 
struniont this is eiiectcd by moans of the heavy 
gravity bob above referred to. 

The principal advantage claimed for the 
tor lion-balanoc, in contrndislinciion to the 
Robervol balance, is its freedom from frieiion ; 
and this advantage it undoubtcilly possesi-es, but 
it is coinpensateu for to n largo extent by the 
unavoidable viscosity in the clastic bands. The 
instrument described above, when equally 
charged on both side's, and with tlio bob sufli- 
ciontly far dc^n, vibrates like a pirciMon balance 
of a high order ; the position of rc^t ns calculated 
from a series of couples of 8Ucce8.sivo deviations 
of the needle, is remarkably constant up to at 
least a charge of 6 kilos, on each side ; but onco, 
when we determined the sensibility at first with 
no charge, then at a charge of 2 kilos., and lastly 
for a charge of 6 kilos., and then redetermined 
the sensibility of the unloaded instrument, w’o 
found that it was out of equilibrium to the extent 
of more than a decigram. We also found that 

reading of tlio balance is not quite indepen- 
dent of the position of the loads on the pans. 

Tht ordinary decimal balance, ns used for weigh- 
ing heavy loads, is a combination of levers as 
shown in Kig. 1 1. a, b, c, d, e, f, g, h, are all joints 
or pivots ; a - 

and h rest ^ a T 

on the fixed ^ 

framework of 

the machine r 

and oonse- cl v ^ 

the ground, • 

0 ro^<s on the lever ab. In the actual machine 
cd supTOrts Uio bridge wl^oh accommodates 
the load, while a pan snsiiended at / receives 


pTOrts Uio bridge wl^oh accommodates 
au, while a pan snsiiended at / receives 


the weights. The pan is so adjusted that it 
counterpoises the bridge. Suppose the load 
amounts to P units and its centre of gravity 
lies vertically above t ; a portion presses on 
the knifo-cilge at c and the rest Pj = P—Pc puHs 
at d and with the same force at g. Now Pc pull- 
ing at c is equivalent to a leas force iJL^c pulling at 

h, and bPc . - Pc - whence tP, ~ J»c But 

bPc pulling at h or e is equivalent to a irrcater 
lorce gPc pulling at g and ,1%. • cA; 

henoe |l . - g/, ' i.l <•- --y 

The dimeiiRions are so adjusted that — 

whence bcnco the joint effect of 

1\ and P.i at g is the same as if they both, i.e. 
I’, were BusjH^ndt'd at g ; and if, for instance, gh 
IS of /t/, ^5 P units m the pan w'lll balance 
the P units lying on the bridge. In many 
balances of this km<I the long arm hf is divided 
so that lesser weights can bo determined bjr 
means of a rider 

Elasticity Balances. 

Imagine an clastic solid body — beam, wire, 
spiral, Ac. —to bo held fast in one or more 
fixed {Kiints, and supixiso sonic one other point 
a to Ijc ii.scd as a pivot for the suspeiLSion 
of a load of P units. Point n will sink until, 
at a certain depth A, the strain develojicd by 
the deforinntion of the woikuig bf>dy balances 
that w'eight P. As long as the working body is 
not strelcheil beyond its hmiO of perfect elas- 
ticity, the length h, if not proportional to, is at 
least a fixed function of P ; hence the path of 
a ran ho graduated, at least empirically, so that 
each point of the scale corresponds to a fixed 
number of units of weight. Tins is the general 
pitnciple of the multitude of sprituj balances, 
oonietimeB a relatively strong ‘•pring is used to 
effect only a small displacenn’iit of a even with 
the highest charge, but this displacement is 
then multijdied by a system of levers, so that 
the least difference of weight which the balance 
is meant to show becomes visible. In a very 
neat kind of spring- balance, which has become 
ixipular, the displacement of a is, by means of 
levers and a toothed wheel, translated into the 
circular motion of a needle w'hich moves along a 
divided circular limb like tho hands of a clock 
on their dial. 

Jolly constructed a quasi precision spring- 
balance for sp gt. determinations thus : — A long 
spiral of wire is suspended vertically in front 
of a vertical millimetre-scale, etched on a strip 
of plate glass which is silver^ behind, so as to 
avoid tho error of parallax. From the lower end 
of the spiral a light pan is suspended ; the index 
is close above the fian at a convenient point. 
Tho instrument has never come into general 
use, because any second-class precision Imlance 
boats it in every sense. A similar remark 
applies to an ingenious bttle instrument invented 
by Ritchie for the determination of minute 
weights. 

Tdtlchu's balance consists of a very light 
beam whose axis of rotation passes through its 
centre of gravity, and which is firmly united 
with a thin horizontal wire which lies in the 
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axis of rotation. Tho hind end of tho wire is 
absolutely fixed to the stand; the front end 
forms the continuation of the axis of a oiroular 
pin revolvable within a circular bearing. A 
needle fixed radially to the pin points to a 
divided circular limb. The empty balance la so 
arranged before use that the l^m when hori- 
zontal is at rest. To determine a small weight 
(x mgr.), it is placed in, say, the right pan, and 
the wire turn^ from the right to tho left by 
turning the pm until after the needle has passed 
throu^ a degrees (where a may bo more than 
3fi0^) ; the beam is again at rest when horizontal. 
We then have z=:const. a. The constant must 
he determined by experiments with known 
weights. Sartorius of Gottingen used to apply 
the Hitchic arrangement to his precision balances 
for tho determination of differences of weight 
from 10 mgrs. downwards (Bibl. 5), but be has 
long since given up the notion : at any rate it is 
no longer to be seen in his price list. A Ritchie 
balance might perhaps do well for tho adjusting 
of small weight .s, but n sinall precision steelyard 
w'ould work infinitely better. 

Sartorius* combination, if provided with a 
relatively strong wire, •might make a handy 
instrument for tho rapid (approximate) deter- 
mination of w'eigbts Without tho use of any 
standard mass loss than 1 gram. 

The Hydeostatic Bai.ancb 
IS a hydrometer provided with a relatively large 
body and a narrow nock, and so adjusted that it | 
W'oighs considerably loss than its own volume of 
w'ater. I^he top end of tho neck bears a hori- 
zontal table, which servos as a pan, or, what is 
better, is provided with a horizontal system of 
cross-bars, from whose ends a pan is suspended 
by means of wires or chains, below the shelf 
supporting tho vessel containing tho floating 
hydrometer. A certain weight P, placed in the 
pan, brings down tho hydrometer so far that the 
surface of tho water touches a certain mark on 
the stem. If an unknown weight x requires to 
be supplemented by standard weights equal to p 
units, to produce tho same effect, x-fp— P, or 
xassP— p. Even for P= lot us say 2 kilos., the 
neck need not be thicker than an ordinary 
knitting needle, so that the milligram, as a differ- 
ence of weight, becomes perceptible. Wherever 
a precision balance has to bo extemporised 
this instrument is useful ; but it has no other 
raison d'itrt. Indeed of all the multitude 
of machines which tho science of mechanics 
places at our cbsposal for tho measurement of 
weights, the equal-armed lover- pendulum is the 
only one which, so far, has worked satisfactorily 
for precise gravimetric determinations. 

A balance based on dynamical principles has 
been proposed. Imagine a pendulum provided 
with a Bniftable bob above tho fulcrum, and 
carrying a pan attached to the bottom end of the 
rod by a hook-and-eye. In a given instrument 
the time of vibration is a function of the distance 
of the bob from the fulcrum, and of the weight x 
of the object in the pan, and consei^uently tho 
weight X is a function of the other variables. 
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Os HrojiLY Refined WKifiiima. 

Introductory.- -In tho late Professor l>itimar*s 
article (vide .nipra), typical forms of tlio precision 
and other balant'es linve been emiHidered : 
tho theory of tho biilanco and Hh' conditions 
iiocoHsnrv h)r accural o work in gcuiorul, have also 
been duly treated, lii tho piesent aiticlo, it is 
therefore unnocesaary to add more than a con- 
Hideration of some exceptional, but iibsolutcly 
iiMlispensablo, precautionary measures adopted 
when wc dosiro to reach that which some may bo 
inclined to terra an ultra-degreo of relineinent 
of weij^hing. 

This articio is Invsed oliiofly upon results 
obtained during two researches, which, for 
successful issue. dcMnandod more tlian usual 
caro. Tho subject was of iiocessity studied 
from tho severely practical point of view ; imd 
fow, if any, of tho remarks that foJ]«w liavo their 
foundation in pure theory alont'. Tho following 
points are severally discuHRctl ; — 

(1) Tho Balance Room. 

(2) Tho Balance Table. 

(3) The r>ov(dlii)g Screws. 

(4) Tho Scale. 

(5) The Illumination of tho Scale. 

(0) Of pusHiblo V'ariatioiiK in the IaivcI of the 
Bench. 

(7) Tho Tclcscnjie and its Carriage. 

(8) Of the NcM:cs.sity for Fatiguing the Bevm. 

(9) Device for Maintaining Liuforriuty in the 
Toiniieraturc of tho Beam. 

(10) Temperature CiK'nicicnts of a Balance. 

(11) Suppression of Air-Streams about tho 
Pans. 

(12) (Jonceming tho Wiping of Glass VohhcIs. 

(13) Of Certain Precautions to bo taken in 
Weighing Glass Vessels. 

(14) LIctermination of the Pressure Co- 
efficients of Glass Globes. 

(15) Of the Different Methods for Weighing. 

Uff) Errors attending Weighing of Hot 

Bgdies. 

(1) The Balance Room.^-fh.e balance room 
sboiidd be upon the basement : and in editing 
it, the choice should fall upon one havi^ a north- 
easterly aspect: for then comparatively little 
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diroct siinli^'ljt < ,in r ntfr the window oven during 
inidHumnier. A di\, any cellar is an almo.9t 
ideal room for a balance that is to Iks used for 
highly relined weighing. But in either case, 
and particularly so m the latter, the variations 
in llif* fMnporaturo of the air within asaumo 
rniiiiniiiiii values; this is frequently of groat 
nil port For a series of weighings, no weather 
is so favourable as that which prevails when the 
Hk> iH fivercast and wind absent. 

* (2) Tkr Balanrr Tahir . — For work of supreme 
accuracy, it is imperative that the balance bo 
placed upon a massive jiillar of brickwork or 
Htono: and lliis should ifst upon a foundation 
BiifTi( i( ndy deep to guaid against all local 
vihration.H. 'I’lie flooring should not have direct 
(sjnliK t with the jullur; otherwise vibrations 
may readily pass from the ffiriner to the latter, 
and HO to the balance. An excellent plan is to 
cap the pillar with a rectangular block of slate : 
this may have a Ihicknoss of from 1 to 1*5 inch. 
Wio slate slionld he < losely cemented to the main 
block, ami have its upper surface as far as 
pOM.sihle Irnly [ilane 'riie slate, freed from all 
grit and dust, isioviued citliei vmIIi a smglo fold 

rT: 
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of firhite linen or with white blotting-paper : and 
upon this is (Placed a sheet of thick plate glass, 
some 2 or 3 inches shorter and narrower than the 
slate. The paper or linen serves a twofold 
purpose : first, it acts as a necessary and con- 
venient pad between the glass and slate ; and, 
secondly, it socures for the worker a permanently 
white surface which renders even small objects 
suilioiently conspicuous. Near each corner two 
holes arc drilled in the slate, for the reception of 
wooden pins having rubber covered heads. 
.Thf positions of these are indicated in Fig. 12. 
The pins guard against any accidental displace- 
ment of the gloss. 

(3) The Levelling Screws . — With the above 
dosoribod bench, we may with advantage dis- 
pense with the brass shoos commonly employed 
tor the levelling ^lows. When this course is 
ndoi>te<i, tlio screws at their lower ends should 
toinnmile in highly polished spherical surfaces 
of low curvature At those points where the 
screws have contact with the glass, a little oil is 
applied ; medicinal piiralliii oil is, on account of 
itN non- liability to--*^^hickcn, admirabiy suited 
for the purpole. The base of a balance thus 
mounted, reailily adapts* itself to modified cOa- 
ditiofs resulting ftom changes in temperature ; ' 
and inherent stresses and str(Mns arc very little ' 
if at all atlocted. 

(4) The Scale . — In sonn‘ balances the scale 
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divisions have an excessive length and breadth. 
iKmg lines produce an apparent narrowing of 
the contained spaces ; and this increases the 
difficulty, already sufficiently great, of correctly 
' estimating the turning position of the pointer. 

I Again, a broad line is in general a very con- 
Kiuerablo fraction of a division ; it is not easy 
to allow for this, and possibly the matter is 
sometimes overlooked. These two imper- 
fections arft reduced to insignificant proportions 
as follows : — 

The slip of ivory is detached from the pillar, 
and the scale completely removed by lightly 
rubbing the ivory upon a very fine and large 
flat file ; the slip is then re-polishcd, and a new 
scale in millimetres engraved upon it. The 
engraving tool must be capable of producing the 
fine.st of lines, and these are lightly drawn. 
The divisions, which may have a length of 1 mm., 
are rendered distinct by the momentary applica- 
tion of an etching pen charged with Indian ink. 
The ink readily runs along the whole line ; 
occasionally a line may appear a little irregular ; 
but after the ink has dried, any unevenness may 
be remedied by gently rc-iiolisliing with a flat 
pari. Fine sharp lines may often bo secured by a 
pat! ml filing down of the original scale, and the 
rcr(iii->tte shortness by a complete removal of the 
lo\v(M' portions of the lines. During the prooess 



I of shortening a straight-edge is used, not only 
as a guide for the file, but also as a protector for 
the portion of the scale to bo retained. 

As the scale is invariably viewed through a 
telescope, which inverts the divisions and 
reverses their order, additional convenience is 
gained and possible confusion, avoided by 
numbering principal lines as shown in Fig. 13. 

(6) The illumination of the Scale . — ^Weighings 
should be carried out in the absence of daylight ; 
for unless the light from the window fcdls upon 
the balance in a perfectly symmetrical manner, 
and in general it is difficult to ensure this, the 
radiant energy absorbed by one part of the 
instrument will differ in quantity from that 
absorbed by another; this in itself would be 
immaterial, provided the ratios of the several 
quantities remamod constant ; but direct 
experimental evidence reveals fluctuations in 
these, and therefore corresponding variations 
in the zero or resting -point, R.P., of the beam 
follow. By using artificial light, we can 
eliminate this particular source of error. The 
following device leaves Uttle to be desired : — 

A glass globe having a capacity of some 10 or 
12 litres, is tilled with a dilute solution of po- 
tassium cliromate and placed upon a shelf 
erected above the reading telescope. A glass 
tube, sealed at its lower end and containing an 
electric lamp, is placed centrally within the 
lupiuT : the light is then, by means of a laige 
toiiM'x lens, concentrated upon the scale behind 
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oompleiion vAnea not only with tho balance, 
but also with the load, and it may range from 
few to many minutes ; but, in general, a period 
of from 10 to 15 minutes suihcea. Now, from 
the above, it will be evident that no weighing 
can be of definite value, unless the knife edges 
have already assumed truly normal positions ; 
and in order that they may do so, the balance 
must be fatigued. This simple operation 
consists in allowing tho beam to vibrate, for 
an appropriate time, after the pans have been 
loaded and the weights adjusted for weighing ; 
the beam is perfectly fatigued when successive 
R.P. determinations agree. Having reduced 
tho balance to a normal state, the actual weighing 
is undertaken ; and for this tlic crank handle 
is first cautiously turned, so that without in 
any way relieving the instrument of its load, one 
of tho arrestors is momentarily and very gently 
made to lift its pan and thus cause the beam to 
re-oscillatc. Several vibrations having passed 


unrecorded, the usual observations for the 
determination of the R.P. are carried out. The 
above remarks concerning fatiguing, are equally 
applicable in tho case of an * unloaded * balance. 
In Fig. 18 we have an illustration typical in 
character and magnitude, of initial knifo-cd^o 
movements. Tho curve there shown, and in 
which successive R.Ps. o-re graphed against 
corresponding time intervals, roproaonta the 
results of an experiment with a highly inflexible 
beam of tho cantilever form. Tho movements, 
at first of an oscillatory nature, die away, 
an<l finally the R.P. acquires a constant 
value. 

If for any reason the loaded beam is arrested, 
tho balance must again be fatigued before a final 
weighing is proceeded with. When it is nooes* 
sary to readjust tho position of the rider upon 
the fatigued beam, tho operation may be carried 
out without detriment, by first slowly raising 
the pan arrestors until they are in such a position 



that, although they do not support tho loaded 
pans and so relieve tho beam, they reduce the 
vibrations to a very small amplitude. 

(9) Device for mayUaining Uniformity in the 
Temperature of the Beam . — If a differential 
bolometer is arranged within a balance cose, 
BO that its tw'o resistance coils are separated by 
a distance equal, say, to the length of the beam, 
it is easy to show that small and rapid fluctua 
tions in the temperature of tho air are con- 
tinually taking place, even when the case is 
closed. On lifting tlie shutter, the fluctuations 
become more marked, and during the loading 
of tho pans they are, comparatively speaking, 
quite violent. A pair of sensitive mcrcury-in- 
glass thermometers similarly placed, naturally 
fail, on account of their sluggishness, to indicato 
variations in temperature ; they show a mean 
value only. In order that the highest degree 
of precision may be attained, it is imperative 
that the temperature of the air enveloping the 
beam should remain for at least some time, 
both before and during tho process of weighing, 
strictly uniform. Tho required uniformity may 
be ensured by the device illustrated in 
Pig. 19. 

As may be seen, we have here, in addition 
to the usual balance case, a small inner auxiliary 
chamber which colnpletely encloses the beam. 
The base plate c, i, of this chambe^ is of 
aluminium, having a thickness of 2 mm. or 
more ; it is suitably slotted and perforated for 


the passage of tho pointer and hooks by which 
the pans are suspended. Tho ends k, f, are 
conveniently made of well-seasoned mahogany, 
havmg a thickness of 1cm. Tho front, back and 



also the top of the chamber, Are of 8-10 mm. 
Shiek plate glass. Tho front of the chamber 
may be removed and thedieam thus r|pdered 
accessible, afte^ dropping the holderr h, k. 
Discs r, s, t, of tnin aluminium, are fastened to 
the pointer and pan hooks a little below the base 
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plate : these screen tlio apertures immediately 
above them. When placed within the auzili^ 
oliamber, a differential bolometer recording 
variations as small as 74 ^ 0 ° remains quite 
unaffected, even during the loading of the pans. 
The decided advantage held by the pf’otected 
over the unprotected beam is very well shown 
in Fig. 20. The groups a, b are the bolometer 
records obtained when, using 0 weights, one of 
the pans was loaded and unloaded six times in 
succession. J luring the experiments, the position 
of the bolometer near the beam remamed 
unchanged.^ 

(10) Tanperuture Cocjficienta of a Jiahmee . — 
Other conditions being constant, the R.P. of a 
beam will, in general, vary simultaneously with 
the temperature ; tluTefore, unless the balance 
is thermostatically controlled, we must know 
with considerable exactitude the temperature 


coeficient k of the instrument. The value of k 
will vary with the balance and also with its 
load ; but for a given balance, the several values 
of k for different loads may be determined as 
follows : — 

Commencing at an early hour, when pre* 
sumably the te-mperature of the room is at its 
lowest, and with the pans as the only load, the 
beam is released and duly fatigued ; the R.P. 
is then found and the thermometer in close 
proximity to the beam read. Using hot-water 
pipes, an electric radiator, or a gas-fire, the 
temperature of the room is next raised by 
about 2® 0. ; a little later the R.P. is re-deter- 
minod and the thermometer within the balance 
case read a second time. Proceeding in this 
way step by stej), a total range of temperature 
of some 10® or 12® C. is covered. Finally, the 
room is allowed to reassume its original tempera- 
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ture, or approximately so, and a last deti'rniina- 
tion of the R.P. for this senes made. If the 
first and last members of the scries arc in agree- 
ment, the R.P. values for the higher tempera- 
tures should bo i-eliable. From the data thus 
obtained, a Uunperature cocflicient curve is 
now jircpared by plotting the R.P. values against 
those for the corresponding temperatures ; the 
resultant graph enables us to discover the true 
R.P. for any temperature falling within the 
experimental limittu^nd for the particular load 
employed. (In tliis case, the so-called zero 
load.) Extrapolation should never bo resorted 
to ; for k may at any other t<*mperature assume 
a distinctly different value ; its sign may even 
be riwersed : and so k, from being an additive, 
may become a subtractive quantity. Usually, 
it will be Bulli<4*cnt £ the temperature of the 

t 

' \n excellent pltfri is to permanently set up a 
dlfleremiai bolometer In the imme^ate vicinity of the 
beam; the thernioinetric condition of the enveloping 
air oan then be readily tested at any time. 


beam IS known to 005® C. The thermometer 
13 placed horizontally within the auxiliary 
case. 

With the completion of the above, further 
operations identical in kind are proceeded with ; 
and unless the balance develops abnormal 
behaviour, experiments with four additional 
loads will suffice. For a 200*grm. balance, the 
several loads may convenient! v be 50, 100, 150, 
and 200 grms. The results obtamed with each 
of these loads are, as before, represented by 
smoothed graphs, all drawn upon one and the 
same sheet. Often those graphs are of the same 
family ; with such a group w'e may, for the 
given range of temperature, make use of interpo- 
lated values for drawing the temperature 
coefficient curve corresponding to an inter- 
mediate load. Finally, the whole series is 
completed by a re-determination of the B.P8. 
for the unloaded pans: the value of all the 
lOBulta is thereby greatly enhanced. 

Characteristic curves for k for a 200-grm. 
balance are reproduced in Fig. 21. The two 
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dotted lino curves were derived from interpo- 
lated values. 

(11) The Suppression of Air-streams about 
the Fans — Increased accuracy is secured and 
labour saved, by adopting some plan whereby 
uniformity in the temperature of the air sur- 
rounding the pans is ensured ; one that in 
practice has 2)roved highly cflicient is illustrated 
in Fig. 22. 

Each pan, together with its stirrup, is 
enclosed by a iixed and massive brass cylinder c, 
having a diameter but little greater than that 


of the pan. The cylinders extend from tlie 
floor of the balance case, where they fit into 
grooves in thick brass plates pp, to the aluminium 
plate of the auziliaiv chamber; and each is 
surrounded by a slightly laiger cylinder b, 
which ‘rests upon 3 wheels attached to c ; these 
wheels, of which four lettered w are shown, are 
placed apart at an angle of 120®. By covering 
that portion of the fixed cylinder enclosed by b 
with Hilk, a smooth and easy movement is 
imparted to the latter when the handle H is 
pressed towards the right or left. To render 



the pans accessible, large rectangular apertures 
A are cut in the cylinders ; these are opened or 
closed by an appropriate rotation of b. In the 
figure, the left-hand cylinder is open and the 
other closed. The interior surfaces of the 
cylinders are coated with a dead-black lacquer, 
but the exterior surfaces are polished and left 
unvarnished. Now, theory and practice alike 
show tliat with these conditions, a temperature 
uniform in the highest degree, and one, moreover, 
unsusceptible to any but slow variations, is 
quickly established. But given uniformity 
in temperature, it follows that within a space so 
limitea and confined, winds or air-streams are 
non-existent; and tlierefore the minor irregu- 
larities ordinarily arising from convection 
currents about the pans, are avoided. 

(12) Concerning the Wiping of Class Vessels , — 
For glass vessels that are to be weighed with an^ 
degree of refinement, almost careful wiping is 
an indispensable preliminary; and in making 


choice of material for the purpose, some dis- 
crimination must bo shown. Theoretical con- 
siderations verified bv experiment, lead to the 
conclusion that in all probability it woffld bo 
diflicult to discover anything superior or equal 
to silk; this substance possesses a very low 
heat conductivity ; and cfuring use good speci- 
mens show a remarkably small tendency for 
casting of! loose iilamealia • Objection is some- 
times taken to the production of electric charges ; 
but from the practical point of view, the ground 
upon which the objection is based is more 
imaginary than real. 

Buring the process of wiping, direct contact 
I between the vessel and the hand must be 
scrupulously avoided ; more particularly so if 
•ve desire to maintain constancy of temperature. 
Some four or even moreefolds of silk^should 
intervene betwe^ the hand and the vessel ; and 
if at the same time the hands are thickly gloved, 
so muoh the better. The vessel imxnewtely 
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moisture, and dust ; this washing is allowed to 
proceed during the fatiguing of the beam. On 
e^ping from the cylinders, the purified air 
displaces the ordinary air of the balance ease ; 
and as it is unnecessary to re-open the shutter 
before weighing, the operation is carried out 
within an atmosphere of standard and easily 
reproducible quality. A great convenience is 
secured if the air streams can be arrested by laps 
placed near the balance ; these taps arc clos(‘d 
just before the object is weighed. 'Fhe plan 
here advocated has liiet with favour m several 



of the Oxford laboratories, where it has now 
been used for sonic years. Tiio method might 
with advantage bo universally substituted for 
the defective plan so commonly adopted with 
chemical and physical balances. To do this 
for any balance, it is but necessary to pass tubes 
delivering purified air, through the top of the 
case just above the x^^ns or m a line with the 
extremities of the beam. The usual method for 
drying the air within a balance case has several 
serious objections, which cannot be discussed 
here. 

(H)" Determination of the Preeaure Co- 
efficients of Qlaaa Globes , — When closed vessels are 
weighed under different pressures, it is in^ortant’ 
that the vessel and its counterpoise possess not 
only similarity of form and volume, but also 


walls of equal thickness, otherwise compensa- 
tion may bo imperfect and vary iiitli the 
jiressure. 

The pressure coelficients of expansion of 
globular vessels may be compared and accurately 

measured with the aid ^ 

of the ni>paratu8 indi- |j 

cated ill Fig. 24. The 
tajia having been tem- 
porarily KMiioved, either 
globe is introdueedinto 
the bell jnr a, and its 
neck passed uj) through 
an airtight cork secure- 
ly fixed in the mouth of 
the jar ; a glass tup, 
connected w ith a sealeil 
mercury nuinonieter m, 
is then fiisi'd at d to 
the neck of the globe, 
and the open end of the 
jar closed by a stout 
brass plate p ; the ]>laie 
may be attai'hed with 
Faraday cement or 
marine glue, both of 
which arc iiisolublo in 
water and i eadily soften 
with heat. Next, 
through a hole in the 
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ork made for the nveptioii of the tube t, air- 
free wabT IS introiluml until the jar is com- 
pletely filled ; the tube T, also filled witl wat<T, 
IS then ])lae(Ml in adu^ and its fine capillary jet 
kept inimersecl in water ns shown. 

In moasiiring the iiressure cooflieient, a 
small wcnglu'd bottle m tirst substituted for that 
usually kcx>t beneath tlie jet ; nir is then forced 
into the globe until the desired pressure is 
indicated by the manometer ; as the pressure 
distends the globe, water is ejected into the buttle ; 
this is weighed and the (>xpansion resulting from 
the pressure calculated. Jf a scries of pressures 
be applied, their values may sUbsettuciitly be 
plotM against the corrcsjiondiiig exjiaiisioiis ; 
from the graph thus olrtaincd expansions for 
other pressures are readily determined. With 
slight and obvious modifications contraction 
coeiTicients may also bo measured. 

(15). Of the Apparnit ('huTvge in the Weight 
of a Cooling /W//.--Wh<'ii it is necessary to heat 
a body before its weight is determined, ample 
time must bo allowed for the subsequent cooling. 
'Pho tune required for a hot body to assume the 
temperature of the balance case is greatePthan 
one W'ould in general 8up[io8<». The importance 
of delaying the weighing until the object has 
acquired the. UMniicraturc of the surrounding 
air IS admirably illustrated in the following 
Fig. 25. ^ * 

I’ho data for the above gra])h was obtained 
as follows : A No. 00 B.P. crucible was heated 
to bright redness for some time and then re- 
moved from the flame. When the crucible was 
no longer visibly hot, it was placed upon the 
balance and immediately ^eighed under ordinary 
conditions ; this weighing \%s follow'od by 
tithers at convenient intervals until 0 weighings 
in all bad been carried oufi During th^ period 
of half an hour |oqiiired for the experiment, the 
weight of the crucible was constantly growing, 
at first rapidly, and then slowly ; axui notwith- 
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standing tho smallness of the mass, its limited 
surface and the free cooling in air, the apparent 
weight of the crucible had not attained a 
maximum value when the experiment was 
terminated. Tho observed changes in the 
apparent weight result from a summation of 
various effects of which tho following apj)car to 
bo tho chief. 

1, An apparent increase in weight duo to (a) 
the gradual re- condensation of moisture upon 
tho glazed surface ; (5) a slight increase in the 


length of the arm supporting the object 
i>an ; (y) the re-absorption of air and moisture 
by the porous mass of the crucible; and 
(5) tho lessened buoyancy of the heated air 
immediately enveloping the crucible and balance 
pan. 

2. An apparent decrease in weight due to 
ascending convection currents which tend to 
lift the object pan. 

The lengthening of tho balance arm noted in 
1 (3) is effected by the heated air rising from the 



cooling crucible. Tho re-absorption of air and 
moisture (1, (jS)) by the general mass of tho 
porcelain was rend^d possible by the entire 
absence of glaze upon tne bottom of the crucible. 
When the crucible is completely glazed, the 
internal condition of the porcelain remains 
presumably for all practical purposes, strictly 
constant. 

(10) Concerning Ordinary Balance Cases , — 
(a) With few e^peptiCiis the top of the usual 
balance case consists of a sunk glass panel a, ^ 
(Fig. 26) ; this is a constructional defect which 
we re&iedv in tho following way. A strip of 
velvet p about an inch wide is fastened by means 
of thin glue or seccotine along the four sides and 


near the edges of tho top of the balance case, 
as shown in the accompanying Fig. 26. 

When the glue has nardened, but not before, 
a piece of plate glass ab, sufficiently large to 
just overlap the rectangle is placed upon the 
velvet. The velvet surface not only grips the gloss 

but also acts as a highly efficient filter and so 
prevents dust from penetrating to the ordinary 
panel within. The added panel is easily dusted, 
and during the cleaning we do not as before 
incur the risk of forcing dust between the glass 
and the supporting surfaces and so to the 
interior of the balance case. 

(/3) The case of a precision balance should 
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be opened or closed by sliding rather than bv 
hinged doors. When a hinged door is opened 
the pressure of the air within the case is 
momentarily lowered ; in consequence of this, 
the external air rushes through the innumerable 
crevices in the framework, and sweeping bebire 
it the erstwhile quiescent dust, charges the spac e 
within with floating particles. 'IMiis fail ina\ 
be verified by conducting an nmid m 

bright sunlight; on opening t)a door tlu‘ biiii< 
beams at once reveal the in com mg dust. 



(y) All sliding doors sliould run with great 
smoothness, and they should be fitted with 
counterpoising weights after the manner of 
ordinary window sashes. Shutters that are 
arrested by dutches are highly objectionable. 
During the working of a clutch vibrations are 
set up, and those arc communicated to the balance 
with detrimental effects. 

(17) OJ the Different Methods of Weighing , — 
An article on weighing is incomplete unless it 
contains some allusion to the several methods 
available for accurate w'ork ; but those methods 
are so well known both in theory and practice 
that .the briefest outline will hero suffice. To 
begin with, we take it as granted tliat an 
experimenter seeking for high precision would 
use the method of vibrations for ascertaining the 
R.P. of his balance; in the preceding article 
this matter has been dealt with by the late 
Prof. Dittmar ; and, therefore, further comment 
would appear uncalled for. Secondly, apart 
from the common differential method used by 
chemists and physicists for miidi of their work, 
there remain (1) the method of Borda, and (2) 
that introduced by Gauss. 

(1) In Borda’s method the object to be 
weighed is placed in cither pan, and then 
accurately counterpoised by any convenient 
unknown masses ; such masses may consist of 
indifferent brass weights, lead shots, fine sand, 
&c. When the adjustment is complete, standard 
masses are substituted for the object, and these 
are varied until equilibrium has been re-estab- 
lished. Given unchanging conditions, it is 
obvious that the total weight of the standard 
masses equals the sought-for weight of the body. 
To this method may be opposed the two objec- 
tions: (a), its tediousness and (/3) the impossi- 
bility of adjusting two initially different magni- 
tudes to precise equality. These objections are 
80 weighty that il^orda's method is, compara- 
tively speaking, but seldom used. 

(2) Follrming Gauss and using the snetliod 
of vibrations, the H.P. is found with the object 


first in one pan and then in Hie oilier; two 
di'tei ininations, //,, i/j, of the |{ P an* thus 
obtained 'I’hen if S bo the sensibilily of (lie 
balance in iiig , the difference D bel\M'i‘ii the 
weight ot tlie staiulani mass employed and that 
of tlie object is given by the equation 

S mg. 

and the np]i.irent ^\el^^llt I'f I lie b('d\ i.s I bus 
determined. 'Tiii' supn loi it\ ol tins method 
over others is basnl upon a pimeiple well 
understood by physicists, tliut m gencMl it is 
easier to determine with nn ura« \ In how iiiiieli 
two magnitudes differ than to diseoMi- Iho 
true value of either. 

For some further information upon the m u 
important subject of highly refined weigluug, 
thereadei maybe referred to’(l) ‘The Limit.it mns 
of the ILilam e,' II. Hlount, Chem. Soe Tiaiis. 
I')17,M'I in id:!.'). (J) ‘ Vacuum Bala lua* ( 'uses,’ 
Blount am I WiimloHlv, Thorn. Soe. 'I’l-ius. IHIS, 
V ol exiii. 81 ; (.‘1) ‘ Observations on the Anomalous 
Iteliaviour of Delicate Balances,’ Maiili'v, 
Trans. Series A, vol. rex. .‘187-115 ; (I) ‘On Iho 
Apparent Change lu \V(M‘dit duiiiu' ChimuMl 
Reaction,’ Manl(‘y, 1 Mill 'I’laus Senes V,m.I i i mi. 
227-2fiO; (5) ‘Observed ViinatioiiN in the 
Temperature Coenieients of a Precision Balance,* 
Manley, Proe. Roy. Soe. A, vol. Iwxvi. fifil-fiOO; 
and (6) ‘Dependence of Om\ it\ ou'l’i mperature,* 
Southerns, Proc. Roy. S«»e \, m 1 Ixxviii, 
303. As the above third'iiamed jiaper contains 
references to other papers bearing upon the 
same subject, it is unnecessary to repeat them 
here. 

In concluding this particular branch of an 
interesting subject, wo may state that by 
availing ourselves of all precautions at present 
known to us, it has been /ounil possible to attain 
the accuracy of ± 1 in 2 X lO* or thenubouts. 

Micro-balances. — For the accurate determina- 
tion of exticrnoly small masscj^, instruments 
known as micro-balances are used. These are of 
two types ; the action of tlie one depends upon 
torsion, and that of the other upon gravity ; 
but of the two the latter has been the more 
successfully and highly developed. Nemst and 
Riesenfeld (Ber. ltM>3, 3(1, 2080) described a 
torsion balance sensitive to O’OOOfi mg. with 
a load of several milligrams (for ajiplieations of 
same, v. Janecke, Ziitsdi. aii.il. Cliei.i l‘»0l, 
43, 647; Brill, Ber. lliuri, ;ts, M(j ; JliiJI and 
Evans, Chem. Boc. Trans. 1908, 93, 1442).. ’J’lie 
zero of tins balance is inconstant, and its 
sensitiveness varies greatly with the load. 
Gravity balances have been mode by Steele and 
Grant (Proc. Roy. Soc. 1909, A. 82, 680), and 
modified by Gray and Ramsay {ibid, 1911, A. 
81, 63(>; 1912, A. 80, carry loads ranging 
from 1 or 2 mg. to 1 decigram with a sensi. 
tivencss of 1 x 10-’ to 4 X 10~* grm. The zeros 
of these balances remain constant over long 
periods of time. 

The beam, consisting of thin silica ro Is fused 
together to form a framewtrkai^hown in Fig. 27, 
has a length of 10 ems (in Fig. 28 (a) a beam 
naving a more rigid tyj e is roiiresonted). The 
quartz knife edge rests uj^m a highly imlished 
and truly yilanes quartz surface securetTto the 
top of the brass pillar b 
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The vibrations of the balance are observed 
by means of a beam of light introduced through 
the window c and reflected by a tiny platinised 
quartz mirror fused to the beam at d ; with the 
mirror in this position, its angular movements 
are not accompanied by appreciable ones of a 
translational kind. The rcffoctod light falls upon 
a vertical mm. scale placed at some convenient 
dhitanco from the mirror. Tf:o three-way tap e 
allows the interior of the balance case to be 
put into communication with cither the atmo- 
sphere or a vacuum pump; the manometer r 
records the pressure within the case. A fine 
quartz thread ftisr-d to tfie beam at o suppurts 
(i.) a quartz bulb n of known volume V e.c. 
(either tilled uith air or vacuous), (ii.) the .scale* 
pan J, and (iii ) a quartz counterpoise k. The 
whole hangs witliin iho tube l (fitted to the 
case by the ground glass joint m), and is 
eountcrpoi ed by a solid bead of silica fused to 
the beam at n. A little uianium ovido insidci 
the ease ionises iho air anri eliminates disturb- 
ing electrical effects ; and cal lutu chloride in 
L keeps tiio interior dry. 



To perform a weigliing, the pressure in the 
cose is suitably lowered (to P, at temp. Tj abs.), 
and the position of the reflected spot of light on 
the soalo taken as the zero. The substance is 
then placed on the pan J, and a now pressure 
(P, at temp. T. abs.) clctorminod under which the 
zero of tl\o balance is recovered. The weight of 
the substance is then given by the expression 
1 c.c. air at N.T.P.) 

273V<ro/P2 P,\ 

760 VT, tJ 

The usual vacuum correction is, ojf course, 
noceraary. Only weights less than the weight 
of air that the bulb^.n can hold may bo thus 
determined. To measure greater weights, the 
oountorpoise k is replaced oy a lighter one ; a 
series of such counterpoises is required, and the 
differences between their weights may be 
measured on t’' e mici o- balance itself. It is con- 
venient to make the^ead n counterpoise the 
bulb, fecalo pan, &iid a set of weights (Fig. 28 (6)) 
(ranging from 2 to 0*1 nigm. and made from* 
capillaj^ quartz tubLig : these are calibrated on 
the balance). In weighing a &qj|)8tance, weights 
are removed to obtain a coarse ^'ustnient; the 


pressure within the case is then altered, thereby 
making the (variable) buoyancy of the air on the 
bulb II effect the fine adjustment. The absolute 
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accuracy of the weighings is limited to the 
accuiacv with wdiich V may bo determined; 
their relative accuracy is much greater. 

In a balance constructed by Steele and Grant, 
the beam, &c. weighed 0*93 grm., the bulb H 
had a capacity of 0*422 c.c. and contained 
5*04x10“* grms. of air; the balance had a 
period of 33 secs., and was sensivitive to 
4X 10”* grm. 

The micro-balance of Gray and Bamsay has 
been modified by Hans Pettersson ((Joteborgs, 
V^ct. Vitterh. Samf. 1014, 14th scries, xvi ). 
In the altered form the central knife edges are 
dispensed with, and the beam suspended, as 
shown in Fig 29, by two thin quartz fibres, 





Fia. 29. 

which are highly attenuated at their points of 
junction with the horizontal rod. Pettersson 
also greatly improved the balance case; and 
for a vacuum-tJglit cement he uses an alloy 
having a low fusing-poiiit. Further, the 
beam arrestment is magnetically controlled 
through the top of the balance case; in 
this way, certain sources of error, due 
to possible air leakage, are avoided. R. 
Strombeig (Annalen, der Phy- 
sik. 1915, 47, 9.39), has improved 
the Pettersson balance, and at the 
same time increased its sensibility 
by the substitution of detachable 
for fixed threads. The form of the 
Stidmberg suspension is shown 
in Fig. 30, and the complete Fig. 30. 
Pettersson-Strombeig beam and 
its accessories in Fig. 31. To the axial rod 
of the^baloncc are attached (1) a tiny screw 
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, for adjusting the centre of gravity, and (2) 
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ninuto plane mirror ?«, for indicating with t 
lid of reilccted light tho angular position of t 


a beam. A section of the complete balance is 
shown in Fig. 32. An instrument of this type 
when carrying its maximum load of 50 mg., 
may apparently have a sensibility as high as 
•01 /i-mgrm. (1x10-^^ grm.). Tho Pettersson- 
StrOmberg balance has been used for testing the 
validity of Poyn ting’s law at high tomperotures, 
for measuring tho volatility of silica at 800° G., 
and also for the accurate determination of the 
diamagnetic constants of gaseous hydrogen and 
nitrogen. 

A simple form of micro- balance for determin- 
ing the density of a gas has been described by 
F. W. Aston (Proc. Roy. Stic. 1914, A. 89, 439). 
The balance, which is made entirely of quartz, 
is repn'sontcd in Fig. 33. 'I’lie beam consists of 
two thin rods fused together ns shown ; the 
lower end of tho shorter rod, terininiiteB in a 
knife edge wliich rests upon a quartz plane. 
To one end of tho beam is fused a bulb A, having 
a capacity of about 0*3 c.e., and to the other the 
counterpoising rod r. Tho ease, made of root- 
angular pieecs of plato glass, is as diminutive as 
circumstances permit; tho cell containing the 
beam is not more than .3 mm. wide, and its 
volume is a few c.c. only. A special chamber f, 
which is cemented to tho left end of the crm, 
is dosed by the stopper «, which is pushed in 
until it just fails to touch the contained bulb. 
One limb of a T-tubo having a capillary bore, 
gives access to tho interior of tho balance case ; 
the second limb is fused to a mercury manometer, 
and the third to a 3- way tap. Py means of 
this taj) communication between tho balance 
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and an air-pump or tho jras-admissirm apparatus 
can be c*Htai»lislu*<l. VV'ith tbc above (b-m-ribed 
apparatus tlic density of a gas is usually deter- 
mined nt a pressure of about 100 mm. of mercury 


Measured at N.T.P., the volume of gas actually 
required for an experiment is approximately 
0*6 C.C. A density determination is carried 
cut as follows : The balance case U first highly 



r s h.iio l< (1, the gas of uhidi the <1* n-it \ 

n iM ndmitted until the bulb rises ami tin 

pojtil p ()l tilt I ount<.'rpoiso appears in the field 
a l'\i d n.nliug microscope. The pressure is 
then vuiieil until the beam CMunes to rost at some 
convenient but quilc ailjiti.nv */< n», and the 
ntanometer read. Kin.illy, lln* «.ise is re- 
exhausted and the experiment repeated with a 
gas of known density. The latio of the densities 
of the two gases is equal to tho inverse ratio of 
the corresponding piessuii s 'FIk' determination 
can bo made in a f(‘\v nuniitc s, and with an 
accuracy of from 0-J to 0 01 p.e. For accurate 
moasuremonts Aston’s micro- balance needs, 
no less than the heavier precision instrument 
{inde auprn)t a preliminary fatiguing. 'I’hns 
operation appears to bo best carried out by 
maintaining for some days a high vacuum 
Within tlio balnnro case. 

lliesonfeld and Mbller (Zeitsch. Elect rochem. 
1915, 21, l.*U) describe a form of micro-balance 
for wlucli th(‘y claim a sensibility of 3'3xl0~® 

f ;rm., when the balance is carrying its maximum 
oad of 5 mg. The beam is a glass cajnllary 
tube 13 ems. long ; this is supported b> a quartz 
thread attached at a point 3 cms. froiii one end. 
A mirror, made from a quarter of a microscope 
cover glass, is^sccurcd to the end of the sliortci 
arm, and from the other end of the beam the 
pan is siKspondcd. Various ways of supporting 
tho pan are described, but the most sucres.sful 
for high sensitiveness is that obtained by 
fastening a quartz thread horizontally and at 
riglif nngl<“^ to the end of the arm. From this 
IS hung the <|ii.iit/ tliiead which carries the pan. 
Thu arrcstmeiil consists of a clamp of two 
feathers, placed near tho end of the longer 
arm. 

Kramer (Chom. Zeit. 1917, 41, 773) has 
constructed a micro- balance of the usual type, 
with a carrying capacity of 1 gnu. The 
length of tho beam is 154*4 mm., and the 
weight 7*825 grm. When tho balance is un- 
loaded the sensibility is equal to 48 divisions 
per 0*1 mg , this oct reuses to 35 divisions 
for a load of ItX) mg., and to 10 divisions 
for a lead of 1000 mgr. A division equals 
0 35 nun 

The micro a^say balance, known in Germany 
as a ' Mikto-Chemisclie Wagon.’ is a chemioal 
balance in miniaturvi, it stands as it were 
midway between the high grade chemical 
balance of precision and the true micro-balanc& 
of Storlc and Craifi and others. The beam, 
which may have a carrying rapacity of from 
1 to 20 gruib., IS rigid and exceptionally bglit ; 


-‘.UK* nf flu- niDro modern beams are also ot- 
Iiciik K slioit. J''irst-clas8 instruments liave a 
high sensibility, and when lightly loaded the 
beam will usually indicate differences in weight 
ranging, according to tho sensibility of the 
balance, from 05 to -005 mg. 

Fig. 34 represente a highly sensitive micro- 



assay balance by Kuhlmann of Hamburg. The 
beam, which is 7 cms. long, is built to carry a 
maximum load of 20 grins, in each pan. The 
sensibility is ^u^•h that each scale division 
corresponds to ’lU mg. ; and by a special 
device for reading tenths of a scale division. 



differences in weight as small as *001 mg. can 
be obsei-ved. 

It may be unnecessary to add that the 
reni.n' nial snggt tiial ha\e been made 

in L(tinuv.lKni with tJic hcaMcr balance of 
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precision are equally applicable to the assay 
balance. 

A simple form of micro-balance for use in 
bacteriological laboratories, has been described 
by Shaxby (Proc. Phys. Soc. of London, 1019, 
32, 21. The instrument is for loads vary- 
ing from 0*006 to 0*6 grm. ; its sensibility and 
* dead-beat* character are* such that weighings 
may be carried out rapidly and with an 
accuracy of from one to two parts per thousand. 
The balance (Fig. 36), constructed of * Meccano * 
strips, consists essentially of three parts: (1) a 
tripod of which the hinder leg I terminates in 
a small flat foot which can be fastened to the 
table by means of n drawing-pin ; (2) a horizontal 
strip h 2 feet long secured to the top of the 
tripod; and (3) a pair of compound vertical 



Fig. 30. 


arms caclr consisting of a 25- hole strip a to the 
upper end of which is bolted a G hole strip 6; 
each arm is suspended at a point just above its 
centre of gravity by means of a silk thread / 
passing through a glass tube T (Fig. 30), having 
rounded edges and a length of i inch ; tlie ends 
of the thread are held as shown bi^ wire pins pp. 
The required * dead-beat ’ action is obtained by 
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immersing;^ the aluminium vanes with which the 
arms are provided in water (Figs, 36 and 37). 
The balance is completed by jinking the arms 
together with a fibre/ (Figs. 36 and 37) of unspun 
Bilk from the central p^ int of which is suspended 
a- paper pan p for receiving the objects to be 
weighed. For weighing slips of paper before and i 
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after the absorption of a liquid, an aluminium 
clip c (Fig. 38) is substitutecf for the pan shows 
in Fig. 36. The balance is adjusted by vArying 
VoL. L— T. 


the inolination of the strips hb (Fig. 36} ; and by 
the same means the tension of the thread and 
therefore the sensibility of the instrument can 
be altered. Before use the balance must be 
calibrated ; and this is done by placing in the 
pan, each in turn, a series of five weighto equal 
to one-fifth, two-fifths, of the maximum 
load, and noting tho resulting depressions of 
the central point of tho fibre / with the aid of 
a vertical mni. scale placed behind it: the 
requisite precautions are, of course, taken to 
avoid parallax in reading. Weight values are 
I now plotted against corresponding depressions 
and a smooth curve termed a iveight curve 
drawn. To determine an unknown weight the 
object is placed in tho pan or clip and the 
resulting depression toad : this being known 
the weight with tho aid of the graph can be 
ascertained. J. J. M. 

BALANOPHORE WAX v. Waxzs. 

BALATA is the product obtained by coagu- 
lating the latex of Mimuaopa gkbosa, Gaertn.,. 
a large forest tree, belonging to the natural ordp 
Sapotacese, which is a native of British, Duten, 
and French Guiana, Venezuela, Trinidad, 
Jamaica, and probably Brazil north of the 
Amazon. In British Guiana and the West 
Indies the tree is known as the ‘ bullet * or 
‘ bully * tree. 

In physical properties and ohemioal composi- 
tion, balata resembles true guttapercha, for 
which it is the best natural substitute, and it is 
of interest in this connection that the tree 
yielding it belongs to the same order as the trees 
{Palaquium spp.) which furnish ^ttaperoha. 

The balata trees are tanpea by making a 
series of incisions in the baric, so arranged that 
the latex can run down to the base of tho trunk, 
whore it is collected in a calabash. The latex 
! is afterwards poured into shallow wooden vessels, 
which are usually greased or nibbed with soap 
to prevent the balata from adhering to them, 
and allowed to stand exposed to the air until it 
has coagulated spontaneously ; a sheet of balata 
is thus formed, which, when suffisiently hard, is 
removed from tho vessel and hung up to dry. 
The coagulation of tho latex may also be brought 
about by boiling, in which ease the balata is 
' obtained in the form of ' block.* Formerly it 
was the custom to fell the trees and then to out 
rings in the bark in order to obtain the latex, 
but this practice, which involves the destruotion 
of the trees, is now prevented as far as possible. 

The latex of balata trees usually flows freely, 
and, in favourable circumstances, the yield from 
a tree 16-20 inches in diameter, tapped»to a 
height of 8 feet, is about 3 pints, representing 
from 1} to 2 lb. of dry balata. 

Gommercial balata may be either grey, 
pinkish or brown. When immersed in hot 
water it behaves like g^taperoha, becoming 
soft and plastio, and, ^!n cooling, it slowly 
hardens again without becoming brittle. 

Balata is also similar to guttapercha in 
chemical composition, oonusting essentially of 
a hydrocarbon {guUa), of empirical formula 
CioHit, associated with resins; the commercial 
pr^uot also includes %aryii^ amounts of 
insoluble matter (dirt) and moisture. Balkta 
contains a much higher proportion of resins 
than good guttaperob^ ancTis therefore Merior 
in quality io thc^ latter; when compared with 

9 H 
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ratUperehaeontalnlnff a similar amount of rosin. The composition of Balata is shown the 
it istotmd to be a little softer and more flexible, following typical analyses : — 


Description. 

floorce. 

Ifolstare 
per cent. 

Ontta 

per 

cent. 

Besin 

per 

cent. 

Froteid 

per 

cent. 

Dirt 

per 

cent. 

Ash 

per 

cent. 

Specially prepared sheet ’ 
Block balata * 

Commercial specimens ** 

Balata* • , 

British Guiana 
VenezueU 

Mostly British Guiana 
Dutch Guiana 

1-9 

1*8 

13'8 

5-3 

49*7 

45-7 

41-5 

43>5 

440 

44*2 

34*8 

36*9 

3-8 

3*0 

nil 

6-3 

9*9 

14*3 

0-6 

[1-28] 


The gotta of balata is very tenacious and of 
excellent quality; it is insoluble in alcohol, 
acetone, ether, or cold petroleum spirit, but is 
readily dissolved by chloroform, carbon disul 
phide, or boiling petroleum spirit, 'i'he resins 
present are simiuir to those of guttapercha, and 
consist of (1) a white crystalline resin (alhane) 
soluble in hot but insoluble in cold alcohol^ 
and (2) an amorphous yellow rosin (fluaviU) 
soluble in cold alcohol. An examination of the 
total resin of balata by Obach showed that it 
consisted of about 2 parts of albano to 3 parts of 
fluavile. 

Balata is utilised commercially as a substitute 
for guttapercha. Its chief applications arc for 
the manufacture of belting, in which the .balata 
is interposed between layers of canvas ; for 
insulating purposes ; and for the manufacture 
of the covers of golf balls, after the removal 
of the greater part of the resin by solvents. It is 
also employed to a considerable extent for mixing 
with rubber, and for numerous minor purposes. 

The bulk of the commercial supplies of 
balata are obtained from British and Dutch 
Ciuiana and Venezuela. (!f. Ter I^aag, (*aout. et 
Uuttapcrelia, lUJfi, 12, 8t)J!K 11. B. 

BALLISTITE r. Kxri.osivics. 

BALLOON or FLEXIBLE VARNISH v, 
Vaknish. 

BALL SODA v. Soda MANurvcTURE, art. 
Sodium. 

BALM OF COPAIBA v. Oleo rksiks. 

BALM OF GILEAD. Mecca or Opobnisnm 
(v. Oleo-rb<)ins). 

BALSAMS. The exudations of plants, 
whether spontaneous or promoted by incisions 
made in their stems or roots, consist chiefly of 
resin, gum, volatile oil, and certain aromatic ' 
acids, or mixtures of these. The rtsina are 
characterised by insolubility in water and 
solubility in alcohol, the guvM by solubility 
in water and insolubility in alcohol, and 
both' by not being- volatile without decom- 
position. In certain exudations the resin is 
dissolved in volatile oil, forming the class of 
oUo Tcsins of which the so-called Canada balsam 
is an instance. Gum arable is a familiar in- 
stance of a gum obtai^"^ direct from the plant ; 
mastic is an instance of a resin. The class of 
gum^re^ins may bo represented by myrrh. 

Now, amongst these resins and oleo-resins 
there is a group the members of which are marked 
by possessing a peculiar fragrant odour and 
agreeable pungent taste, which is due to the 
presence of fret or ^mbined cinnamic or ben- 

^ Analysed at Jmnsrlal Institute. * 

a iiaalysed by Dr!x)bach. 

a Averase figures for nfnetegn commercial lots 
representing 60 toqs. 


zoic acid. These are the balsamSt and i* is 
convenient to consider them as a class by them- 
selves. The word ' balsam,’ it is true, has some- 
times been used in a wider sense — indeed, it was 
originally employed for an oleo-resin resem- 
bling the so-called Canada balsam ; but it is 
more convenient to restrict the term to resins or 
olco-rcsins which contain cinnamic or benzoic 
acid. The balsams have long been familiar to 
writers on materia medica, some of them being 
known to Pliny, and even earlier to tlie Greek 
physicians. 'I’hcy are favourite constituents of 
the incense used in the Greek and Itbman 
churches, and while 4h(‘y cannot bo said to have 
an important therapeutic value, they arc reputed 
mild tonics and stimulants and are a common 
flavouring agent in expectorant medicines. The 
following are the more important : — * 

Benzoin. Gum Benjamin ; BenzcHntim, 
B.P., U.S.P. {Benzoin, Fr. ; Benzoihnrz, Gcr.). 
The benzoin of Java and Sumatra is derived 
from the thick-stemmed trees of Styrax Benzoin 
(l)ryandcr, Phil. Trans. 1787, 303; Bcntl. a. 
Trim. 100), while the more highly prized Siam 
licnzoln is probably obtained, according to 
Hoyle, from the Styrax Finlaysoniaim (Wall). 
'I’he sourcjc of Siam benzoin is, however, still 
iinccrtam (Holmes, Pharm. J. [3J 1 1, 354). The 
firat European uritcr to mention benzoin is 
Batuta, who travelled in the East early in the 
fourteenth century, and from that time to tho 
present day the drug has been an established 
article of materia mcdica. It is largely used for 
incense and in the preparation of fumigating 
pastilles, and enters into tho well-known Friars* 
Balsam or compound tincture of benzoin, a 
favourite dressing for wounds. 

Tho juice exudes from tho trees as the result 
of incisions, and it is allowed to harden before 
it is removed. During the first three years 
of the life of a tree the balsam dries in the form 
of tears. This is called head benzoin, and is 
the most highly reputed. A less esteemed 
variety is obtains during the following seven or 
eight years, which is browner in colour and is 
ctulod beHy benzoin. Lastly, tho trees are imlit, 
and the commoner foot benzoin is scraped off 
{cf. Fliick. a. Hanb. 405). 

Benzoin is obtained as a hard brittle moss, 
consisting essentially of a mixture of resins 
together with uncombined benzoic and some- 
times cinnamio acids. The resins are entirely 
soluble in solution of potash and in alcohol, bat 
by their behaviour toward other solvents they 
have been disUi^ishcd as a-resm, Ao. 

(Unverdorhen, Fogg. Ann. 8 , 387 ; Kopp, 
uompt. rend. 19,* 1269 ; Van der Vliet, Annaien, 
34, 177). The yield of benzoic add varies from 
12 to^20 p.o., being on an average about 14 p.c. 
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To extract it (1) the benxoln may be mixed with 
sand and heated in a suitable vessel, over which 
is placed a receiver to collect the va^uTS of 
benzoic acid, which condente in beautiKil tufts 
of acicular crystals : or (2) the benzoin may be 
boiled with milk of lime, filtered, and after 
concentration of the calcium benzoate solution 
thus obtained, the benzoic acid precipitated by 
hydrochloric acid : or (3) the free benzoic acid 
may be extracted by treating the powdered 
rosin with warm carbon disulphide. Liidy 
(Arch. Pbarm. 231, 43) has shown that the 
a*« 19-, and y* resins of the earlier investigators 
are mixtures of the partially hydrolysed cinna- 
mates of the rosin alcohols present, the a-resm 
being the least and the y- the most hydrolysed. 
He also finds that benzoin from Sumatra con- 
tains henzotc acid^ atyrenet traces of benzaldehyde 
and benzertp, 1 p.c. of vanillin, 1 p.c. of phenyl- 
propyl cinnamate, 2-3 p.c. of ctnnamyl ctnnamnle, 
and a mixture of a little hemoreainol cinnamate 
with much reainotannol cinnamate, this mixture 
forming the main constituent of the balsam. 
In addition, woody impurities occur to the 
oxtent^of 14-17 p.c., also free cmnamic acid, but 
to a less extent than freewbenzoio acid. By 
hydrolysis of the mixture of bcnzoresinol and 
resinotannol cinnamates the two alcohols arc 
obtained, hemoreainol C,.H ««0«, consisting of 
white crystals, and reainotannol 
a brown amorphous powder. 

Siamese benzoin also examined by Liidy 
(Arch. Pharm. 231, 401) differs from Sumatra 
benzoin by containing no cinnamio acid cither 
free or combined, the main constituent being a 
mixture of a little bcnzoresinol benzoate with 
much aiaresinotannol benzoate. The total amount 
of benzoic acid from both esters was 38*2 p.c. 
The alcohols obtained by the liydrolvsis of the 
resin are present in the proportion of about 1:11. 
The benzoresinol is identical with that obtained 
from Sumatra benzoin and crystallises in white 
prisms ; m.p. 272®. Siareainotnnnol C„HuO, 
IS a brown powder very similar to resinotannol 
obtained from benzoin of Sumatra. To dis- 
tinguish between Sumatra and Siam benzoin, 
0*6 grm. is slowly heated to 40® C. with 10 c.o. 
potassium permanganate solution, when the 
Sumatra variety gives the odour of benzaldchydo 
(U.S.P.). 

Benzoin, with the exception of woody frag- 
ments always present in the cake variety, should 
dissolve in five times its weight of alcohol, and 
this solution should give with water a milky 
emulsion having an acid reaction ; not less than 
75 p.c. of Sumatra and 90 p.c. of Siam benzoin 
should be soluble in alcohol. Adulteration with 
resin may be detected by wanning with 
petroleum benzine or carbon disulphide, wash- 
ing the benzin solution with sodium bicarbonate 
and then with water, and finally shaking with 
copper acetate solution : a green colour indicates 
the presence of resin. 

Fern. Balaamum Peruvianum, B.P. ; 

U. S.P. {Baume de Pirou, Fr. ; Perulaleam, 
Get.) 

A dark molasses- like liquid obtained in the 
State of Salvador in Central America from trees 
of Myroxylon Ptreirm (Klotzsch). Description, 

V, Benti a. Trim. 83. Balsam ol Peru was pro- 
bably Introduced into Europe soon alteirthe 
Spanish conquest of Quatemaia in 1624 (FlndL a. 


Hanb. 20C). The bark is bruised and scorched 
late in the autumn, and the exudation excited 
by this means is oolleoted (Fliiok. a. Hanb. 297 ; 
Dorat, Amer. J. Pharm. [3] 8, 302 ; Hanbury, 
Pharm. J. [3] 6, 241, 315). 

Balsam of Peru sinks in wrater, in which it 
is insoluble. It has a sp.gr. of 1*140 to 1*158 
(1*130-1*160 at 26®, U.S.P.). It is soluble in 
absolute alcohol, chloroform, acetone, and glacial 
acetic acid. Examined by Kraut (Annalen, 152, 
120) and Kachlor (Ber. 2, 512), the chief con- 
stituent of Peru balsam was supposed to be 
cinnamtin, benzyl cinnamate 

r.H. OH : CH COOC^H, 

Kachlcr*8 analysis of Peru balsam is *. — cinnamio 
acid 40 p.c., benzyl alcohol 20 p.c., rosin 32 p.c. 
(’/. Attlield (J. 1863, 667) ; Delafontaine (Z. 
1869, 156) finds in addition to benzyl oinnamato, 
cmnamyl cinnamate or alyracin, Trog. (Arch. 
Pharm. 232, 70) by suitable treatment has 
divided Peru balsam into two constituents, an 
oil and a resin. The liquid portion, known as 
cinnamcin to the earlier investigators, consists 
of benzyl benzoate with a small quantity of 
benzyl cinnamate and forms from 56 to 60 p.c. 
of the balsam ; cinnamic acid and vanillin arc 
present, in very small proportions. The rosin 
when hydrolysed yields cinnamio acid and a 
small proportion of benzoic acid and perureaino- 
tannol, a resin alcohol of the formula CisH,oC),. 
The balsam has also been examined by Thoms 
(Arch. Pharm. 237, 271). 

The B.P. demands that at least 57 p.c. shall 
remain in ethereal solution after shaking with 
Ar/2 NaOH solution ; this portion, termed oinna* 
mein, must have a saponification value of not 
less than 235. The U.S.P. requires an acid 
numbcr/)6 to 84 and 50 to 56 p.c. of cinnamcin, 
extracted by ether from 4*5 p.c. NaOH solution ; 
the saponification value of the oinnamein must 
bo 235-238. 

A useful tost is that 1 grm. balsam should 
give a clear solution with 3 grms. clfioral hydrate 
in 2 c.c. water. Among the adulterants used 
have been copaiba, gurjun colophony, Ohnada 
turpentine, storax, tolu alcohol, &c. I’ho 
presence of turpentine may bo detected by 
warming 1 grm. balsam witli 5 c.c. purified 
petroleum benzine on a water- bath ; the petro- 
leum extract on evaporation should yield no 
smell of turpentine and give neither green nor 
blue colouration with a drop of nitric acid, 
showing absence of resin ( U.S.P. ). On shaking 
the balsam with water, a diminution in *its 
volume will occur if alcohol has been added; 
the specific gravity also gives information as 
to the probable presence of alcohol. 

(For other modes of testing, v. Hirschsohn 
(Pharm. Zeit. 16, 81) ; Fl(i|{«ger (Pharm. J. [3] 
12, 45) : SchUokum (Arch. Pharm. [3] 20, 498) ; 
MacEwan (Pharm. J. [3] 15, 236) ; Andr4o 
(Arch. Pharm. [3] 22, 661) ; Dcnner (J. Pharm. 
Chim. [5] 18, 259). Testing of balsams, resins, 
and gum-resins ; Pharm. J. [3J 17, 547.) 

A White Peru Balaam^ia sometimes pre- 
pared in Salvador by expression ftom the fruit 
of Ihe Myroxylon P&reiraa. It is a golden yellow 
semi-fluid granular crystalline mass oontaiping 
a ciystallSie resin, myroxoearpin Os^HmOs, 
toffetner with etyrolene, atyracin, and ctwnamic 
atSd (Stenhouse, Annalen, 77, 306; Pereira, 
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Annftlen, 77, 300 ; Scharling, Annalen, 97, 70 ; 
Hanlon a. Malscb, J. 1875, 850). (For more 
recent inTaatigations, see Germann ^rch. Pharm. 
234, 641 ) ; Biltz (Chem. Zeit. 26, 436) ; Thoms a. 
Bilfcz (Chera. Zentr. 1904, ii. 1047) ; HellstrSm 
(Arch. Pharm. 243, 218). For other varieties 
of Peru balsam, v. Fluck. a. Hanb. 210.) 

Storax, Liquid Storax ; Balsamum Stf/raeis ; 
Slyrax ^Mparaius, B.P. ; Styrax, U.S.P. 
{Htyrax lAquide, Fr. ; FlUssiger Storax, Ger.) 

Storax balsam is derived from trees of 
Liquidambar ortenialis (Miller), which are 
natives of Asia Minor (c/. Bentl. a. Trim. 107). 
'J'his liquid storax is nearly related to another 
harder resin — the exudation of the Styrax 
officinale (Linn ). Both have been known 
since the later Greek period, but the latter is 
now no longer an article of commerce. Storax 
hofi been identihed in the resins obtained from 
embalmed Egyptian mummies dating baqk 
about 3000 years (Tschirch and Reuter, Arch, 
pharm. 2^, 170). To obtain the storax the 
outer bark of tlin tree is removed, and the inner 
bark is collected and boiled in water. The 
balsam melts and rises to the surface and is 
skimmed off. 

Liquid storax is heavier than water, about 
the consistence of honey, and of a greyish- brown 
colour. It always contains a little water, which 
imparts to it a greyish opacity. When this is 
removed, by long standing or by heat, the resin 
becomes quite transparent. Dried in this way it 
is soluble in alcohol, ether, carbon disulphide, 
and volatile oils; but not in light petroleum. 
The odour of storax is agreeably balsamic and 
the taste aromatic and nungimt. Examined 
with a microscope crystals may bo detected 
which have been identified, the feathery spicular 
crystals as styracin, and the rectangular tables 
and short prisms as cinnamic acid. 

Storax contains 10 p.c. to 20 p.c. of water, 13 

{ ).c. to 18 p.c. of woody and inorganic impurities, 
eaving 56 p.c. to 71 p.c. of matter soluble in 
alcohol, which consists chiefly of styrene, meta- 
styrene, cinnamic acid, styracin, and a laigo 
proportion of resin (Fliick. a. Hanb. 275). The 
alcohol-soluble part constitutes the styrax 
praeparatus of the B.P. 

Styrene or phenylothylone C,Ha’CH : CHj is 
obtained as a colourless mobile liquid by distill- 
ing storax with water (Bonastro, J. Pharm. Chim. 
16, 88 ; Simon, Annalen, 31, 267). The solid 
polymeride of styrene, metastyrene, is also said 
to exist in storax. Cinnamic acid to the extent 
ofM p.c. to 12 p.c. is obtained by boiling the 
balsam with sodium carbonate solution, which 
extracts it as a sodium salt from which the free 
acid is liberated by mineral acids. 

Styracin or cinnamyl cinnamale 

C.H. OIL; CH COOC.H, 

was originally discovered in storax by Bonastre. 
It mayl>e obtained, after removal of the styrene 
and cinnamic acid by treatment of the residue 
^vith ether, alcohol, or light petroleum in the 
form of a liquid, which with difliculty assumes a 
solid oiystall^e fofm, the crystals melting at 
44® (Simon, Annalen, 31, 273 ; Tool, Annalen, 
70, 1 ; Miller, ^mnalen, 188, 200). Styracin 
is flatly oonveried by alkali into cinnamyl 
alcohol and oinnamate. Beltscyl akohol has been 
detected ai a constituent of storax by Lauben 


heimer (Annalen, 164, 289). A good bibUqgnplij 
will be found in W. von Millers memoir on the 
Chemical Compounds contained in liquid 
Storax (Annalen, 188, 184), in which the author 
describes as present, in addition to the consti- 
tuents already mentioned, phenylproj^l cinna^ 
mate, ethyl cinnamale, ethyl vaniUin, large 
quantities of two alcoholic compounds, a- and 
^-storcainl and their cinnamic esters, a sodium 
compound of storesin and a resin, Dieterich 
showed that Miller’s ethyl vanillin was really 
vanillin (Pharm. Centralhalle, 1806, No. 28). 
According to v. Itallie (Chem. Zentr. 1901, ii. 
866), a good specimen of storax contains about 
2*4 p.o. of substances insoluble in ether, 23*1 p.c. 
of free cinnamic acid, 14 p.c. of water, 22*5 p.c. 
of aromatic esters, 2 p.c. of styrene and vanillin, 
and 36 p.c. of resin. The total proportion of 
cinnamic acid is about 43 pc.; the combined 
acid occurring partly in tlhe resin and partly in 
the aromatic esters. 

The B.P. demands an acid value between 
60 and 00, and an ester value between 100 and 
146 ; tlie U.S.P. an acid value of 56-85 and a 
saponification value of 1 70-230. Storax is some- 
times adulterated ^ith turpentine. To detect 
this Hager dissolves the balsam in a little warm 
alcohol, and shakes this solution with light 

{ >etroIeum. The light petroleum on evaporation 
eaves a residue in which the terebinthinous 
odour is concentrated, and may be readily 
detected. Further, the residue so obtained, in 
the case of genuine storax, is colourless with a 
bluish opalescence, and represents 45-55 p.c. 
of the original balsam ; but if turpentine be 
resent the percentage is larger, and the residue 
as a yellowish colour (Ph. Centh. 15, 163). 
Closely allied to liquid storax are the exuda- 
tions from the Styrax officinale (Linn.), Liquid’ 
ambar ■etyracijlua (Linn.), a native of North 
America, the balsam of which was examined 
by Fluckiger and v. Miller (Arch. Pharm. 
[3J 20, 646, a. 648). It is obtained in the 
form of a sticky grey mass containing white 
crystalline portions mixed with fragments of 
wood and bark. Its composition does not 
differ essentially from that of Asiatic Storax 
(v. Itallie). lAquidambar formosana (Hance) ; 
and AUingia ercelsa (Noronha) (c/. Fliick. a. 
Hanb. 276 ; Tschirch a. v. Itallie, Arch. Pharm. 
239, 541). 

Tolu, Balsamum iolutanum, B.P. ; U.S.P. 
{Baume de tolu, Fr . ; Tolvbalsam, Ger.) 

Monardes, in Ins book published in 1574, 
describing the products of the West Indies, is 
the first to mention balsam of tolu. Soon after- 
wards it was introduced into England. Tolu is 
the product of the trees of MyroxyUm icluiferam 
(H. B. a. K.), natives of Venezuela and New 
Granada, and probably also of Ecuador and 
Brazil. Considerable amounts are export^ by 
Bolivia. (For botanical characters, v. Bentl. a. 
Trim. 84.) V-shaped incisions are made, and the 
concreted juice from time to time collected. This 
draining of the trees goes on for eight months of 
the year (Weir, Joum. R, Hort. Soc., May, 
1804). 

Balsam of tolu is a viscid resin or plastic 
solid, which on exposure fiardens and is mttle 
in cold weather. It has an agreeable odour 
suggestive of vanilla, and has a decided aromatic 
taste. Ciyatals of cinnamic acid may be seen 
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In tola when thin layers are examined. It ia 
soluble in alcohol (1 in 1), glacial acetic acid 
(1 in 1), chloroform (2 in 1), benzene (1 in 3), 
acetone, also in caustic potash. Carbon di- 
sulphide dissolves it partially, removing chiefly 
cinnamic acid. Balsam of tolu consists for the 
most part of an amorphous resin similar to that 
left by carbon disulphide in the caro of Peru 
balsam. This resin on hydrolysis yields tolu- 
resinolannol CtyHiaOs, a lower homologue of 
peruresinotannol, a dark brown pbwder decom- 
posing at 100° without melting. It gives colour 
reactions with ferric chloride and potassium 
dichromate, and precipitates with lead acetate 
and gelatin (Oberlander, Arch. Pharm. 232, 559). 
Treatment with water extracts from balsam of 
tolu cinnamic acid (Carles, J. Pharm. Cliim. 19, 
112), and according to Busse (Ber. 9, 830) it 
contains also benzoic acid, and both hensyl 
benzoate and cinnamaie. Distilled with water, 
small quantities of a peculiar hydrocarbon pass 
over which has been called toUne. The yield, 
according to Doville, is 2 p.c. (Aim. Chim. Plws. 
[3] 3, 152). Tolcno has the formula CipHif 
Its sp.gr. at 10° is 0*858 (Kopp), and it boils at 
170°, according to Devillo and Scharling, or at 
154°-160° (Kopp). Doville found tolene to have 
a vapour density of 5*1. This hydrocarbon does 
not appear to have been further studied or to be 
known in any other chemical relation. 

Colophony present as an adulteration in 
tolu may bo detected by extracting 1 grm. with 
25 0 . 0 . of carbon disulphide and filtering ; on 
evaporation the residue, dissolved in glacial 
acetic acid, does not become green on adding a 
few drops of sulphuric acid. The carbon di- 
sulphide, or light petroleum extract, filtered and 
shfi^en with 0*1 p.c. copper acetate, does not 
become green (ilirschsohn, Cliem. Zentr. 1895, 
ii. 694). Added colophony is also detected by the 
saponification number of the residue left on 
evaporation of the carbon disulphide. If the 
residue falls below 25 p.c. the addition of 
exhausted balsam may be suspected. When 
turpentine has been added, sulphuric acid pro- 
duces a black instead of the normal cherry -red 
colour. The U.S.P. demands sapomfi cation 
value 154-220 and acid value 112-168 for tolu 
balsam ; the B.P. requires 107*4-147*2 for 
acid value, and a saponification number of 
107-202. 

Xanthorrhoa Balsams. A number of bal- 
samic resins are obtained from the xanthorrhesas 
or grass trees of Australia. Seven species of 
these, the arborea, australis, IJastile, media, 
minor, bracteata, and Pumilio were described os 
earlv as 1810 by Brown (Prodromus Nov® 
Hollandi®). The first two are arborescent trees, 
the third and fourth have short stems, and the 
last three are stemless. Hirschsohn (Pharm. 
Zeit. 16, 81) distinguishes three zanthorrhesa 
balsamic exudates ; but of these only two are 
important, the yellow or acaroid balsam and the 
red balsam (Pereira, Mat. Med. 3rd ed. 1099). 

Acaroid Balsam, Acaroid Resin, Resina 
Acaroides, Resin of Botany Bay, This balsam 
was first mentioned by Governor Phillips in 
1789 (Voyage to Bota^ Bay). It exudes spon- 
taneously from tha Xanthmhesa BastUe and, 
according to some writexB, from the X ashorea. 
It has a yellow colour resembling gaiiboge, 
and when heated evolves a balsamio odour. 


It ia used in the preparation of sealing-wax and 
lacquers and japanner’s gold-size, lludling 
found for the yellow resin an acid value ot 
65-90, a saponification value of 100-150, and 
an iodine value of 176-176 (Chem. Rev. Fott. 
V. Harz. Ind. 1903, 10, 61). It mav be identified 
by heating with nitric acid, dissolving the cold 
residue in alcohol and adding 10 drops of 6 p.c. 
ferric chloride solution. A brownish-black 
colour and turbid appoaranoe denotes the 
presence of acaroid rosin (Kebs, Lack. und. 
Parb. Ind. 1908, No. 11). Its chief constituents 
aro resin, a trace of volatile oil, and citinamic, 
benzoic, and para-coumaric acids, also ^ra» 
hydroxybemaldehyde and probably vanillin (Bam- 
berger, Monatsh. 14, 333). The rosin consists of 
zanthoresviotannol chiefly in form 

of para-coumarate (Hilciebrand, Arch. Pharm. 
234, 698). (For properties of zanthorrhooa 
resin oil, see Sohimmel and Co. (Chem. Zentr. 
1898, i. 258) ; Haensel (Chem. Zoit, 1908, i. 
1837).) By distilling acaroid balsam, Stonhouse 
obtained a light neutral oil containing benzene and 
etnnamens, and by treatment with nitric acid 
the same observer finds acaroid balsam to give so 
large a yield of picric acid that he recommends ft 
as a convenient source of that compound. As 
much as 13 p.c. of parahydroxybenzoic acid is 
formed when acaroid balsam is fused with potash. 
Amongst the other products of this reaction, are 
resorcinol, pyrocatechol, end a double compound of 
para-hydroxi/benzoic and protocntechuic acids 
Ci 4 Hi, 07 , 2 H| 0 , which has been likewise ob- 
tained from benzoin (Ulasiwetz and Barth, J« 
1866, 630). 

Red Acaroid Balsam. Qrass-iree Oum, Black* 
hoy Oum, A red balsamic resin resembling 
dragon’s blood, end obtained chiefly from 
Xanthorrhosa australis. When heated it evolves 
a balsamio odour. This rosin does not contain 
cinnamic or benzoic acid, it contains a small 
quantity of para-hydroxybenzaldehyde, and con- 
sists mainly of crythroresinolannol C 4 tH 4 oOio» 
chiefly as para-coumarate (Bamberger, Hilde- 
brand). Its solution in alcohol stains a deep 
mahogany colour. A red acaroid balsam is also 
obtained from the Bahamas, which is lighter in 
colour than the Australian variety. It ia 
similar in composition to the latter, except that 
it contains cinnamic acid. Grass-tree resins 
are used in the preparation of spirit lacquers, 
varnishes, sealing-wax, *&c. During the Euro- 
pean War considerable quantities of picric acid 
were made from the different varieties of 
xanihorrhaia resins. • 

BAMBARA FAT v, Bassu oils. 

BAMBOO. The ash of the shoots of these 
grasses {Bambusa arundinacea (Willd), Gigan* 
tochloa verticillaia (Munro), Ac.) contains from 
30 to 40 p.c. of potash (K^-p). and constitutes a 
good source of potash, xho fibres of the shoots 
supply an excellent paper-making material, 
and nave been used for this purpose by the 
Chinese from time immemorial (Romanis, 
Chem. News, 45, 168 ; 46, 51 ; Nature, 18, 60). 

BAMBOOI FAT or BAMBUK BUTTER v. 
Bassia oils. * • 

^ BANANA. The fruit of Musa sapienttum, 
a plant growing freely tropical countries. 
When ripe the pulp is rich in sucrose ancHnvert 
sugar, but in the fi^pe condition contains much 
starch, and is extens^ely used for the ptepam- 
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tion oi banan* flour in the Indian Archipelago, 
Brazil, the west coast of Africa, and the Pocifio 
Islands. 

Analyses by Leuschcr (Zcitsch. bffentl 
Chem. 1002, 8, 125) of (1) green husks, (2) ripo 
husks, (3) unripe fruit (pulp), (4) ripe fruit (pulp), 
and (5) banana-meal, are os follows 



(1) 

(2) 

(3) 

(4) 

(6) 

Water 

70*0 

70*0 

70*5 

67*1 

16*0 

Crude protein . 

2*0 

2*9 

3*9 

5*0 

7*0 

Crude fat 

4*5 

41 

0*1 

0*2 

0*3 

Crude fibre 

9!) 

8*6 

0*4 

0*3 

5*9 » 

N-free extract . 

8*3 

10*4 

— 

— 

70*0 

Starch 

— 

— 

10*1 

— 


Dextrin . 

— 

— 

2*6 

1*0 


Tannin . 

— 

— 

2*2 

0*1 


Sucrose . 

— 

— 

— 

15*8 


Invert sugar . 

— 

— 

— 

9*7 


Ash 

5*3 

3*9 

M 

0*9 

1*8 


Only the quite green fruit, containing mere traces 
of su^ar, can bo used for iirepanng the meal. 

• Bipo bananas contain viverUptc (Mirran, 
Chem. Zcit. 1804, 17, 1283). American analyses 
show much loss protein m ripe bananas than 
is given in Lcmscher's figures, the average being 
only 1-3 p.c. (Bulletin 28, U.S. l)ept. of 
Agriculture, 1800). 

The pulp appears to contain small quantities 
of amyl acetate, to which its characteristic 
ui'onia is due. 

For a study of the relative amounts of 
iiucrosc, invert sugar and starch present in the 
fruit dried at temperatures between 40** and 
105®, see Waterman (Chem. Weekblad, 1015, 
12, 552). For a study of the changes m composi- 
tion of ripening bananas, see Core (J. Agrio. 
Research, 1914, 3, 187). 

The stalks and skins of bananas are rich in 
potash, and have been suggested as worth 
collecting for maiiurial purposes (Ellis, Jour. 8oc. 
Chem. Ind. 1010, 450 and 521). The following 
figures were quoted ; — 

Stalks, Skins. 

Moisture . • . 010 p.c. 88*2 p.c. 

Drv matter , . 8’4 „ 11*8 „ 

Ash, in original . 2*4 „ 1*8 „ 

Potash, 111 original . 1*1 „ 1*0 „ 

Ash, in dry matter . •20*0 „ 15*0 „ 

Potash, in diy matter . 13*7 „ 9*0 „ 

Potash in ash . . 45*0 „ 57*2 „ 

It is estimated that the bananas imported 
into this country per annum (about 9,000,000 
bunches) include, on the average, about 16,000 
tons^f stalks and 00,000 tons of skins, containing 
about 1 60 tons and (K)0 tons of potash, respectively. 

BANDR0WSK1*S BASE. Tetra-amino- 
diphen\^-azophenylene. 

BAMISIN V. Glucosidss. 

BAPTITOXINE u. Cytisinb. 

BARBALOIN v. CttSjcosioss. 

BARBATIG ACID. Barbatic acid Cj.HgoOr 
was first isolated from the lichen Usnea baryta 
by Stenhouse and Groves (Chem. Soc. Trans. 
1880, 37, 405), in which it occurs in conjunction 
with usnio acid. Zopf (Annalen, 1897, 297, 271) 
found barbatic jicid iBr the Usnea longissima, in 
the Bkdora ochroU uoa {ibid, 1899, 306, 282), and 
in the Usnea dasynoga {ibid, 1902, 324, 3^; 
HesseeCJ. pr, GhemT 1898, iL 57, 232) desoiibes 
its presence in the Usnea hngissimat Usnea 

^ TwfliMling tAnnln anil ^Inqr^ ng ]||a(te(« 


barbata, and Usnea eeraiina, Hesee {Le, 
originally considered that barbatic acid had the 
composition CtgHs^Og, and described potassium 
barium and copper salts and an otfavl ester, 
m.p. 132®, which apparently established this 
formula, but iu a later paper (J. pr. Chem. 1903. 
ii. 68, 1) he adopted Stenhouse and Groves’ 
formula, CggHgoO^ The sodium saU 
CggHggO^Na, 2HgO 

crystallises in straight-sided leaflets (c/. also 
Zopf, 1902, 789). 'i'he action of acetic an^dride 
on barbatic acid leads to the formation of a 
compound which is probablv the lactone of 
acetylbarbatic acid ; this melts at 250® and on 
recrystallisation from acetic anhydride yields 
acetylbarbatic acid C| 9 H|B(CgHg 0 ) 07 , m.p. 172®. 
By the hydrolysis of barbatic acid with aqueous 
aikaUs betorcinol and rhizoninic acid are formed. 
Barbatic acid crystallises in colourless needles, 
m.p. 184® (Hesse, J, pr. Chem., 1906 (2), 73, 
113). A. G. P. 

BARBERRY. Barberry or berbeny', Ber- 
heris mdgaris, is a compact bush which attains 
to a height of from 8 to 10 feet, and is found wild 
in Great Britain and throughout most parts of 
Europe and North America. The colouring 
matter present is berberiney and this, though 
occurrmg mainly in the bark, is also present in 
the stem and root of the plant. 

Until recently a concentrated commercial 
extract of this material, known as * Barberry 
extract,’ was to be found on the market, and 
employed for dyeing silk and leather. It does 
not appear to have been at any time extensively 
used for these purposes, and is now apparently 
obsolete. 

Barberry is, however, interesting, in that it 
contains the only natural basic dyestuff at 
present known, and may, in fact, bo applied 
to fabrics in the same way as the artificial basic 
colouring ’matters. Silk and wool, for instance, 
may bo dyed yellow by moans of a faintly 
acidulated decoction of the material, preferably 
at from 50® to 60®, whereas for cotton, a tannin 
antimony mordant is necessary. 

For the isolation of berberine the procedure 
is simple, and consists merely in extracting the 
ground dyestuff with boilmg water containing a 
dight excess of lead acetate. The concen- 
trated extract is mixed with hydrochlorio acid 
when, on cooling, crystals of berberine hydro- 
chloride separate. Berberine hydrorhloride, 
CgoHggOgNCl,* when pure, crystallises in long 
silky ne^les which possess an intense yellow 
colour and are soluble in hot water and alcohol. 
The most reliable of the earlier analyses of 
berberine are those given by Perrins (Annalen, 
Su]^. 2, 176), who suggested the formula 
CgoHgTNOg, but it is now Icnown that berberine 
has the composition CggH^gNOg. The base 

T The substance commonly known as bsibsrine hydros 
chlerids is, in fact, not a hydrochioride, but a quaternary 
chloride containing the grouping given below, and 
should be named htrbsrmiim ehhriOe (W. H. Perkin, 
Chem. Soc. Trans. 1018, 113 608)~ 

The oA names tor this and the other salts desoribad 

bowevwi ntslned la this sitiela. 
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berberine (or borbennal) ia beat obtained by 
addii^ strong caustic soda to the ^ueous 
solution of the sulphate and extracting the 
product with ether, from which it separates in 
yellow needles and melts at 144^ (Gadamer, 
Archiv. dcr Pharm. lOOf), 243, 34). Borbeiino 
is a strong base, yielding well-dofinod crystalline 
^Its of a deep yellow colour, of which the 
following may be given as examples : — 

Berberine nitrate CtoHi«N() 4 ’NOj, Berberine 
hydrochloride t CggHigNO/’l, Berberine hydrtodide 
CgoHigNOgT, and Beibtrine plalinichloride 
(CjoHlgNOgl.PtClg. 

The most important of tho early work on 
berberine is that of Hlasiwctz and Gilm (Jahres. 
1864, 407), who by reducing the base with zinc 
and sulphuric acid prepared telrahydrobcrberine 
C’lgHtiNOg, and by fusion with alkali obtained 
the acids CgligOg and ( 'n HaOg, the second of which 
was termed berhenme acid. Perkin (Chom. Soc. 
Trans. 1880,65, 89), who subsea ucntly examined 
this latter com])ound and found that its pioper* 
ties agreed in all respects with those given by 
Hlasiwetz and Gilm, has shown that it possesses 
tho constitution of a homocalechol cjiihoxylic acid. 

Interesting also is tho fact that by tho alkali 
fusion of berberine, or by distilling it with lime, 
Bomheimer and Bddcckcr isolated an oily base 
which they regarded ns quinoline, but which is 
now known to bo iso-qutnoline. 

Tho most valuable results, however, have 
been afforded by a study of the oxidation pro- 
ducts of berberine hydrochloride. Wcidel, who 
employed nitric acid for this jiurposc, obtained 
berberonic acid, C^HgNOg, which ho rightly 
regarded as a pyridine tricarboxylic acid, and 
this has boon more recently shown to consist of 
the 2:4:6 coiiifioiind — 

N 

. (^COOH 

coohI^ 

CUOH 

whereas Schmid andSchilbach (Arch. Pharm. [3], 


26, 164) by the action of p^matiganato obtainod 
some quantity of hemipinic acid--* 

COOH 

MeO|^|COOH 

Subsequently, W. H. Perkin, junr. (Chem. 
Soc. Trans. 1889, 56, 76 ; J890, 67, 091 ; 1910, 
97, 323) published a series of elaborate researohes 
on this subject, and it is almost entirely to these 
that our present knowledge of borberme is due. 
By adopting s|)ccial precautions and by the 
employment of a very largo (j^uautity of material, 
this author succeeded m obtaining from berberine 
hydrochloride by tho action of permanganate, 
numerous important compounds, tho study of 
which gave tlio duo to its constitution. The 
operations employed are of too involved a nature 
to be dealt with in detail hero, but a general idea 
of the methods om])loyod can bo gathered from 
tho scheme given below, drawn uj) by the 
investigator himself {l.c. 1800). • 

Among tho oxidation iiroducts of berberine, 
anhydroberberihe add and berboral have 
proved to bo the most important, and these only 
will bo discussed here in iletail. 

Anhydroberberihe acid CjoHiTNOg, as its 
name ilenotos, is an anhydro derivative of 
berbcrilic acid, into tho sodium salt of which 
it is readily transformed l>y the gentle action of 
sfidiuin hydroxide solution — 

C,oKi7NOa-f 2NaOH-C^wrrxTNO.Nif, f H,0 
Bcrberilio acid, C.oHigNO*, though only slowly 
attacked by alkalis, is readily hydrolvsod by 
boiling dilute sulphuric acid, aiicl Pcricin thus 
obtained hcinipinie acid and a basic compound 

CjoHuNOi 

GaoHi,NOgH-H.O=. 

CllgOv .COOH 

’rius latter substance proved ^o consist of 
a ’aminocthyliUperonyl •carboxylic acid — 


BeRBEULNE llYDBOCJlLOlllUE IS OXIUIZEO WITH POTASSIUM PeUMANOANATB, THE PBODUCT 
TREATBO WITH SULI’IIUROUS ANHYDRIDE AND FILTERED. 


Yellow PreeipiiaU treated with Warm Dilute 
Sodium Carbonate Solution and Altered. 

Yellow Filtrate evaporated to Half its Bulk and filtered. 

liesidue boiled with acetic acid 
and filtered hot. 

Solution 

contains 

berborillo 

acid, 

and some 
anhydio- 
borberillc 

Precipitate 

contains 

oxyber- 

berine, 

dloxyber- 

bonne. 


Eetidue 

contains 

berberine 

hydrogen 

Sunil 

Ethereal eolvlion evaporated, residue 
boiled with dilute sodium carbonate 
solution and filtered hot. 

Aqupous 

solution 

contains 

tJJ nil. 


CjoH^NOg. 

anhydro- 

berberllic 



acid. 


Residue 
consists of 
anhydro- 
berberilic 
acid, 

C40H17NO4 

Solution 

contains 

bcrberal, 

acid, 

CgoH^NOg 


filter. 


CieHj^g, 

w-amfdo- 

acid, 

Cryttale 
of w-ami- 
do ethyl- 
plTOr- 
onylcar- 
boxyiio 
anhy- 
dri^, 

• 

1 

Sol 0 u}n acidified 
with hydrochloric 
acid and filtered. 

ethylpiper- 
cnylcarb- 
oxyllo an- 
hydride, 
OiANO,. 
and 

Inorganic 

mSu 

• 




• 

\ 

Residue 

contains 

berillcacid, 

CggHujfOy 

• 

Solution 

contains 

bydrastic 

acid. 

and 

hemi- 

pinlo 

acid, 

^leHis^^s 
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CH, 


0 (;ooH 


and the main facts which lead to the determina- 
tion of its constitution arc as follows : — 

When boiled with water, it readily loses the 
elements of water with production of the 
anhydride — 

.Ov /CO— NH 

which reacts with nitrous acid to give the nitroso 
derivative — 

/Ov yCO • N-NO 

chZ >c.n,< I 

and this compound with dilute caustic soda 
evolves nitrogen with the production of 
dnoxydhylpi peronyl-carboxyltc acid — 


™< 




The anhydridc- 
Clfa 


COOlf 

CHjCiljOH 


\o 


/ Nilf.CH, 


readily obtained from lids latter by merely 
boiling With wat(*r, when fused with alkali yields 
cakchol and prolocatechnic acid — 

Ou>C'.lf.OOOH 

end by the action of hydrochloric acid at 170®- 
176® IS converted with loss of carbon, a reaction 
oharactoristio of piperonal derivatives, into 
hydroxyethylcalechol'carboxylic a nhydndc — 

-O 


/Ov /CO 


CH,-CH, 

OH. 


0\V X3H,— ClI, 

■Vs the result of these experiments, there could 
bo little doubt tiiat bcrberilic acid (1) and ita 
anhydride (2) possess the constitutions given 
below — 

OMe 

l^_CO— NH-CH.OH <s/o/ 
OMe 

(2) COOH^O. 
*v/— CO— N— 0H,CU,-I^^O/ 

and that those are correct was subsequently 
established by the observation that the henupi- 
nate of «i>-aminoothylpiperonyl.carboxylio acid 

(3) on heating is tni^forraod into anhydro- 
berberilio acid— ^ 


-CO — 0 


(3) 

MeOv « 
MeO 


Uy€ XJOOH ' COOHv A 


COOH. 


BcrhercU/ As in the case of berberilio 
acid, the constitution of berberal has been 
established mainly by a study of the products 
of its hydrolysis. By the action of alcoholio 
potash it yields (v-aminoethylpiperonyl-car- 
boxylic acid and an acid CiqHioO,, and thus 
resembles bcrbcnlio acid which under similar 
conditions gives hcmipinic acid in the place of 
this latter. 

The acid OioHipOg on examination proved to 
be constituted similarly to opianic acid (1), and 
was, therefore, termed pseudo-opianic acid (2) — 
MeO McO 

MeOr^nOOH MeOr^JOH 
S^OH (2) k^OOH 

Thus by the action of caustic potash solution it 
gave veratne acid — 

MeO 


K)' 


'coon 


McOflCH.OH MeOI^' 

(3) Is^COOH (4) 


and when reduced formed the unstable acid (3) 
winch readily passed mto pscvdmmconine — 

McO MeO 

/CH,\ 

o 

^CO'^ 

Perkin now found that whereas pscudo-opianio 
acid and w-ammoethylpipcronyl-carboxyhc acid 
on heating together give first the salt of the base, 
that this subsequently by elimination of water 
passes into berberal — 

Cjolljo05 + CioHgNOg5=C,oHi7N07 4-H,0 
Apparcntlj^, therefore, berberal could bo rciire- 
sented as follow's : — 


MeO 

McO/\ -COH ^ ^,CO— 
!^_CO— 


0 CH, 


and this formula was at first adopted. 

Liebermann, however (Ber. 1896, 29, 176), 
subsequently pointed out that when opianic 
acid reacts w'ith aniline to form anilinoopianic 
acid (1) the latter behaves as a derivative of 
liydroxyphthalido (2) — 


MeO 


MeO 


MeO 


( 1 ) 


CO 

and it is now generally accepted that m the 
condensations of opianic acid with basic sub- 
stances, It is always the carbon atom of the 
aldehyde group which becomes attached to the 
nitrogen in the final product. 

As a result of this later work, Perkin and 
Robinson have modified the original ex- 
pression for berberal as follows 

,CH — n ch, ch/No\ 

MeoO^ ^0 ! 

An e x i 6 n in ation of the formulas both of berberilio 
acid and of berberal, led Perkin in 1890 to the 
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consideration that in berberine the following 
groups of atoms are present — 



-C--> 

and -NKJH.-CH,- 




andirliat, in order to construct a formula for this 
alkaloid, these require to be united with the 
addition of but one atom of hydrogen. As a 
result the following constitution was assigned to 
this alkaloid — 



this structure being based upon the older 
formula of berbenne, C10H17NO4, which at that 
time was considerc'd to bo correct. 

Subsequently Perkin and Robinson i)ointccl 
out that the mothylenedioxy-group in 
Perkin's original formula had been in- 
correctly placed, as was evident from an 
examination of the structure of w-amino* 
ethylpiperonyl-carboxylic acid (rf. also Fnmnd 
and Beck, Ber. 11K)4, 37, 4073). Moreover, 
as a result of the newer views of the former 
authors as to the constitution of berberal {Ic,) 
the position of the methoxy groups m the old 
berbenne formula required modification. It is 
now considered that berberine has the formula 
CjoHijOjN, and is represented by formula (1), 
and that for the purpose of salt formation it 
undergoes change into the modification called 
berbermium hydroxide (2), from which the salts 
are obtained by the replacement of the OH 
group by the acid radical — 


0” 

(1) /\/^"\o/Y 

I CH, 


0 CH, 


MeO 


OH 


O CH, 


( 2 ) 

MeU 




0' 

It. ICH, 


OH 


CH, 


The reasons for this assumption {W. H. Perkin, 
jun., Chem. Soc, Trans. 1918, 113, 603) are based 
on ^e similarity between berberine and coiar- 
nine, but are too complex to enter into in this 
article, and for their understanding the literature 
must be consulted (cf. Robinson and Robinson, 
Irans. 1917, 111,968). • 

Interest^ is the fact that though the salts of 


berberine are derived from the bydrozyl formula 
and contain the groupmg — 


(where X==C1, HSO4, N0„ Ac.), the alkaloid 
itself exists as a different raodilication. 

When berberine sulphate is treated with 
barium hydroxide (Gadamer), a strongly alkaline 
liquid is produced which possibly contains the 
hydroxy modification of berberine (berberinium 
hydroxide), but if to this solution excess of 
sodium hydroxide is added, the yellow modifica- 
tion known as berhvriml is obtained. The con- 
stitution assigned to this substance by Gadamer 


O CH, 


( 1 ) ^ 

McO 




-a 


LJI, 


hut its most probahio structure is that reprs 
sen ted by the formula — 

0 CIl, 

“ / 




UeUi 


0" 


OH 


CV 


(cp. Tinkler, Chem. 80c. Trans. 1911, 09, 1316). 

When treated with excess of alkali, borberinal 
yields dihydroberberine (1) with simultaneous 
formation of oxyberbcrinc (2), owing, according 
to Gadamer, to the conversion of the COH group 
into CH,((>H) and COOll in tl!b manner cha- 
racteristic of aromatic aldehydes — 



The latter compound was first obtained 
by Perkin as an oxidation product of ber- 
berine. 

On the other hand, Paltis (Monatsh. 1910, 
31, 657) considers the reimtion erf berberinal with 


^ali to be similar to that which takes place 
oetween quinoline methiorfide under same 
conditions and t^t the products of the reaction 
are oxyberberine and tetrahydroberberinc (cf. 
Dekker, 1903, 1206 and 2668). It has, however. 
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oonoluii^ely that Faltis* 
(W. H. Perkin, private 


view 

Gom- 


been shown 
is incorteoi 
munication). 

Berberino is closely allied to bydrastine, 
which occurs along with it in hydrtutia canadeneint 
and the rclationwip between these compounds 
is clearly evident, if the formula of Cadamer for 
berborinal and tliat of hydrastino {see above) 
are comiiarcd— 
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llydrnstitic. 

Ill lull Pictet and (Jama (Her. 1911, 44, 
2 ISO) were succohm(u1 m elTocling the aynihcais of 
berberino by the following scries of reactions, 
^iomopiperonylainine, 

cii,:o,:CVf«ciuni,Njr, 

by condensation with the chloride of homo 
veratrio acid, 

(Cii,0)ar,ir,cif,’(joci, 


yields homo-vmUroyl-homopiptronyhimine (1) — 

0 cil. 



and this compound on treatment with phos- 
phorus pentoxido in the presence of bolting 
xylene is transformed into the dihydro-quinoline 
base (2). By reduction with tin and hydro- 
chloric acid this passes into M.ratroyl’methyhn€” 
dioxy-tetrahydro-iao-quinohne {veratryl mrhydro- 
hyd I asinine) (3) — 



which on treatment with methylal,CH|(OCTf,),, 
gives teirakydrdberherina (4), a compound 
originally prepared by Hlasiwets and Gilm, and 
subsequently examined by Perkin and others. 
This by the action of mild oxicUsing agents such 
os iodine or mercuric acetate is readily trans- 
formed into berberine (5) — 



For the synthesis of oxyberberine the paper of 
Pictet and Spengler (Bcr. 1911, 44, 203()) must 
bo consulted. 

Numerous plants contain berberme, and 
though most ot these have been or are used 
medicinally, their employment for dyemg has 
apparently been of rare occurrence. The 
following list embodies most of these : — 

Berberia aquifoltum (Gordin, Aich..Pharm. 
1902, 240, 146), B. odnemia (Perkin, Chem. Soc. 
Trans. 1897, 71, 1198), Coaatniwn fenestrcUum 
and Xanthorrim aquijolia (Perrins, Annalen, 83, 
276), llydradis catutdensia (Mahla, Amer. Chom. 
J. [2], 33, 843), Coptia aceia and G. trifolia, 
Cheltdonium majua and Siylophorum diphyllum 
(Schlottorbock, Amer. J. Pharm. 1902, 74, 684), 
Evodia mehcafolia and Toddalia aculeata (Perkin 
and Hummel, Chom. 8oc. Trans. 67, 414), 
Xanihoxylum clava Herculia (Chevallier and 
Pelletan, Joum. do Chim. Mddicale, 1826, 2, 
314), yellow Assam wood or * Woodumpar * 
(Crookes’ Dyeing and Calico Printing), Coe/o^tue 
polycarpa (Stenhouse, Annalen, 66, 384 ; 69, 40), 
Archariyeliaa kmnia’Caia (Becc.) and Mahonia 
nepalenaia (D.C.), (Brooks’ Philippine Jouni. of 
Science, 1910, v. 442). 

For the commercial preparation of berberine 
the Hydraaiia canadrnaia, which contains about 
4 p.c. of the alkaloid, forms the best available 
material. A. G. P. 

BARBITAL and BARBITONE. ^scVesonal, 
Pyrimidines and Synthetic Drugs. 

BARBITURIC ACID v. Malonylcabbamidb. 

BARILLA or BARILLOR. (Fr. BarilU,) 
Commercial name of an impure soda obtained 
from the ashes of the Salaola Soda (Linn.), 
formerly ^wn specially in Spain, Sicily, 
Sardinia, the Canary Islands, and the Levant. 
The seed was sown at the end of the year, and the 
plants were ready for cutting in September of the 
following year ; they were usually burnt duimg 
October. A hole capable of hokUng one or two 
tons of soda was dug in the ground and covered 
over with an iron grating; the dried plants^ 
mixed with canes, were hMped on this and set 
on fixe.^ The heat was snffioimt to melt the aah, 
wldohnm down and ooileoted in the hole. Moxw 
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material was supplied to the fire till the hole was 
full of fused soda; it waa then covered with 
earth and left to cool, after which the prjrousi 
mass was broken out and was ready for shipment. 
Contained about 20 p.c. alkali, together with 
chlorides and sulphates of sodium, calcium and 
aluminium and very little sulphur. Formerly 
much used for mailing soda soap ; Utile, if at 
all, used now. 

Kelp is sometimes called British Barilla. 

BARIUM. Symbol, Ba. At. wt. 137*37. 

The name * baroto ' (from fiapus, heavy) was 
given to the earth contained in heavy -spar 
(ierra ponderona) by Guyton do Morveau in 
1779, and was afterwards altered to * baryta * by 
Lavoisier ; the name itself, therefore, is indica- 
tive of the groat densitv of its compounds. 
Barium ocours - princ^llv as the sulphate, 
barytes or heavy-spar BaS04, and is generally 
found associated with metallic ores containing 
sulphur. Uioulafait (Ann. Chim. Phys. [6] 15, 
530) has shown that all primary rocks contain 
barium in sufficient quantity to be easily 
detected. Barium also occurs in nature as 
mthente BaCO,, harytocelesiite (BaSrCa)S04, 
barytocakite (BaCalCOa. alstonite (BaCajCO,, 
and in certain varieties of the ores of manganese ; 
also in certain silicates, as bretoskrtie H4(SrBa) 
AJjSijOjg.BHjO, harmotorne H4(KjjBa)Al4Si50,4* 
4HgO, and hyalophane or haryla-JeUpar K^Ba* 
2Al,Sig024, and frequently in mineral waters. 
Barium is also frequently found in calcium and 
strontium minerals, roplaciiig a portion of those 
elomenta with which it is isomorphous. 

It is never found native. Its oxide, baryta 
BaO, was first recognised as a peculiar earth 
distinct from lime by Scheclo in 1774. 

Preparation . — Davy (Phd. Trans. 1808, 354) 
electrolysed a moist paste of a barium salt, 
usin^ a cathode of mercury. He thereby 
obtained a poor amalgam which on distillation 
yielded a silver*white solid that he believed to bo 
metallic barium, but which in reality was only 
a rich amalgam as shown by Donath (Bcr. 
12, 746). 

Bunsen (Pogg. Ann. 91, C19) slightly modified 
Davy’s process, heating the amalgam in a 
charcoal boat in a current of hydrogen, obtaining 
a tumefied mass which was probably a mixture 
of hydride and carbide. Guntz has also shown 
that Kern’s method (Chem. News, 31, 243) of 
heating the iodide with sodium yiehis a sub- 
iodide which decomposes water. 

Clarke (Ann. P^ 17, 419) exposed baryta 
to the action of the oxy-hydrogen blow-pipe 
flame on charcoal and obtained metallic-looking 
globules jvobably of barium carbide. 

Mattmessen (Annalen, 93, 277) electrolysed 
the fused chloride and obtained metallic- 
lookins globules which were probably sub- 
chloride. 

Maquenne (Bulb Soo. chim. (3) 7, 368) 
heated the amalgam in vacuo, but owing to 
decrepitation of we substance and rupture of 
the tube he was unable to obtain satisfactory 
reenlts. 

Gunto (Bull. Soc. ohioL [3] 29, 483), by 
studving the same process, was finally able to 
distil on all the meionxy without decrepitation 
or hursting of the tub^ After many experi- 
ments, he finally adopted the following Method : 
An «nalgaia oontaining 3 p. 0 . of bwittm waa 


jpreiared according to Davy’s original process, 

• and 5 to 6 kilos of it were distiUod in an atmo- 
sphere of hydrogen under reduced pressure to 
such a point as to obtain an amalgam having a 
close grain and not readdy oxidi.sabIc, containing 
about 10 p.o. barium. About half a kilo, of 
it w'as then placed in an iron boat contained in a 
largo porcelain tube. Over the boat was placed 
a nickel spiral to prevent spurting and loss. 
The tube was then heated very slowly by an 
electrio current circuit so as to arrive at a dull 
red heat in about four hours, a vacuum being 
maintained in the tube. The amalgam slowly 
loses mercury without change of form, and 
towards 900** it suddenly liquefies, when the 
current is turned oil to avoid ebullition and 
loss. The amalgam so obtained, oontaining 
about 65 p.o. barium, has a coarsely faceted 
crystalline structure, and quickly oxidises in 
air. For the last operation it is placed in a 
nickel boat contained in a porcelain tube lined 
with nickel foil. The latter is necessary, as 
when the barium distils towards the end of the 
operation its corrosive action on the glass 
causes rupture. The tube is maintained at 
900** for two or threo hours under dimmlshed 
pressure, keeping the ends of the tube suitably 
cooled ; then at 050^ for one hour during whion 
time there is a considerable loss of barium. 
The barium so obtained is kept in an atmosphere 
of dry caihon dioxide. A sample obtained by 
distilling half the barium had the oomposition 
Ba 98*35, llg 0*83, Fo 0*40. In repoiitcu oxj^ri- 
ments Guntz failed to obtain barium much 
purer than 98 p.c. lie, however, found in his 
later expcriincnts tliat by preparation of the 
hydride a much purer metal could be obtained 
(Compt. rend. 141, 1210). IHio method is a 
modification of the cailier experiment. After 
the preparation of the metal in the above way 
pure dry hydrogen is allowed to enter the 
tube, maintained at 900*. It is then heated 
to 1200*, just below the fusion point of the 
hydride ; by this means every trace of mercury 
can be removed. The hydride contained in a 
niokcl boat is then placed in the nickol-lined 
tube, heated in a vacuum at 1200*, whereby 
the hydride is completely decomposed and the 
volatilised barium is condensed on a polished 
steel tube cooled by circulating water placed 
inside where the va]X)urs are being liberated. 
The metal so obtained assayed 99*5 p.o. barium 
and was free from hydrogen. 

A very convenient laboratory method for 
preparing small quantities of barium, aho due 
to Guntz, is to heat banum oxide with ono-tenth 
its weight of metallic aluminium at 1200* in a 
vacuum. The metal condenses in the cooler 
art of the tube and assays as much as 98*8 p.c. 
anum. 

Matigiion (Cumpt.*^ rend. 150, 1378) has 
obtained barium by heating the oxide (3 mols.) 
with silicon (1 atom.) in a vacuum, in a steel 
tube, at 1200*. The metal distils oil and con- 
denses in the cooler part of the tube, the reaction 
being — 

3BaO-f Si»BaBiO.-H)Ba-37 cals. 
iThe silicon can be replaced by ferro-silicon con- 
taining 95 p.c. silicon. • ^ 

The prepart^on of the metal by electrolysis 
of the foaecl oxiSe or chloride does not appear to 
be attioded with sttocess ; sub-salts aie tormedi 
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and the current paases without further action 
(Z. Electroch. 9, 291). 

Properties , — ^Barium when absolutely pure 
is a sOver-white metal with a density of 3*78. 
It is slightly harder than lead. It melts at 
about 8C0^ and commences to volatilise at 960^. 
Barium oxidises rapidly in air, yielding princi- 
pally the monoxide ; the powder easily takes 
nre spontaneously. Guntz states that molten 
barium attacked all the metals he tried, iron 
and nickel being the most resistant. Barium 
decomposes water and alcohol in the cold, yield- 
ing in the latter case barium ethoxide. 


Oxldcf of barium, Three oxides of barium 
are known — barium suboxide Ba,0, barium 
oxide or baryta BaO, and barium peroxide 
BaO,. 

Barium suboxido Ba.O is obtained, according 
to Guntz (Conipt. rena. 143, 339), by heating 
the protoxide with magnesium or barium to a 
temperature of 1100**. It is a black mass which 
decomposes water. 


Barium oxide, protoxide, monoxide, or 
baryta, BaO, is (ho oxide formed when the nictal 
bums ill air. It is more readily obtained by 
heating (1) the nitrate or (2) the carbonate of 
barium. 

(1) Barium nitrate heated progressively, 
fuses, then decomposes with the liberation of 
nitric fumes and much frothing leaving a porous 
mass of barium oxide. 

(2) The carbonate may also be converted into 
barium oxide by exposing it to the strongest heat 
of a forge hro ; but the last traces of carbonic 
acid arc only expelled with difficulty. However, 
at an ordinary white heat, this may be accom- 
plished by mixing the carbonate with one-tenth 
of its weight of lampblack or charcoal and 
making into a thick paste with oil or tar, carbonic 
oxide being evolved, thus : 

BaCO.-l-C=.BaO + 2CO. 

The mixture should bo heated in an earthen 
oruoiblo lined «'ith lampblack and fitted with 
a tight cover ; on the large scale witherite is 
thus converted into baryta tor use in separatins 
crystallised sugar from molasses. In a second 
barvta-manufacturing process a mixture of the 
carbonates of barium and calcium is ignited in 
a current of aqueous vapour. 

(3) On the smaU scale, barvta may be easily 
obtained bv heating barium iodate, which readily 
gives up all its iodine, together with five-sixths 
of its oxygen, without fusing or frothing : 

Ba(10,),»Ba0+I,0,. 

Barium oxide as prepared by the above 
methods is generally a greyish-white friable 
mass of specific gravity 4 '7-6 *5. Brtt^elmann 
(Annalen, [2] 4, 27?), by heating barium nitrate in 
a porcelain flask, obtaiK,ed minute crystals of 
BaO belonging to the regular system, of sp.gr. 
5*722. He found later that by heating tne 
oxide in a clay or graphite crucible he obtained 
needles belonging to the hexagonal system 
8p.gr. 6*32, but if heated in a platinum crucible 
tne oxide is obtained, in cubic forms, 8p.n. 
6*74. It is tlfjrefore dimorphous (Zeitsdi. 
anhL Ghem. 29, 127). It is only just melted 
even bja the heat oft the oxybydrogen blow- 
pipe; but in the electric fun^jMie it may be 
readily liquefied and volatilised. The liquid 
on cooling yields a crystalline mass (Moissan, 


Ann. Chim. Phve. [7] 4, 139); it is a non- 
conductor of dectrioity, but in presence of 
mercury may be electrolysed into oarium and 
oxygen. BaO is strongly alkaline, caustic, and 
poisonous. Fluorine attacks it in the cold, 
liberating oxygen, the mass becoming incandes- 
cent. my chlorine has little or no action on the 
perfectly anhydrous baryta. It is deoxidised 
by potassium at a red heat, and slakes with 
water, forming barium hydrate Ba(OH), with 
such energy that the whole mass bmmes 
incandescent provided the amount of water 
be not too larm. It rapidly absorbs moisture 
from the air. It unites with methyl and ethyl 
alcohols, forming the compounds Ba0,2CH40 
and BaO,2C}HgO. Heated in the vapour of 
carbon disulphide, it forms barium carbonate 
and barium sulphide : 

3BaO + CS j == BaCO, + 2BaS. 

It dissolves readily in dilute nitric and hydro- 
chloric Ibids, but with most other acids forms 
insoluble salts. When vapour of sulphuric an- 
hydride is passed over it, heated to low redness 
in a glass tube, formation of barium sulphate 
BaS04 occurs with incandescence. 

Barium peroxide or dioxide BaO, is formed 
when anhydrous baryta is heated to a dull red 
heat in a stream of oxygen or of air freed from 
carbonic acid. Barium hydroxide may be similarly 
converted into the peroxide, but less readily, as 
it fuses below the temperature of absorption of 
oxygen ; but the absorption may bo rendeired 
rapid by mixing the hydroxide with lime or 
magnesia which prevents fusion and keeps the 
mass porous. Peroxide of barium may also be 
obtained by sprinkling red-hot baryta with four 
times its weight of powdered potassium chlorate 
in successive small portions ; the potassium 
chloride simultaneously formed may be washed 
out with water, leaving the peroxide in the form 
of a hydrate. 

The peroxide obtained by these means is not 
pure, being contaminated with a little uncon- 
verted barium oxide, iron, silica, and other sub- 
stances derived from the preparing vessels. In 
order to purify it the finely powdered crude pro- 
duct is gradually added to an excess of dilute 
hydrochloric acid, avoiding any considerable rise 
of temperature ; the otu& substance dissolves, 
forming barium chloride and peroxide of hydro- 
gen. The solution is filtered from insoluble 
matters and treated with baryta water until the 
silica and ferric oxide, together with a little 
hydrated barium peroxide, regenerated by action 
of the peroxide of hydrogen upon the barium 
hydroxide, are precipitated. The liquid is again 
filtered and then supersaturated with baryta. 
By this means the whole of the peroxide of 
hydrogen regenerates barium peroxide, which is 
precipitated in minute prisms or lamina of the 
hydrate Ba0„8H20, in which condition the per- 
oxide is best preserved, and is a suitable form for 
use in the preparation of peroxide of hydrogen. 
On drying at 130" or at ormnary temperatures tn 
vacuo it is converted into pure anhydrous barium 
peroxide^ 

The preparation of barium peroxide in the 
wet way always yields the octohydrate when 
more than one molectile of baryta is present per 
moleouto of H lO^. Above 00" it is formed, w^t- 
ever the composition of the solution. Below 40* 
the di-peroxyhydiate BaOa,2H,Oa is obtained 
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from solutions containing much HjOg. A 
compound BaO,,H|Ot may oe obtained between 
30^ and ao** (Zeitsch. Anoig. Chem. 89, 406). 

Barium peroxide is a grey, impalpable powder, 
slightly more fusible than the monoxide. The 
temperature of dissociation depends upon the 
pressure. According to lie (natelicr (Compt. 
rend. 1 15, 654), the 6gurc8 are as follows : — 

Temp.C.^ 52a 556 660 670 720 785 750 775 786 790 
Press, mm. 20 25 65 80 210 260 840 510 620 670 

These pressures vary according to the degree of 
decomposition being highest at the commence- 
ment of the operation. Brin’s method of 
preparing oxygen depends upon the above 
physical factors. The spongy protoxide of 
barium prepared as indicated above is placed in 
thin beds in iron retorts heated by special 
furnaces. The temperature is maintain^ as 
constant os possible between 500^ and 600^. 
Air which has been freed from moisture and 
carbon dioxide by passing hrst over i^icklime 
and then over caustic soda is forced by pumps 
through the retorts whereby the BaO is con- 
verted to BaOa. The residual nitrogen is 
allowed to escape into the atmosphere. When 
the peroxidation is complete a set of valves 
places the retorts in connection with the exhaust 
pumps, the reduction of pressure causing libera- 
tion of oxygon. The first portions are allowed 
to escape until the pressure measures 65 cm. 
mercury, another set of valves then comes into 
play and automatically connects the retorts 
with the gasometer. ’Die oxygen obtained is 
97 to 98 p.c. pure. Barium peroxide is used 
in the preparation of hydrogen peroxide or 
dissolved in accidulatod water as a bleaching 
agent. 

Peroxide of liarium is decomposed by sul- 
phuretted hydrogen at ordinary temperatures, 
and when heated in a current of carbonic oxide 
it becomes white hot. It becomes incandescent 
when heated in sulphur dioxide. When treated 
with strong sulphuric acid at a temperature 
exceeding 70*, oxygen is given oil; at lower 
temperatures the oxygen is mixed with ozone. 
When the peroxide is mixed with acidulated 
water in presence of oxide of silver, peroxide 
of manganese, or peroxide of lead, oxygen 
is evolve both from the peroxide of barium and 
from the other oxide. A small quantity of* a 
silver compound is capable of decomposing a 
large quantity of barium peroxide, but ioefine 
decomposes an exactly equivalent quantity: 

BaOa+I,=BaI,+08. 

The amount of active oxygen in BaO, may 
be determined by adding a known quantity of 
the peroxide to pure hydroohlorio acid, then 
potassium iodide free from iodate top;ether with 
excess of bicarbonate of soda, and titrating the 
liberated iodine with a standard solution of 
sodium thiosnlphato. It may also be estimated 
by titrating an acidulated solution with standard 
potassium permanganate (Bertrand, Bull. Soo. 
chim. [2] 33, 148). 

Baniim hydroxide, HydraU of Baryta, or 
CavHic Baryta Ba(OH), or BaO'H.O, is formed, 
with great evolution of heat, when water is 
added to anhydrpus baryta (barium oxide) : ^ 

Ba0+H,0-Ba(0H),. 

A hot concentrated solution of e^ivalent | 
quantitlM of barium nitrate and sbdium or po* I 
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taasinm hydroxide deposits, on cooling, crystals 
of barium hydroxide. Soda is usually employed, 
of 8p.gr. 1 *10-1 *16, and the crystals obtained are 
freed Irom mother liquor by draining, or better, 
by means of a oentrmigal machine. 

Commercial caustic baryta is prepared on 
thr large scale by igniting the native sulphate 
or heavy spar witn ooal or oharooal, whereby an 
impure barium sulphide is obtained, and heating 
this is earthenware retorts into which a current 
of moist carbonic acid is passed, thus converting 
it into carbonate : 

BaS+CO,+H,0-BaCO,-fH,S. 
Superheated steam is then passed over the 
I heated carbonate, when the following decom- 
position takes place : — 

BaCO,+H,0=sBa(OH),+CO,. 

According to R. Heintz (Chem. Zoit. 1901, 
199), only iho carbonate is used to any extent. 
The calcination is conducted in speoiidly ooii- 
stniotcd furnaces lined with basio material 
and hosted with producer gas. The proiWot 
contains 96 p.o. Baf). The same author reviews 
the methods that have been suggested for the 
manufacture of baryta from barytes, and con- 
siders them too costly for ilie production of a 
cheap eommorc'ial oxide. 

Alarino (Cazz. ehirn. ital. 4.‘), 416) has shown 
that the reduction of bariiiin sulphate to sulphide 
is effected by reducing gases, especially water gai^ 
more readily than with the use of coal, the rt^uuc? 
tion occurring at r)26*-r>40®. In practice 
0(H)®-62.'>® is used, and a yield of 05-06 p.c. was 
obtained in an experimental furnace. Baryta 
is then prcpaivd by the electrolysis of a solution 
of barium sulphide by Broehot and llansome’s 
process, a diaphragm of liigh resistenee being 
employed in all cases. The best results are 
obtained with copper electrodes and a solution 
containing 20 p.c. of Ba8. 'i'he barium hydrate 
at the anode increases as long as the concentra- 
tion does not fall lielow 5 p.c., and in concen- 
trated solutions, at 70*-^* amounts, after 
24 hours, to 13 grms. per litrdt Kormation is 
duo to interaction of hydroxyl ions with the 
Ba8. 

C^austio baryta crystallises from water in 
large, transparent, eofourless, quadratic prisms 
capped by pyramids. The crystals Ba(OH)a, 
8H,() are isomorphous with the corresponding 
strontium compound. I’hey dissolve in 20 parte 
of water at Ifr, and in 2 parts of boiling water. 
The aqueous solution known as baryta water is 
highly caustic and of strong alkaline reaction, 
rapidly becoming covered with a film ^f car- 
bonate owing to absorption of atmospheno car- 
bonic acid ; bence it is frequently used In the 
determination of the amount of oarbonio acid 
contained in the air. On exposure to air the 
crystals fall to a whj^ powder, with loss of 
seven molecules of watm*. Do Forcrand (Coznpt. 
rend. 103, 59) isolated the hydrate Ba(OH)f,UjO 
by allowing the compound BaO,2CH ,0+211^0 
to evaporqte over sulphurio acid if» tfaeuo, 
H. Lescesur (Compt. rend. 06, 1578) shows that 
at 100* Ba(OH)(,HtO ^s a tension of dissocia- 
tion of 46 mm., and tftit this hydrate is com- 
^pletely convert^ to Ba(OH), when heated to 
1 100* in vacuo. Lescosqf also proves that the 
dissociation temion of Ba(OH)„8H,(T is 213 
mm. at 76*, solhat at this temperature all three 
hydrates of BaO may exist simultaneously. 
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Ba(OH)t, when heated alone, is only redneed Commeroial fMurinm chloride ^craDy eon- 
to haryta above a red heat ; if not heated abore tahia amaU qoantitiea of atroniiDin and calcium 
rednesi^ it re-forme, on cooling, a oryetalliiie ohloridei, together with traoea of the chloridea 
maaa of Ba(OH)), but when heat^ in a current of iron, aluminium, copper, and lead. Washing 
of air it takes up oxygen and is converted into the crystals with alcohol removes both the 
peroxide of barium with loss of water ; when strontium and calcium chlorides, whilst calcium 
heated in a current of carbonic acid it also loses chloride may also bo removed by digesting with 
water and is converted into barium carbonate: barium oarlmnate susjiended in water, when the 
Ba(0H}j+0«Ba02+H20. calcium chloride beromes converted to ear> 

Ba(0H)j-fC0|«sBaC0,+H20. bonate, or more rapidly by addi^ bax^ water 

Buyte hM until recently been uaed in the “d p^ng mtoio acid gas into the liquid, 
processes of sugar-refining, inasmuch as it forms Digestion with banum carbonate a^ preoipi- 
the compound CsoH-jO.tBaO with cane-sugar, tstos the sesquioxides of iron and ^umma. 
which, when treated with carbonic acid gas, is Lead and copTOr may best be removed by the 
decomposed into insoluble barium carbonate and add^ion of a little barium sulphide, 
sugar, nenoe affording a means of separating the Barium cMonde may be recovered from 
pure sugar from the molasses ; but as strontium mixtures of chlorides of the alkalis and alkaline 
hydrate acts in a similar manner, and is not ®arths by treating the concentrated liquor with 
poisonous, it has been substituted for baryta in * hot saturated solution of salt, when on cooling 
Bugar-rofining. ® mixture of barium and sodium chlorides 

Hydrated barium peroxide. Schone has crystal^iee out; by treating a cold saturated 
shown (Ber. 13, 803) that only one hydrate of aolution of this mixture with twice its volume of 
Bab* exists, containing 8 molecules of water, hydrochloric acid, barium chloride is precipitated 
BaO^fSHgO. This h^rato is precipitated in (Dingl. poly. J. 260, 91). 

ciystaUino scales when peroxide of hydrogen is Barium chloride crystallises from aqueous 
added to concentrated solutions of barium solution with two molecules of water BaCl*,2H*0 
hydroxide. It is slightly soluble in cold water, but transparent, colourless, rhombic tables; 
decomposes in boiling water, forming Ba(OH)* sp-g**' 2-60-3-O6. The crystals decrepitate 

and evolving oxygon. when heated. They have an unpleasant, bitter, 

Barium subchforlde Bad is obtained (Gunte, sharply saline taste, exciting nausea, and are 
fJull. fSoc. chim. [3] 29, 490) when equal amounts very poisonous. 

of BaCl* and Ba are heated together tn vacuo at One hundred parts of water at 0* dissolve 
860°. The fragments of BaOlj absorb the molten 82 -62 parts of anhydrous barium chloride, and 
barium'wiihont change, and are microcrystallme. 0*2711 part for every degree above 0°; 100 
The material so o!»tainod is not pure. It decom- parts of water at 16 -G* dissolves 43*6, and at 
poses water. By using Na, a definite compound l06*6® 78 parts of the orystalliscd chloride. On© 
NaClBaCl can bo obtained. Bad appears to be part of crystallised barium chloride at 1 8*1® dis- 
(orinod when oloetrolysing fused BaClj. solves in 2*267 parts of water to form a solution 

Barium chloride BrCIj. Oystnllwed (lerra of sp.gT. 1*28261 (Karsten). A solution satu- 
pmderoaa aaUta) Bad2,2H20. Barium chloride rated at 8® has a sp.gr. of 1*270 (Anthon). 
may be prepared either from withorite, the Barium chloride is almost insoluble in strong 
native oaroonate, or from heavy-spar, the native hydrochloric acid, so that it is precipitated from 
sulphate. The withorite is dissolved in dilute its solutions by hydrochloric acid, and a few 
hydrochlorio aoW and the solution allowed to drops of the aoid reduces the solubility consider- 
stand some time in contact with excess of the ebly. Hot absolute alcohol di^lves only 
oarlionate, which is added to precipitate iron and part of the crystals ; but according to Fresenius, 
other foreign metals present in the mineral; I part of the salt dissolves in 8108 ports of 
the rapidity of precipitation is much increased alcohol of 99*3 p.c. at 14®, and in 4857 parts of 
by the addition of a little baryta water. The the some alcohol at its boiling iioint. 
filtered liquid is then neutralised with hydro- « The crystals are not efflorescent, but give up 
ohlorio aoid, and the salt oiystaUised out and the whole of their water at 100®, leaving a 
purified by reoiysiallisation. white mass of the anhydrous salt, which melts 

From the native sulphate barium chloride at a red heat, forming a translucent mass on 
may be prepared in two ways : cooling ; the c^stals are optically biaxial and 

(1) heating the sulphate in a crucible with positive. Specific gravity of the anhydrous 
povraered coal and decomposing a filtered solu- chloride is given by various observers as 3*70 to 
tion in water of the barium sulphide formed with 4*16. Hans Winter (Diss. Leipzig. 1913, 1) gives 
hydrochlorio aoid: BaS-f 2HC5*sBaCl.+H,S. the following constants. m.p. 968°, sp-gr. 3*789. 

Excess of hydrochlorio aoid is added, and When heated in a current of steam it evolves 
the liquid boiled till free from sulphuretted liydrochlorio acid below its fusing point, 
hydrogen ; it is then filtdled, cooled, and evapo- Calcium and barium chlorides form the double 

rated to the crystallising point. salt OaClgBaCl* (m.p. 631®), but no mixed 

(2) By heating a mixture of 100 parts finely crystals. Barium ana strontium chlorides form 
powdered heavy-spar, 40 parts of charcoal, ^ a complete series of regular ifi) mixed crystals, 
parts of limestone, and 60 parts *of calcium which on cooliim are transformed to (a) crystals 
chloride to a red heat in a revemratory fhmaco, (monoolinic). The two series correspond with 
by which barium ^ori^e and calcium sulphide the a and p forms of BaCI*. which coexist in 
are formed. The mass is lixiviated with water, equilibrium at 022®. The freezing-point curve 
when the barium chloride is dissolved out, ^shows a minimum at 847®, at.wmch point 30 
leaving 0a insoluble oaioium oxy sulphide formed mola. p.o. BaCl* are present The double 
by the union of the sulphide wrdi the oxide of ohloridM 2KGlJ8rClg and 2KCi,BaClt are 
ealoium produced by ignition of the limestone, iscmiorphoiu and rhombia 
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A concentrated aolntion of bariom chloride is 
decomposed by sodinm or potassiam nitrate, 
forming barium nitrate and a chloride of the 
alkali-metaL With glycocol CHsCNHil^COOH 
it forms a crystalline compound, and also acts 
upon blood as a preventive of putrefaction and 
cosffplation. 

Barium chloride is extensively used as a re- 
aaent, especially for the detection and estimation 
of sulphuric acid. 1 1 is also used for the prepara- 
tion of artificial sulphate or * permanent vrhite/ 
and for preventing the incrustation of steam 
boilers by decomposing the gypsum of hard 
waters. 

Barium oxychloride. Andrd (Compt. rend. 
93, 58) obtained an oxychloride of barium by 
adding 60 grams of Ba(OH)a to 200 grams of 
crystallised barium chloride, and boiling the 
mixture with 600 grams of water, filtering, and 
allowing to cool, when nacreous lamclltt, to 
which he ascribed the formula BaC]|‘Ba(h5H|0, 
separated out (Compt. rend. 98, 672). ^Beck- 
mann (J. pr. Chem. [2] 27, 126) also obtained 
nacreous plates by similar means to which he 
gave the formula BaCl(0}T),2H,(). These plates 
lose ^ths of their water at 120** and the remaining 
fifth at the fusing-jpoint by prolonged heating 
in a stream of hyclrogen. This oxy(‘hlorido is 
readily decomposed by water or alooliol. 

Barium chlorite Ba(01O.), may be obtained 
absolutely free from chloride by the action of a 
mixture of chlorine dioxide and carbon dioxide 
free from chlorine on barium peroxide suspended 
in hydrogen peroxide. The decomposition of 
barium chlorite takes place according to the 
equation — 

Ba{C10,),=BaCl, f 20a-l 48 0 cals. 

From this follows the equation — 


Ba-i-Cl,+2O,s:=Ba(0lO,)j(solid)-f 148 cals, 
and 

BaCJ,+20,=Ba(C10,),-48-6 cals. 

Ba(C10,), + O, = Ba<(;i( ),), + 22*8 cafe. 

Ba(C10,), -f- 0, =■ Ba(C 104 ), + 30*2 cals. 
Con^uently in compounds containing chlorine 
in different degrees of oxidation the formation is 
the less endotnormic and the more exothermic 
the higher the degree of oxidation (Gazz. chim. 
ital. 45, 161). 

Barium chlorate Ba(ClOa),. Ba(OH)« 
does not absorb chlorine, but in presence of 
water it rapidly takes it up, forming first hypo- 
chlorite and chloride, the former of which breaks 
up into chlorate and chloride 

6Ba0-f-6Cl,=5BaCl,+Ba(C10,), 
(Konigel-Wiesberg, Ber. 12, 346). 

'As it is difficult to separate from the chloride, 
the chlorate is best prepared by neutralising a 
solution of chloric acid with barium carbonate 
and evaporating to the crystallising pointy It 
czystallii^ in colourless monoclinic prisms with 
1 molecule of water, soluble in 4 parts of cold and 
less than 1 part of boiling water. 

Barium chlorate is also slightlv soluble in 
alcohol, and the alcoholic solution bums with a 
green flame. 

If strongly heated fused barium chlorate be 
plunped into a jar of coal gas, a brilliant com- 
bustion of the carbon and hydrogen contained in 
the coal occurs at the expense of the <gcygen 


Barium pvohlorate Ba(CIOa)|,4H|0 is readily 
formed by neutraiisiiig perchloric acid with 
barium hydrate or carbonate. It orystalliees 
from the solution in long deliquescent prisma 
very soluble in water. 

Barium bromide BaBr,. Crystallised 
BaBr.,2HtO. 

This salt is prepared by saturating baryta 
water or barium carbonate or sulphide with 
hydrobromio acid ; or by decomposing the 
sulphide with free bromine, sulphur being pre- 
cipitated. 

The most convenient method is to bring to- 

f ther under water 12*6 ]iart8 of bromine and 
part of amorphous phosphorus, by which a 
solution of hydrobromio and phosphoric acids 
is formed, which is ncutralisod with barium car- 
bonate rendered alkaline by baryta water. The 
insoluble barium phosphate may then be filtered 
off and the bromine obtained by evaporation and 
crystallisation. 

Barium bromide is very soluble in water, and 
crystallises with difficulty ; it is isomorphobs 
with ‘the chloride, but unlike the latter salt is 
soluble in strong alcohol. It loses one molecule 
of water at 76®, and the second at 120® (Beck- 
mann, tj. pr. (Jhem. [2] 27, 126), m.p. of anhy- 
drous salt 847®. 

Barium oxybromides. Two oxybromides 
have been prepared by Beckmann (l.c.) 

BaBr(OH), 2 H 2 () resemble < the correspond- 
ing oxychlorid'*. BaBr(OH), 311,0 was obtained 
by adding alcoliol to mixed solutions of BaBr, 
and lia(OH),. 

Barium iodide BaT,. Anhydrous, sp.gr. 4*917, 
it forms several hydrates with 7,6,2, 1 molecules 
of water. Barium iodide is formed when 
hydriodic acid gas is passed over baryta at a 
red heat, a violent action occurring attended 
with inoandescenoe. It is generally prepared 
by mixing barium monosulphidc with a saturated 
solution of iodine in alcohol as long as sulphur 
i^ precipitated; the filtrate is then boiled 
rapidly to near dryness, redisso^ved in a little 
water and again evaporated, this time to dry- 
ness, preventing the access of air as much as 
possible by performing the operation in a glass 
bolt head. On redissolving the mass in hot 
water and allowing to cool, slender needles 
s^arate out of the composition Bar|,7H,0 
(Cfroft, Gazz. chirn. ital. 1856, 126; Thomsen, 
Ber. 10, 1343). 


These crystals are very deliquescent and 
readily soluble in alcohol. 'l)ho^ lose 6 molecules 
of water at 126*', and the remainder at* 160® 
(Beckmann, J. pr. Chem. [2] 27, 126). They 
decompose slowly at ordinaiy temperatures, and 
quickly when warmed, giving; off violet vapours 
of iodine. Commercial barium iodide crystal- 
lises at the ordinary temperature in largo hexa- 
gonal prisms, apparer^y isomorphous with 
SnCl„6H,0. They melt in their water of 
crystallisation at 26*7® (Centr. Min. 1918, 106). 

The double iodide of barium and mercury 
has a Bp.gr of 3 *688 higfesr than 4hat of Thoulet^s 
solution, and may be of use for petrographioal 
purposes (Rohrbaeh, Jahrb, Jdin. 1883, 2, 
Mem. 186). ^ 

O Baitom oiylodlde, Beckmann (J. pr. Chem. 
pn 27, 126) ptepared an dxyiodide of IJorium 
of the formula BaI(OH),4H,0 which crystallises 
in short thick needles. 
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B&rllim lodatt Ba(I0a)t <• lugely uied for 
the prepenikm of iodio eoid, and is obtained m 
a white granular preeipitate by adding potassiiim 
iodate to barinm chloride. 

It is soluble in 3000 parts of cold and 600 
parte of lading water. It dissolves in hot nitric 
acid, and crystallises out on cooling in bright, 
glittering, monoclinio prisms isomorphous with 
the chlorate. Hydrochloric acid dissolves it 
with evolution of chlorine. 

Barinm periodate. By passing iodine vapour 
in a current of dry air over heated oxide of 
barium a basic perio^te of the formula Bagl|0}| 
or Ba(I 04 )g 4 m 0 is formed. The same ImsIo 
periodate is form'yl when barium iwlate 
heated to a high tempemturo : 

5Ba(IO,),-:Ba4T,Oi4-f4I,+90, 

or on heating barium iodide in a current of air 
until no mon^ iodine is given off : 

5BaT,+0O,-sBa5T,Ou f 41,. 

• Hence Sugiura and Cross (J. Chem. Soc. 1870, 
118) conclude that Ba,1^0i, is the most stable 
combination of barium, iodine, and oxygen. 

Barium fluoride BaF, (m.p. 1280^), is ob- 
tained by neutralising hydrofluoric acid with 
barium hydroxide or recently precipitated 
carbonate ; or by precipitating a solution of 
barium nitrate with sodium or potassium fluoride. 
It forms a white, granular, crystalline powder, 
sparingly soluble in water, but readily soluble 
in nitric, hydrochloric, or hydrofluoric acids. 
It ciystallises in the cubic system. 

It combines with fluorides of silicon and 
boron, forming the compounds BaF,' 2 SiF 4 
barium silioofluorido anil BaF,*2BF,. The 
former is precipitated by adding hydrotluosilicic 
acid to soluble barium salts as a crystalline 
precipitate totally insoluble in alcohol, and 
serves as a means of separating barium from 
strontium and calcium, which arc not precipi- 
tated by hydrofluosilioic acid. 

Barium fluoride forms a crystalline compound 
with the chloifdo of barium BaCI,*BnF, when a 
solution of barium chloride is mixed with one of 
sodium or potassium fluoride ; this double com- 
pound is more stable than the fluoride itself, and 
remains as a granular mass on evaporation of 
the solution. The crystals are tetragonal in 
habit, and optically negative, m.p. 1008°, 
sp.gr., 5*031. 

Barium carbide BaC, was first obtained by 
Maquenne (Ann. Chim. Phys. (fl) 28, 250) by 
hoat^g a mixture of the carbonate and carbon 
with magnesium or by tho action of carbon on 
the amalgam in an atmosphere of hydrogen at 
a red heat. Moiesan (Compt rend. 118, 683) 
obtained it in a pure crystiUline condition by 
heating a mixture of the carbonate or the oxide 
with carbon in an eleo^c furnace. Its specific 
gravity is 3*75, and it possesses properties 
similar to CaC,. but is more fusible. 

Barium carbonate BaCO,. The native car- 
bonate was first noticed, to occur at Leadhills in 
Scotland, in 1783, by Withering, and hence 
received the name It is found in 

many places inFEngland, ^cially fine crystals 
being met with at Fallowfield in Northumbef- 
land !e it is also feund in Silesia, Hungary, 
Styria, Russia, South An^rica. MTtherite 
oiystailises in tlie rhombic ^rstem isomorphous 


with aragonite. It occurs also in globular, 
tuberose, and botryoidal forms ; more frequently 
massive. Sp.gr. 4*29-4*35 ; hardness 3-3*75. 

Knop (l.iandw. Versnehs-Stat. 17, 65) found 
0*02 p.o. of barium carbonate in Nile mud 
from Minich and Achmin ; and Dworzaok 
(T^ndw. Vcrsuchs-Stat. 17, 65) found baryta in 
the ash of the wheat grown thereon. Alstonxte 
(BaCa)COs contains banum and calcium in 
varying proportions, and is i8omor|)hous with 
witherite. liaryto-rnlcite BaC() 3 +CaCOj crys- 
tallises in the raonoclinic system. 

Boeke (ilahrb. Min. 9-10) shows by heating 
barium carbonate under pressure of carbon- 
dioxide, that it undergoes two reversible trans- 
formations. At 811° the ^ form (witherite, 
orthorhombic and pseudo-hoxagonal) passes 
to the $ form (hexagonal), and at 982° to the 
a form (cubic), m.p. about 1740°. The system 
barium carbonate-calcium carbonate (repre- 
sented by the minerals alstonite and baryto- 
calcite) give iso- dimorphous mixed crystals with 
a eutectic at 1139° and 52 J mol. p.c. CaCO,. 
Up to 30 mol. p.c. (’aUf), the orthorhombic 
alstonite is the stable form, but with more 
calcium carbonate, this is replaced by trigonal 
baryto-calcite. Monoclinio bar^^to- calcite is not 
present in tho fusions. 

Barium carbonate is rapidly formed w'hen 
baryta, hydrated or anhydrous, is exposed to 
tho atmosphere. When BaO is hcoted in (Xlj 
it absorbs tho gas, becoming incandescent ; the 
basic carbonate being formed (Raoult, Compt. 
rend. 92, 1, 110). 

It is readily prepared by precipitating 
aqueous solutions of tho nitrate or chloride with 
ammonium carbonate, filtering, and washing 
with hot water ; or by igniting a mixture of 10 
parts powdered heavy-spar, 2 parts charcoal, and 
6 parts pearl ash (potassium carbonate). Potas- 
sium sulphide and barium carbonate are obtained 
and may be separated by water. The impure 
carbonate thus produced may bo used to prepare 
other salts of barium, but these salts will contain 
iron. 

Artificial barium carbonate is a dense soft 
white powder, poisonous, and hence used for 
destroying rats. It is very sparingly soluble in 
water, slightly soluble in water containing 
carbonic acid, owing to the formation of an acid 
carbonate which is stable only in solution. It 
dissolves readily in ammonium chloride, nitrate, 
and succinate, and when boiled with ammonium 
chloride is totally decomposed, forming ammon- 
nium carbonate and banum chloride. 

The solubility of BaCO, in water has been 
determined by Missenbeiger (Zeitschr. physikal. 
Chem. 88, 257), and also in water confining 
small quantities of sodium hydroxide, w'hich 
represses the hydrolysis and so furnishes a lower 
and more accurate value for the solubility. The 
minimum solubility is found in aoueous solutions 
containing 1 *25 x 10“* mols. of somum hydroxide. 
The following values were obtained (1) for pure 
water at 13°. 1*62 XlO-*; 18°, l*72xl0-» ; 
22°, 1*83 xlO-*; 27°. I*96xl0“»; 33°, 2*14 X 
lO-*; 37°, 2*28 xl0“* mols. per litre- and (2) 
true values calculated from experimental results 
in faintly alkaline solutions at 14°, 4*32 x 10-* ; 
18°, 4*57x10-*; 23°, 4*89xi(M; 27°, 6*22x 
10-\ 32°, 5-69X10-*; 38°, 0*27 XlO-* gram 
mol ^ litre. 
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It ii not.decompoMd at a strong red heat, 
but at 1361* it fuses with loss of carbon dioxide ; 
the tension of COg emitted at 1100* is 20 mm. ; 
at 1600* dissociation is complete. The decom- 
position is much more easily effected in presence 
of carbon, being complete at 1450^. ft is de- 
composed by steam at a red heat, and very 
easily if mixed with an equal weight of chalk or 
slakM lime. 

The artificial carbonate is of considerable 
use in chemical analysis. 

Barium nitride BagN,. Maquetme (Bull. 
Soc. chim. [3] 7, 3G8) obtained this compound by 
passing nitrogen into a tube containing a 25 p.c. 
amalgam at a red heat. Guntz and Meiitrel 
{ibid. (3) 29, 581) obtained it by heating barium 
ammonium at 430*. So obtained it is a light 

S orous material of a canary-yellow colour. It 
ecomposes water in the cold, giving ammonia 
and Ba(OH)a. 

The pure nitride and hydride are readily 
obtained by heating the metal in the respective 
gases. When the nitride is heated in a current of 
hydrogen a compound having the formula 
13asN(H4 is formed, but the product is impure 
since the compound reacts even at relatively low 
temperatures with hydrogen according to the 
equation 

Ba,N,H4-fH,==3Balf,-fN, 

When hydrogen is passed over the heated impure 
nitride ammonia is formed. Baifg wliicn is 
thereby produced is readily transformed back 
to the nitride by the action of nitrogen, so that 
a process is given for the fixation of nitrogen 
(Monatsh. 34, 1685). 

Barium ammonium is formed by the action 
of ammonia gas on barium or barium amalgam 
below 28** ; but it is best prepared by dissolving 
barium in dry liquid ammonia at —50*’, when 
it forms a dark-blue oily liquid immiscible with 
the liquid ammonia. The compound is some- 
what indefinite, but a body having the formula 
BaCNHglf appears to exist. 

Barium amide Ba(NH|)4 is obtained by 
heating barium ammonium to 60* or by passing 
ammonia over barium at 280* C. 

When a barium salt and excess of potassa- 
raide are allowed to interact in liquid ammonia 
solution a white insoluble precipitate of potassium 
ammonobariate BaNK,2NH„ or BafNBi)^, 
KNH4, is produced. The strontium and 
calcium salts may be prepared in the same way 
(J. Amor. Chem. Soc. 37, 2295). 

Barium nitrite Ba(N04)t,TftO is prepared 
by heating the nitrate, dissolving in water, and 
precipitating any baryta formed by passing a 
stream of carbon dioxide tlirough the solution, 
adding alcohol to the filtrate to precipitate 
the unreduced nitrate, and evaporating to 
the ciystalliaing point. Or by passing nitrous 
vapours into baryta water, evaporating to 
dryness, (Resting in a small quantity of water 
(not sufficient to dissolve the nitrate) and crystal- 
lising. It is most readily prepared pure by 1 
addu^ barium chloride to a boiling solution of 
silver nitrite, filtering off the silver chloride, and ! 
evaporatiDg. | 

It is permanent |n the air, readily soluble in 
water or alcohol, and oiystoJlises in colourless 
prisms, either needle-shaped or, aocordirg to 
liseher, thick short prisms of 71|*. 


Barium nitrate Ba(NOa)a. A native barium 
nitrate has been discovered in Chile in the form 
of colourless octahedra, occasionally twinned 
like spinel (Groth, Jahrb. Mih. 1883, 1, Ref. 14). 

Barium nitrate is prepared on the largo scale 
either by dissolving the native carbonate 
(wi thorite) or the crude sulphide in dilute nitric 
acid, or by mixing hot saturated solutions uf 
barium chloride and sodium nitrate. On cool- 
ing, the larger portion of the barium nitrate 
crystallises out, and the evaporation of the 
mother liquors yields the remaining portion. 

Barium nitrate crystallises in lustrous, colour- 
less, regular octahedra, frequently modified 
by faces of the cube, of sp.gr. .3*2. The crystals 
are permanent in the air, decrepitating when 
heated, and melting at 505*53* (Carnelloy 597*). 
At a red heat the salt decomposes, evolving 
oxygen, nitrogen, and nitrogen peroxide, and 
leaving a residue of pure baryta. It detonates 
slightly with combustible bodies, and decomposes 
With a yellowish light when thrown upon the 
fire. It is largely used in pyroteohny lor giving 
green-coloured lights, especially for the prepara- 
tion of green fire ; and for the manufacture of 
saxtfrayint an explosive mixture of 76 parts of 
barium nitrate, 2 parts of nitre, and 22 parts 
of charcoal. 

It dissolves in water, producing a slight 
depression of temperature ; 100 parts of water 
dissolve 5*2 parts of barium nitrate at 0*, 0*2 at 
20*, 17*1 at 50*, and 32*2 at 100*. It is less 
soluble in dilute nitric acid ; hence a second 
crop of crystals may bo obtained from cooled 
saturated solutions on addition of a little nitric 
acid. It is quite insoluble in concentrated nitric 
acid and in alcohol. 

Hirzcl (Zeitsch. f. Pliarin. 1854, 40) obtained 
a hydrate Ba(N04)|,2H40 from a solution cooled 
below 12*. Berry (Chem. Nows, 44, 190), by 
saturating tlio same water with barium and 
strontium nitrates, introduemg a crystal of 
Sr(N ()•)•, 4H4O, and evaporating over sulphuric 
acid in vacuo, obtained crystals confining 17 p.c. 
of a hydrated barium nitrate isomorphous with 
the strontium compound. On account of the 
great electro affinity of nitrion (nitrate ion), the 
formation of double nitrates is found to occur 
in few cases, and witli one exception (the double 
nitrate of barium and potassium) are formed only 
when one of the metals has a valency greater 
than 2. The unexpected formation of the double 
nitrate of potassium and barium was first 
observed by W'allbridge (Amer. Chem. J. 30, 
n>4), whose analysis showed it to be anhydrous 
and to have tne formula 2KN0s,Ba(N04)4. 
Foote showed (Amer. Chem. J. 32, 251) that the 
double salt can form at 25* under a moderately 
wide range of conditions, as, for example, from 
solutions containing 15 to 27 p.c. K]n 0|, and 
from 6 to 2 p.c. Ba(NOt)4. The salt cannot bo 
recrystallised. Only one well-defined basic 
nitrate BaiNgOi is known, and this forms several 
hydrates. 

Barium monotulphlda BaS is obtained in a 
pure state by passing sulphuretted hydrogen 
over heated baryta as long as i^ter is formed. 
Veley (Chem. Soc. Trans. 1886, 369) prepared 
pfire crystals of the hydrate of barium hydroxide 
Ba(OH)t,8H.O, and heatea*them at 80*) in a 
current of hydrogen until they attained the 
constant composition Ba(OH)|,H|0, when a 
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stream of sulphuretted hydrogen was passed 
over them, yidding pure ]ia.S and water : 

Ba{0H),.H,O4-H,S=-BaS+3H,O 

Tt may also bo prepared by passing carbon 
disulphide over red-hot baryta, or by reducing 1 
powdered barium sulphate in a stream of | 
hydrogen. 

On the manufacturing scale it is prepared by 
roosting KM) parts of haavy-Hjmr with 20 parts of 
coal slack or charcoal. If charcoal is used, a 
thorough mixture must be effected, as the 
reaction is otherwise very imperfect, owing to the 
non-fusibility of the moss. If the slack of 
bitiiniinous coal is used, the * caking ’ supplies a 
carbonaceous material which readily poriiicatcs 
the mass and ensures complete reduction. 'Fhe 
fulrnixture of resin, oil, or sawdust is also advan- 
tageous, and the asphalt of gasworks is a 
capital reducing material, as the hydrogen con- 
tained in it prevents the formation of poly- 
sulphides of banurn. The mass thus obtained 
contains excess of carbon and some undecom- 
posed sulphate, but the barunn suljihide may be 
extracted by treating with hot water. 

Anotlier method is to heat a mixture of 100 
parts heavy-hjmr, 2(K) of common salt, and ir> 
parts charcoal [lowdcr in a reverberatory furnace, 
Lho salt being added to assist fusion. 

iiarium sulphide forms a white mass of 
licputiQ odour and alkaline taste, soluble in water, 
[orming a mixture of liydrato and sulphydrato ; 

2HaS |-2ll,()=Ba(8H), [ Ba(Oll), 

When exposed to the air it bi'conics converted 
into carbonato with evolution of sulphuretted 
liydri>g(*n, owing to absorption of moisture nml 
uarbonic luud. When heated to redness in pre- 
Bcnco of aqueous vapour, it is converted mto j 
barium suljihalo with elimination of hydrogen, 
ft IS decomposed by liydrochloric and nitric 
acids with formation of the chloride and nitrate 
and elimination of Hiilphun tied hydrogen. 
Uhlurine, bronwue, and iodine decompose it wth 
formation of chloride, bromide, and iodide, and 
deposition of sulphur. 

'Pho phosphorescent material known os 
* ilologniaii phosphorus ' is a sulpliide of barium 
obtained by heating 5 parts of precipitated 
barium aulplmto with 1 ])art of powclored char- 
:;oal over a gas llame for half an hour, and then 
heating for ton minutes over tho blowpipe ; it 
must be scaled up while still hot in glass tubes. 
After exposure to tho sun’s rays, or to any light 
rich ill ultra-violet rays such as that omitted by' 
burning magnesium wire or tho electric arc, it 
pliosphon^soes in the dark with a brilliant 
orange-coloured light. Sulphides of barium, 
strontium, and calcium are now manufactured 
[or the preparation of luminous paints which are 
used for coaUng clock-^acos, match-boxes, &o 
Their surfaces are protected fmm moisture by a 
thin coaling of vaniish. Good Bolognian stones 
are obtain^ (J. pr. Chem. ii. 82, 193) from a 
mixture of strontium carbonate (20 grams), 
sulphur (3 grams), lithium (nrbouato (0*6 gram), 
thorium nitrai^ (1 4to. of 0*5 p.c. alcoholic 
solution), or barium carbonate may be sub- 
stituted for strontiim oarbonate and (0*9 granf) 
rubidium carbonate^tead of thorium nitrate, 
rim phosphoresoenoe is more ifttense if one half 
of the alkaline earth carbonate is replaced by the 


corresponding hydroxide. Stones exceeding any 
others previoudy made in the intensity and 
duration of the phosphorescence have been 
prepared by the ignition for f hour in a Rdssler 
furnace of the following mixture : calcium oxide 
(10 grams), 'strontium carbonate (10 grams), 
barium carbonate (10 grams), magnesium oxide 
'(10 grams), sulphur (t> grams), potassium sul- 
phate (1 gram), sodium sulphate (1 gram), 
Uthiiim carbonate (2 grams), starch (2 grams), 
bismuth nitrate (2 c.c. of 0*5 p.c. solution), and 
thallium sulphate (2 c.c. of 0*5 p.c. solution). 
The stones exhibit a pale blue phosphorescence. 
When the ignition is prolonged to two hours the 
phosphorescence is very intense and greenish- 
yellow. After three hours* ignition the stones are 
I no longer luminous. Tho finest green phos- 
phorescence is produced by ignition for } hour 
of the following mixture : calcium oxide 
(10 grams), strontium oxide (10 grams), sulphur 
(3 grams), potassium sulphate (0*5 gram), 
sodium sulphate (0*5 gram), lithium carbonate 
(I gram), starch (1 gram), bismuth nitrate (i c.c.), 
rubidium nitrate (1 o.c. 0*5 p.c. solution). 
Barium sulphide is now largely used in the manu- 
fuoturo of lithophone by adding it dissolved in 
water to a solution of zinc sulphate. Mutual 
]>reci 2 )itation takes place, and tho white powder 
formed, consisting of zinc sulphide and barium 
sulphate, 18 used as a rubber filler and pigment. 

When a solution of 5 parts of banum sul- 
phide IS boiled with 1 part of sulphur, and the 
solution evaporated over suljihuric acid in 
vacuo, colourless six-sided transparent tables of 
Ba8,0K|() are deposited, which are decomposed 
by a small quantity of water* forming barium 
hydrosulphidu which dissolves, and barium 
hydroxide which remains behind. 

Barium hydrosulphide Ba(8H)« is formed by 
saturating a warm solution of barium hydroxide 
or suipiiido with sulphuretted hydrogen, evapo- 
rating apart from the air and cooling, when 
crystals of baryta and yellow prisms separate 
out. Tho mother liquor is mixed with afcohol, 
filtered from tho sulphur and barium thio- 
sulphate formed, and cooled to —10®, when 
colourless transparent four-aided prisms an 
obtained. The crystals contain water, which 
they lose on heating, becoming white. Exposun 
to air decompo.ses the crystals, witli efflorescence, 

I into barium thiosulphate and sulphate. Heated 
j ui a retort, they lose their water of crystallisation 
without fusing, evolving sulphurett^ hydrogen 
as the teniixu*aturo approaches redness, and 
I leaving a yellow mass of barium monosulphide, 
which becomes white on cooling. It is insoluble 
in alcohol. 

Veley (Chem. Soo. Trans. 1886, 369) Bnds that 
the composition of crystals of barium sidphydrate 
1 18 Ba(SH)„4H,0. 

Barium trisulphide BaSs formed as a 
greenish-yellow mass when 2 parts of barium 
sulphide are fused with 1 part of sulphur, the ex- 
cess of sulphur being distilled o£f below 360®. It 
melts at 400® with loss of sulphur and formation 
of a black liquid. On boiling for some time with 
water it dissolves to a red liquid which deposits 
on cooling crystals of the hydrated mono- and 
tetrasalpnidsB of barium. 

Baiinuu titraaalpliida BaS 4 . When 7 parts of 
barium sulphide are boiled in water with 4 parts 
ol sulj^ur, pale-red rihombio prisms are deposited* 
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soluble in water to a red-coloured liquid from 
which alcohol i.recijJtatee it as an orange- 
coloured crystalline powder. 

Veley (Chem. Soc. Trans 3(>9) obtains it 
by dissolving sulphur in a warm saturated solu- 
tion of barium hydrosulphidc ; tho crystals 
which separate out have the composition 
BaS.,2H,0. 

When a mixture of 2 parts of barium 
hydroxide, I part of sulphur, and 25 parts 
of water is boded, a deep brown liquid is 
obtained, which on cooling becomes oraiigc n'd 
in colour. If this solution is evaporated rapidly 
until a crust is formed on tho surface, on cooling 
the liquid deposits voluminous red prisms of 
barium tetrasulphide BaS4‘H2(3 mixed with 
sulphur and barium thiosulphate. The orange, 
red liquid contains sulphur and barium in the 
proportion corresponding with tho pcntasulphide, 
which appears to exist in solution, hut dccom 
poses during evaporation (Cuinpt. rend. 03, 
390). 

Barium pentasulphlda BaS^ is obtained in 
solution by boiling an aqueous solution of the 
monosulphide with sulphur. On evaporation of 
the caustic alkaline yellow solution, crystals of 
barium tetrasulphide and sulphur are obtained : 
BaS4=BaS4-f S. 

Barium sulphocarbonate BaCSg is deposited 
as a canary -yellow crystalline ]M)wdiT when a 
solution of barium sulphide is addcxl to carbon 
disulphide (Thonard, Compt. rend. 79, 673). On 
the large scale 90 p.c. yield may bo obtaincil, 
and Dumas suggested its use against the 
phylloxera in ^vulo districts. Thonard was of 
opinion that this barium salt would bo injurious 
to tho sod, and proposed to convert it into tiie 
potassium salt by adding potassium sulphate to 
its solution. 

Barium sulphite BaSOa is obtained as a white 
crystalline proeipituto by adding potassium oi 
sodium sulphite to a soluble barium salt. Is 
soluble in a warm solution of sulphurous acid, 
and crystallises out on cooling in six-sided prisms. 
When heated in closed vessels it is converted 
into a mixture of sulphide and sulphate, but 
heated in air tho sulphate is the solo product. 
Bimbaum and Wittich (Bcr. 13, 051) state that 
BaO unites slowly with SO^ at 200% but more 
rapidly at 230®, forming BaSOg. 

Barium sulphate BaS04 occurs in nature ai I 
barytes, or heavy-spar, forming fine tabular | 
crystals belonging to the rhombic system. It 
is a very common mineral in metalliferous veins, 
and is more particularly associated with lead, 
silver, and cobalt ores. Clowes (Chem. Neva, 
52, 194) states that the bods of the new red 
sandstone near Nottingham are permeated by 
minute crystals of heavy-spar, which acts as a 
cementing material. 

Crystals of artificial barytes, identical in form 
and properties with native heavy-spar, may be 
obtained by fusing certain metallic chlorides, 
such 08 those of manganese, sodium, potassium, 
or even barium itself, gradually dissolving 
barium sulphate in the fusra mass, very slowly 
cooli^, and afterwards extracting the soluble 
chloriaes with water. By this means Goigeu 
(Compt. rend. 96, 1734) prepared crystals much 
larger than those obtained oy the older process 
of fnaiDg potasrinm sulphate witili iMzium 
chloride. Tbs ^.gr. of the minsEsl and 


of the artificial oiystals .varies from 4*3 
to 4*7. 

Barium sulphate has b^n formed by Spring 
(Bull Soc. ohim. 46, 299) by subjecting an 
infimate mixture of molecular proportions of 
sodium sulphate and barium carbonate to great 
pressure. It is precipitated as a heavy white 
amorphous powder of sp.gr. 4*0— 1*5, when 
sulphuric acid or a soluble sulphate is added 
to tho solution of a barium salt ; this precipitate 
is nearly insoluble in water (I pt. in 232,588 
pts.}, very slightly soluble in dilute acids, more 
so in strong acids. Concentrated sulphuric 
acid does not attack anhydrous baryta, but 
pyroaulphurio acid attacks it so violently tliat 
tho mass becomes incandt'scont, and forms 
barium sulphate. For heat of combinations 
of Ba and SO4 ions see Bull. Soc. chim. 1918 
(iv.), 23, 13. Wiion freshly precipitated, d* 
IS readily soluble in concentrated sulphuric aoid 
at 100®, the solution depositing on cooling 
lustrous prisms of the acid barium sulpiiqta 
BaH4(S04)4. If the acid solution be exposed 
to tho air, moisture is taken up, and silky noodles 
of a salt having the coniiiosition BalIg(S04)gi 
2HgO are deposited. Both those acid salts aie 
decomposed by water, yielding sulphuric acid 
and tlie neutral salt. t 

Barium sulphate is also soluble to a per- 
ceptible extent in ammonium and poioHMiiim 
nitrates. HyJrobromio acid solution containing 
40 p.c. HBr dissolves it to tho extent of 1 in 
2500 parts ncid (Haalam, Chem. Nows, 53, 87 ; 
Karaoglanow. Zeitsch. anal. Chem. 1917, 56, 
225). 

Barium sulphate is partially decomposed by 
boiling with a concentrated solution of a ’fixed 
alkaline carbonate into alkaline sulphate and 
I barium carbonate, but tho reaction is much more 
complete when tho sulphate and alkaline car- 
bonate arc fused together. It is rodiicod to 
sulphide by ignition with charcoal or organic 
matter, also by ignition in a stream of coiU gas 
or of hydrogen mixed with vapour of carbon 
disulphide. 

Powdered hoavy-spar is used to adulterate 
white lead, but has not sufficient body to form 
a pigment by itself ; tho amorphous sulphate is 
prepared on tho largo scale by precipitation of a 
solution of barium chloride of sp gr. 1*19 by one 
of sulphuric acid of sp.gr. 1 *245, and is used as a 
pigment under tho name of * permanent white * 
or * blano fixe.* 

Barinm sodium sulphate BaNaglSOJg is 
formed as an opaque hard mass of pearly^ustre 
by fusing together equivalent quantities of the 
sulphates of sodium and barium (Berthier). 

Barium disuJphate BaS.Of. If precipitated, 
barium sulpliate be dissolv^ in fumuig sul- 
phuric acid, and the solution heated to IM®, on 
cooling a clistcning de^^sit of jmnular crystals 
of the disulpbate is obtained. Decomposition of 
these crystals occurs at a low red heat without 
previous fusion. 

Barium dithlonato BaSg04,2Hg0. Prepared 
by adding barium sulphide to the manganese salt 
formed on passing sulphidP dioxi^le through finely 
^vided manganese dioxide suspended in water : 
* MnSgOg+BaS-lj^+BaS.Og. 

On allowing the solotion to evaporate in a 
wwrm place, glitlerinff monodlnio orvstalt of the 
ialt are deposited of the competition BaSgOg, 
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2H.0. According ^ to S^nannont and Ram- 
inelBberg, the crysta'ls are rhom bic. According to 
V. Lang (SitK. B, 1.2] 45. 27 ). they are monoclinic. 

The orystale are edluble in 4 parte of water 
at 18^ and in 1*1 parte at 100". When the 
dry salt ie heated, it breake up into sulphur 
dioxide and barium sulphate. The same de* 
composition ooours on boiling with hydrochloric 
acid, but the solution of the dithionate itself in 
water may be boiled without <iccomposition. 

A tetrahydrate BaSa0«,4H20 may also^ be 
obtained by spontaneous evaporation in distinct 
shining monoclinic crystals, which effloresce on 
exposure to air. 

Barium thiosulphate 

BaS,0„H,0 or BaH,(SOa), 
is obtained as a white ci^stalline precipitate 
when the sodium salt Na^SiO, is addc(l to barium 
acetate ; it loses its water of crystallisation at 
215". The anhydrous salt, when heated to red- 
ness, gives off sulphur and leaves a residue of 
barium sulphide, sulphite, and sulphate : 

6BaSa0,=^BaS+2BaS0,+3BaS04+6S. 

Barium selenlde BaSo is formed by heating 
barium selenite to redness in a stream of hydro- 
Ken. It ie decomposed by water into barium 
njfdroxide and a higher solenide, which is decom- 
posed by acids with evolution of H^Se and 
precipitation of selenium. 

Barium selenate BaSe04 resembles the sul- 
phate in being insoluble in water, but differs 
from it in being decomposed by hydrocblorio 
sold into selenite, which dissolves in the hydro- 
ohlorio acid. 

Bajrium chromate BaCr04 is precipitated as 
a yellow orvBtalliiie powder when potassium 
ohiomate or uichromato is added to the solution 
of a barium salt. The salt may be obtained in 
green rhombic crystals isomorphous with BaS04 
By heating two equivalents of BaCl,. with one 
equivalent of potassium chromate and one of 
•odium chromate, and allowing the mixture to 
oool ; the ohloriaes may be boiled out with water, 
leaving the right rhombic prisms of BaCr04, of 
sp.gr. 4*6. Tliey are insoluble in water, but 
are easily soluble in hydrochloric and nitric 
acids, and are decomposed sulphurio aci<l into 
BaS04 and CrO, (Bourgeois, Compt. rend. 88, 
382). 

The precipitated chromate is used as a pig- 
ment under the name of * lemon yellow * or 
* yellow ultramarine.' When strong sulphurio 
acid ij| added to the dry pigment, great heat is 
developed, and it is coloured deep red from 
liberation of CrO^. If it be now ground in a 
mortar and heated to bright i^ness, the 
chromic acid is reduced to ohromio oxide, and a 
tine green pigment is obtained (Douglas, Chem, 
News, 40, 69). a 

Burlum dlchromate BaCr407 is obtained by 
dissolving barium chromate in hot concentrated 
ohromio aeid. On cooling, red crystals of the 
composition BaOsO., 21140 are deposited, which 
lose their water at 100", and are decomposed by 
water into the normaV chromate and ohromio 
anhydride (Fkeislnd Bayman, Ber. 13, 340). 

Barium mamanat§BaMn04 is formed wheni 
manganlise dioxide is heated with barium oar- 
bonate or nitrate aa an emeraffl-ffreen powder 
oonsisting of miorosoopio fbur-siimd prisms or 


six-sided plates, insoluble in water but decom 
posed by acids. Ibis salt is now used in plaoc 
of the poisonous Scheele's green. 

^lum permanganate is prepared 

by pMmg carbonio acid gas through wate] 
containing barium manganate in suspension 
after filtering off the banum carbonate the rec 
solution is rapidly evaporated. Or it may \h 
obtained by we action of barium chloride oi 
silver permanganate. 

Or potassium permanganate may be decom 
posed by slight excess of bydrofluosilicic acid 
the mixture Kept cool, and, after separation o 
the precipitated potassium silicofluoride, th< 
supernatant solution decanted and saturated ii 
the cold with barium hydroxide. After separatior 
of the insoluble barium silicotiuoride, the solutior 
is evaporated until the barium permanganate 
separates out on cooling (Rousseau and Bruneau 
Compt. rend. 08, 229). 

It forms large orthorhombic octahedra, deep 
red and almost clack, with a violet reflection. 

It is used for the preparation of permanganie 
acid and of the ammonium salt. 

Rousseau and Saglier (Compt. rend. 99, 130 
find that on heating two grams of barium man 
ganate with ten grams of barium chloride foi 
four hours to 1600", and extracting with watei 
and dilute acid, a residue of small opaque 
bluish- black crystals of barium manganiU 
BaMnOs remains; sp.gr. 5*85; readily soluble ir 
hydrochloric acid with evolution of chlorine 
The manganite is also formed when mixtures o 
manganese chloride and barium oxychloride are 
heated below 1000® or above 1100®. Betweer 
these temperatures the produci is barium di 
manganite Ba0’2Mn02, which crystallises ir 
brilliant black lamcllee. At 1600® the manganiti 
is reconverted to manganate. 

Barium phosphide When vapour o 

phosphorus is passed over red-hot baryta, e 
brownish-red mixture of barium phosphide anc 
phosphate is obtained commonly known at 
^phosphuret of baryta.' It is decomposed b} 
water, forming a solution of hypophosphite o] 
barium and evolving a mixture of free hydroger 
and spontaneously inflammable phosphorettoc 


JaBoin (Compt. rend. 129, 762) prepared the 
phosphide heating 100 parts of bariun 
phosphate with 16 parts of lamp black in ar 
electric furnace. The product so obtained hat 
a crystalline structure. It decomposes water 
yielding PHg and Ba(OH)2. 

Barium monometaphosphate is obtained at 
a white powder by evaporating a solution o. 
barium carbonate in excess of metapho^horit 
acid and heating the residue to 316 . Iti 
formula is not known with certainty. 

Barium dimetaphosphate Ba(P 04 )|, 2 Hs 0 it 
formed as a ezystallme sparingly soluble preoipi 
tate when barium ohloriae is added to a solutior 
of the corresponding ammonium or sodium salt 
Barium trlmetaphosphate Ba|P 40 i„ 6 H 40 
apparently a polymeric form of the iMt salt, ii 
produced when a solution of 1 part of the cone 
sponcUnff sodium salt in 10 to 15 parts of watei 
is mixed with a nearly saturaM solution o\ 
3 parts barium ohloride. On standing, tlu 
■alt separates in monooUnio prisms, whion givi 
off twoHhirds of their water at 100% ead thi 
reel at a higher temperatuxe. 
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Barium heiamatepliosphata ia obtained as 
a gelatinona precipi^te by preoipitatinff the oor- 
ceeponding eodium salt with banum omoride. 
Monoliirliim orthophosphate BaH 4 (P 04 ), ia 

prepared by evaporating a aolution of the di- or 
tri-Winm salt in aqueous phosphoric acid. It 
forma colourless crystals— -triclinio according to 
Erlenmeyer, with acid reaction ; soluble without 
decomposition in a small quantity of water, but 
dccompoMd by excess of water into free phos- 
phoric acid and the neutral salt. 

Joly (Compt. rend. 98, 1274) states that as 
the total weignt of salt brought in contact with 
the same quantity of water increases in arithme- 
tical progression, the weight which is dissolved 
without decomposition decreases in geometrical 
progression ; but as soon as half the original salt 
has been decomposed a diacid salt is formed 
Ba0*2Pt044’afH|0, the proportion of which 
increases as the acidity of the liquid increases, 
and eventually exists alone in solution. 

DIbarIttm orthophosphate Ba,H|(P04)t or 
BaHP04 is obtained as a white, scaly, crystalline 
precipitate when hydrogen disodium phosphate 
is added to a neutral solution of a barium salt. 
It is soluble in 20,570 parts of water at 20®, 
somewhat more soluble in water containing 
barium or sodium chloride or ammoniacal salts. 
From the solution in nitric or hydrochloric acid 
excess of ammonia precipitates the tribarium 
salt or a salt intermediate between the two. 
Thus, according to Wackonrodcr, a solution of 
BaHP04 in nitric acid yields, on addition of 
ammonia, a CTecipitato of barium phosphato- 
nitrate 4BaI^04*Ba(N0s)2t which leaves, on 
heating, a mixture of di- and tri-barium phos- 
phates. 

By precipitating a solution of dibarium phos- 
phate with alcohol, a salt intermediate between 
the mono- and di-salts is obtained : 

BaH4(P04)4-2BaHP04,3H,0. 

If a mixture of potassium silicate and baryta 
water is boiled, and afterwards mixed with a 
solution of potassium silicate containing a quan- 
tity of potassium phosphate, on cooling, cubical 
crystals of the con^sitibn Ba KP04,10H40 
separate out. BaNaPO4,10H4O was similarly 
obtained in regular tetrahedrons (De Sohulten, 
Compt. rend. 96, 706). 

Trlbarium orthophosphate, or neutral phos- 
phate of barium, Ba3(P04)s*H40 is prepare by 
adding hydrogen disodium phosphate to a solu- 
tion of barium chloride rendered strongly alkaline 
by ammonia, and separates as a heavy granular 
powder. It parts with a portion only of its 
water at 200®. 

If a saturated solution of tribarium phos- 
phate in hydrochloric acid is evaporated, on 
cooling, crystals of barium chloride are do- 
positea, more and more monobarium phosphate 
beinf^ left in solution, and if more hydrocnlorio 
acid IS added, all the barium may be ciystaliiscd 
out as barium chloride, and pure phosphorio 
acid remains. 

If the solution of tribarium phosphate in 
hydrochloric acid is boiled, shining neeoles form 
in the liquid, and on adding sufficient water to 
redissolve them, well-defined crystals of a phos^ 
phato-chloride46aH4(P04).*BaClc are deposited 
on standing (Erlenmejrer, *1. 1857, 147). 

According to Ludwig, a solution o^dibarium 


phosphate in hydrochlSric acid also yields, on 
addiUon of ammonia, a phosphato-ohloride con- 
taining 3Ba,HtP40|«*BaCl|*3H|0. 

A salt intermediate bob ween the di- and tri- 
phosphates, containing Bat(P04)t*2BaHP04 or 
Ba,HtP40,4, is formed when a solution of the 
dibarium phosphate in hydrochloric acid is 
mixed with a c^uantity of ammonia just sufficient 
to procipitate it. 

Barium p^ophosphate BagPiOf. P;po- 
phosphoric acid does not precipitate banum 
salts, but with baryta water gives a precipitate 
of barium p^phosphate. Barium salts, how- 
ever, give with sodium pyrophosphate a white 
amorphous precipitate of barium pyrophosphate, 
soluble in aqueous pyrophospborio and sulphur- 
ous acids ; more soluble in hydroohlorio or nitric 
acid, but not perceptibly soluble in water con- 
taining ammonium chloride or in acetic acid. 

Monobarium arsenate BaH4(As04)3 is ob- 
tained by adding baryta water to aqueous arsenic 
acid until a precipitate begins to form, or by dis- 
solving the dibarium salt in aqueous arsenio 
acid and leaving the solution to crystallise. 
Dlbarium arsenate 

2BaHA804,H40 or BaHAs04,H40 
according to Berzelius, is obtained when a solu- 
tion of toe disodium salt is added to excess of 
barium chloride. It gives up its water at a red 
heat, and in contact with water ia decomposed 
into the tribariiim salt, which is precipitated, 
and the monobarium salt, which dissolves. 

Trlbarium arsenate Ba3(A804)| ia obtained as 
a white sparingly soluble powder by precipitating 
aqueous arsenic acid with baryta water, or better, 
by gra<lually dropping trisodium arsenate into 
banum chloride, • 

Barium ortno-thioarseiiate BaatAsSi)! is 
obtained together with BatAsS,), by the action 
of hydrogen sulphide on a solution of BaHAsOi. 
'I'be barium tnioarsenate is precipitated by 
adding alcohol. Arsenic pontasulphide pre- 
pared by the action of a rapid stream of hydrogen 
sulphide on a solution of arsenjp acid and hyoro- 
ohlono acid, reacts with a freshly prepared 
solution of Ba(SH)a according to the equation 
3Ba(SH),-fA8,S5=BasAB,Sg-f,3H,S 
After evaporation transparent yellow needles 
of BaaAs^a.GlfaO separate (Zeitsch. anorg. 
Chem 70, 86). A solution reacts with potassium 
chloride yielding potassium barium ortho- 
thioarsenato BaKAs84,6H4(), which may also 
bo prepared direct by adding KCl to a solution 
of J3a(SH)| saturated with A8,S|. 

Barium silicate. Solutions of baryflh, when 
kept in glass bottles for any length of time, 
deposit transparent rhombic crystals of the 
composition BaSiO., 711,0. These crystals lose 
their water a little above 100®, ana become 
turquoise-blue : tbey^re decomposed by boiling 
water (Le Chatelier, Compt. rend. 92, 931) ; 
Cossa and Lavalle (Zeitsch, f. Chem. 11, 399). 

According to Le Chatelier, they may be readily 
obtained in a few days, by suspending calcined 
silica in baryta water, wben tne sidM become 
covered with crystals. 

‘Barium dMiloato naSi,Q| has been prepared 
synthetically. It orystalli^ in the ortho- 
rnombio system. The colourless six-sided plates 
which form in optical glass rich m barium 
have been idAitifi^ with this compound. 
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BMlnm tItaiMte. When eqaiy&lent quan- 
tities of titanic anhydride and barium carbonate 
are fused at a bright red heat for an hour with 
excess of barium cttloride, and tho^ product 
extracted with very dilute hydrochloric acid» a 
residue of yellow microscopic crystals resembling 
cubes and octahodra of the composition | 

2BaO 3TIO, j 

and of sp.gr. 5*91 remains undissolved. These' 
crystals are found on examination by polarised 
light to consist of aggregations of rhombic! 
lamells. 

Reactions* of the compounds of barium. 

When heated on a thin platinum wire in the 
inner blowpipe flame, or when brought into any 
non-luminous flame, barium compounds impart a 
yellowish-green colour to the outer flame. When 
viewed through the spectroscope tvro green lines 
Baa and Ba^ come out most intensely ; Ba^, 
though not so marked, is also a characteristic 
line. Besides those, there are numerous lines 
in tthe red and vellow and one broad indis- 
tinct line in the blue, close to Fraunhofer’s F. 
Bunsen found that rijin ^ milligram of barium 
salt may be detected spootrosoopically. Silicates 
of barium give this reaction on moistening with 
strong hy&chloric acid. 

The hydrate, sulphide, chloride, bromide, 
iodide, nitrate, and manv organic salts of barium 
arc soluble in water, ancf all are poisonous. Q'he 
majority of the remaining salts are soluble in 
hydrocmoric and nitric acids, whilst the sulphate 
and silicofluoride are insoluble in all acids. 

Alkaline carbonates precipitate white barium 
carbonate, soluble in most acids, hence ammo- 
nium carbonate is used to precipitate it (along 
with the carbonates of strontium and calcium) 
in qualitative analysis. 

Potassium and sodium hydroxides, free from 
carbonates and sulphates, give a voluminous 
precipitate of barium hydroxide Ba(OH)j, with 
concentrated solutions soluble in more water. 
Ammonia gives no precipitate. 

Sulphuric adid, as well as all soluble sul- 
phates, throws down barium sulphate from all 
solutions of barium salts. Pickering (C^em. 
News, 40, 223) states that the smallest quantity 
of barium which can be detected is 1 part in 
833,000 parts of water. The presence of an 
alkaline citrate greatly interferes with the 
precipitation. Strontium sulphate (which is 
more soluble) forms a delicate test for barium. 

Phosphate, arsenate, borate, and iodate of 
sodium also give precipitates soluble in acids. 

Amikonium oxalate gives, from moderately 
dilute solutions, a white pulverulent precipitate 
of barium oxalate. 

Potassium chromate precipitates bright 
lemon-yellow barium chromate, soluble in nitric, 
hydrochloric or chromjp acid, insoluble in 
dilute acetic acid. 

Hydrofluosilicic acid gives a colourless crys- 
talline precipitate of barium silicofluoride ; this 
reaction will detect 1 part of the chloride in 
3800 parts water. The precipitate is nearly in- 
soluble in nitric and hydrochloric acids, more 
insoluble in alcohfl. 

Barium is readily distinguished from lead^ 
(which also forms a Bul]^te insoluble in water) by 
the fact Qiat sulphuretted hydrojmn gives a black 
precipitate of lead sulphide with smuUe lead salts. 


Soluble barium salts are at once distinguished 
from those of strontium and cabium by the fact 
that they are immeiliately precipitated by a 
solution of calcium sulphate, which only gives 
a precipitate \vith strontium salts on standing. 
The hydrofluosilicic acid reaction is also of 
u.se in separating barium from the other 
two metals. Barium chloride is insoluble in 
alcohol, whilst the chlorides of strontium and 
calcium are soluble, and the nitrates of barium 
and strontium are insoluble, in alcohol, whilst 
calcium nitrate is soluble. From these facts a 
scheme of separation is readily derived, the pre- 
cipitated carbonates of barium, strontium, and 
calcium being converted into chlorides, and the 
chlorides of strontium and calcium dissolved out 
by alcohol, leaving a residue of chloride of 
barium. The strontium and calcium may then 
be separated by converting their reprocipitated 
carbonates to nitrates and dissolving out the 
calcium nitrate (v. Analysis). 

Estimation of barium. When no other 
alkaline metal is present, barium ma 3 ' be esti- 
mated as sulphate. A solution of the chlorides 
slightly acidified with hydrochloric acid is best. 
Suiphurio acid is added cautiously to the hot 
solution in slight excess. The prco.ipitato is 
allowed to settle in a warm place for some hours 
before filtering. 

For precautions and effect of salts, see work 
of Karooglanow (Zeitsch. anal. Chem. or Abstrs. 
J. Chem. Soc. for 1917). For details of volu- 
metric estimation of barium bv separation as 
chromate and titration of liberated iodine, on 
addition of KI to HCl solution, see Analyst, 
43. 287. 

Ill its organic salts barium may be estimated 
as carbonate by heating in a platinum crucible 
and subsequent moistening of the residue with 
a concentrated solution of ammonium car- 
bonate, evaporation, gentle ignition, and weigh- 
ing. • 

Where strontium and calcium are present, 
after the separation of the other elements, the 
alkaline earths are precipitated by ammonia and 
ammonium carbonate. This precipitate is then 
dissolved in acetic acid, and the barium twice 
reoipitated ae chromate, in which form it may 
e MTighed or dissolved in hydrochloric acid, 
then precipitated, and weighed as sulphate. 

6. S. B. 

BARK BREAD. A kind of bread which was 
formerly made by the peasants in various parts 
of Norway from the inner bark of PintLS sylvestria 
(Linn.). 

BARKLYITE v. Corttndum. 

BARLEY. Two species are in common 
cultivation — Hordeum disiichum, two-rowed, 
ani H, vt^are, siz-rowed. Many varieties are 
known, differing in -size and shape of ear and 
grain. The two-rowed varieties are chiofly 
grown as spring-sown crops, while the six-rowed 
varieties are often 60 ^vn in the autumn. 

The grain resembles in comx>osition that of 
other cereals, but contains less gluten than 
wheat; moreover, the gluten of barley is not 
so tenacious as that of wheat: consequently, 
barley meal does not yield a satisfactory bread. 

Barley is chiefly grown for cattle-feMing and 
for malt production. For the*i<»tter purpose, a 
grain containing but little nitrogenous matter is 
preferrea, so that too lavish nitrogenous manur- 
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ing must be avoided in the production of malting 
bwley. 

The foUo^ff are analyses of typical average 
barley as given oy 1, Warington ; 2-5, Kellner ! 
(German) ; 6, Wiley (of American barley). j 

The table represents the composition of I 
barley expressed in the usual manner. The! 
item * nitrogenous substances ’ is simply the i 
total nitrogen X 6*25. Of the total nitrogen, a ' 
small portion — probably about present in 

non-albuminoid form. 



1 

Eng- 

liHh 

2 

Med- 

ium 

8 

Large 

gr’nd 

4 

Flat 

gf’jd 

5 

Feed- 

ing 

6 

Amer- 

ican 

Water . . 

14*3 

14*3 

14*3 

14*3 

14*3 

10*86 

Nitrogenous 

substances 

10*6 ' 

0*4 

8*7 

10*2 

12*0 

11*00 

Fat . . . 

2*1 

2*1 

1*8 

2*6 

2*4 

2*25 

Soluble carbo- 
hydrates . 

66*0 

67*8 

70*2 

63*7 

63 7 

60'55 

Fibre . . *. 

4*5 

SO 

2*7 

6*6 

5*0 

3*8:> 

Ash . . . 

2*5 

2*5 

2*3 

2*8 

2*6 

2*60 


According to Osborne (18th Ann. Rep. Oonn. | 
Expt. St.), the proteids in barley are : (1) Soluble : 
leucosine 0-30 p.c., hordein 4*0 p.c., edestine 
and proteose 1*96 p.c. ; (2) insoluble proteids 
4*60 p.o. The soluble proteids just mentioned 
contain an average of 17*0 p.c. of nitrogen, so 


that the factor to convert nitrogen into proteids 
in barley should be much less than 6*25, probably 
about 5 •!'. Oonsequently, the amount of proteids 
in barley should be about j p.c. less and that of 
carboh^^ates (since they are determined by 
difference) 1 p.o. more than the values given in 
the tables. 

Under the heading ‘ soluble carbohydrates * 
are included : pentosans 6*5 p.c. (Bull. 13, U.S. 
Dept, of Agric. 1898); cane sugar 0*8-1 *6 p.c. 
(O’Sullivan, J. Chom. Soc. 1886, 49, 68) ; 1*3 p.o. 
(Banister, Chem. News, 1886, 208); 0*2 p.c. 
(Bull. 13, l.c .) ; small quantities of reducing sugars 
(O’Sullivan) ; dextrine and raOinose (O’Sullivan). 
The remainder is chiefly made up of starch and 
cellulose, though gum 2*8 p.c. (Muntz, Compt. 
rend. 102,681) and amylan 2-4 p.c. (O’Sullivan, 
J. ChQm. Soo. 41, 24) have also been found. 

Barley contains diastase even before germina- 
tion (when its amount is enormously increased). 
Brown and Morris (J. Chem. Soo. 1890, 605) 
recognise two kinds of diastase — of secretion, as 
formed in germination, which rapidly corrodes 
starch granules, and of displacement— present 
in the ungerminated grain - wiiich slowly 
dimimshes the volume of starch granules with 
out visibly corroding them. 

The ash of barley, neglecting the CO,, has 
the average composition : 


— 

K2O 

NaaO 

CaO 

MgO 

Fe .^03 

P 

P2O; 

SO, 

Cl 

S102 

* Mean, 28 American samples 

24*15 

6*42 

2*44 

8*23 

0*33 

36*47 

0 22 

0*66 

22*30 

^ „ 19 Canadian „ 

26*76 

9*36 

4*27 

7*87 

0*35 

21*63 ! 

0*71 

0*47 

20*69 

„ Wolff’s analyses 

20*15 

2*36 

2*60 

8 62 

0*97 

34*68 

1*69 

0*93 

27*64 

• 


For a full yield of barley the soil must be w*cll 
supplied with plant food, including combined 
nitropn, Imt such a crop, though excellent from 
the farmer’s point of view and valuable for 
feeding purposes, is rarely suited to the maltster’s 
requirement. Good malting barley should bo as 
rich as possible in starch and low in albuminoids. 
Between 8 and 9 p.o, of nitrogenous matter is 
usually regarded as the most aesirable propor- 
tion in malting barley. If grown in hot, dry 
countries, e.g. Southern Russia, it is usuaDy 
richer in nitrogen. The best malting barleys 
are grown on light soils not too rich in nitrogen, 
and in temperate climates (v. Brewing). 

Owing to the injurious effect of too lavish a 
supply of nitrogen upon the malting properties 
of barley, it is by many considered best to take 
the barley crop after wheat, rather than after 
roots, though the latter procedure is often 
adopted in Ireland. 

Pearl barley is barley deprived of itshusk. Ame- 
rican analyses give as its average composition : 
Water, 10*8 p.c. ; protein, 9*3 p.o. ; fat, 1*0 
p.o. ; carbohydrates, 77*6 p.o. ; ash, 1*3 p.c. 

Adbording to Wolff’s analyses, the ash of the 
barley kernel amounts to 2*13 p.o., and 100 parts 
of the ash contain : 

KoO NaoO CaO HgO Fe20s Pspi SO 3 SiOt 
28*6 1*8 8*1 12*0 1*9 47-1 29 3-6 

Barley atraw is much more affected in com-^ 
' Of which ifFS p.e. ate albuminoids. 

* Comeosite sanies from the World’s Columblau 
Bxposmon (Wiley. BuU. is; U.S. Dept, of 


position than the grain by the richness or poverty 
of the soil, and by the conditions under which it 
is grovrn. If the* ripening of the grain has been 
fuUy completed, the straw.is robbed of its nitro- 
genops matter and phosphates to a much greater 
extent than when the seed hen not been fully 
matured. Thus the straw of a crop cut before it 
is fully ripe possesses much higher feeding value 
than usual. 

According to Kellner, the following repre- 
sents the average composition of barley straw ; — 

Soluble 
Ether carbohy- 

Water Protein extract drates Fibre Ash 
Summer barley 14*3 3-6 1*4 36-9 39*6 5*4 

Winter barley 14 *3 3*2 1*4 33*6 42*0 5*0 

The ash of barley straw (Wolff) contiyns : 


K 2 O Ea 20 CaO MgO Fe 208 P 2 OB SO 3 SiOg Cl 
23*3 3*5 7*2 2*6 1*1 4-2 3*9 51*0 3*2 


Barley straw consists largely of cellulose, and 
pentosans and ligpose. The amount of pento- 
sans has been estimated at about 26 p.o. The 
’ crude protein ’ givAi in the above table is 
probably nearly all true albuminoids, since direct 
experiments showed about 91 p.o. of the total 
nitrogen to be present as albuminoids. The 
lowest portions of the stems are least nutritious, 
while the uppermost leaves and top of the stem 
are the most digestibl# and ||chest in protein. 

When barley precedes clover, as is often the 
ease in England, the ba^y straw is enriched by 
including a portion 01 young clovAr plants. 
Under such circumstances, the product is uf 
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much higher feeding ralne, and contains more 

S rotein (up to 6 or 7 p.c.)» end soluble carbo- 
ydrates (38 or 39 p.c.), and less crude fibre. 

BARBBSWIL'S or FEHUN6*5 SOLUTION. 

It has long been known that a mixture of 
verdigris, honey, and vinegar, when boiled 
together to form an ointment, changes in 
colour from green to red. 

Vogel (Schweigger’s Joum. 13, 162) proved 
that the precipitate formed consisted of cuprous 
oxide, and later Buchner attempted to explain 
the part played by the sugar in the change. 
Trommer first used alkaline copper sulphate 
solution as a qualitative reagent for sugars, and 
succeeded in detecting one part of grape sugar 
in a million parts of water, and also in differ- 
entiating between different kinds of , sugars 
(Annalen, 1841, 39, 360). 

Alkaline copper solution was first applied 
to volumetric analysis by Barreswil (J. Pharm. 
Ghim. 1844, [3] 6, 301), who added potassium 
tq,rtrate to the solution, and the method of 
titration was worked out by H. Fehling 
(Annalen, 1849, 72, 106 ; 1868, 106, 76). 

Various formula have been suggested for 
the preparation of Barreswil 's solution by 
Bfidekerr, Soxhlet, Meissl, Herzfeld, Allihn, 
Kjeldahl, Ac. (Bruhns, Zeitsch. anal. Chem. 
18M, 38, 78). Indeed, more than fifty cupro- 
potamio solutions are known. They may be 
divided into four groups, in which potassium 
hydrogen tartrate, (2) potassium sodium tartrate, 
(3) potassium tartrate, and (4) tartaric acid are 
employed. That recommended by Soxhlet is 
usually preferred, partly on account of its small 
alkali content. 

34*64 grams of pure crystallised copper 
sulphate, powdered and dried by pressure 
between filter paper, is dissolved in distilled 
water and diluted to 600 e.c. ; and 70 grams 
sodium hydroxide (of not less than 97 p.o.) and 
180 grams of potassium sodium tartrate (Ro- 
chelle salt) are dissolved in 400 c.o. of distilled 
water and dilulud to 600 c.c. Equal volumes of 
the two solutions are mixed to form the test, 
which should be kept in a carefully closed bottle 
to prevent absorption of carbon dioxide, and 
should not be unduly exposed to light. As the 
solution is liable to decomposition, a smaU 
portion should always be heatm to boiling before 
commencing the test, and the liquid should not 
be used if any precipitation occurs. It is, how- 
ever, preferable to keep the two solutions 
separate until shortly before use (Zeitsch. anal. 
Chem»1890, 29, 616). 

The Rochelle salt used is best prepared by 
dissolving commercial cream of tartar in hot 
water, rendering the liquid slightly alkaline after 
boiling by addition of sodium carbonate, filter- 
ing on the precipitated calcium carbonate, and 
orystallis^ the RochelleSalt from the filtrate. 

Addition of small quantities of mineral acids 
to Barzeswii’s solution by lessening its alkalinity 
effects its reduction, even when it is still alkaline 
to litmus. Often the action commences before 
the liquid is warmed, reduction being completed 
by gentle heating Thh reduction is attributed 
to the decomposing action of the mineral acid 
upon the tartaric aokyjovitschitsoL ]^r. 1897,* 
!S431). Evidence of the negative character of | 
the blue ion in Barreswirs solhtion was first ' 


adduced by Kahlenbeig (ZMtsoh. phyaikal 
Chem. 1896, 17, 686), and later by Kuster 
(Zeitsch. Elektrochem. 1897, 106) and Masson 
(Phil. Trans. 1899, 192, 331). 

Masson employed a solution as free as possible 
from alkali, and electrolysed it in conjunction 
with a solution of copper sulphate, the blue ions 
in the two solutions travelling in opposite 
directions along a tube containing a jelly solu- 
tion of potassium chloride. The presence of an 
invisible ion, probably tartaric ion, accompany- 
ing the negative blue ions, was demonstrated by 
the formation of a precipitate at the boundary 
of the positive blue tons, when the negative ions 
were still some way off. 

The constituent salt of the neutral Barreswirs 
solution was isolated and analysed by Masson 
and Steele (Chem. Soc. Trans. 1899, 76, 725), who 
represented its formation from cupric tartrate 
thus : 

6Na0H+4CuC4H40, 

= NsiCi H 4“ Na jC| |H yCugOn |0 

They also obtained evidence that the excess of 
alkali in Barreswil’s solution, as usually made, is 
combined with the blue salt. 

F. Bulluheimer and £. Seitz (Ber. 1899, 
2347 ; 1960, 817) showed that three classes of 
cupric tartrates exist ; monotartrates, con- 
taining carboxylic and hvdroxylic hydrogen, 
all rejuaced by metal ; double salts consisting of 
monotartrate, probably united through copper 
to a molecule of basic alkali tartrates; and a 
third class consisting of monotartrate combined 
with basic cupric tartrate. 

The salts in Barreswirs solution, from their 
general reactions, appear to belong to the second 
class, and compounds having the formula 
CgH^OigCuNagKi and CiHgOitCuNagK have 
been isolated. 

The neutral cuprotartrate of Masson (2.c.) 
requires the addition of alkali in order to form 
the usual Barreswil’s solution with its character- 
istic colour. 

Barreswil’s solution is not reduced by cane 
sugar, dextrin, or cellulose, but is reduced by 
dextrose, lavulose, maltose, lactose, mannose, 
galactose, arabinose, gallisin, aldehyde, chloral, 
chloroform, valeraldehyde, resorcinol, pyro- 
gallol, gallotannic and trichloracetic acids, and by 
arsenious acid. 

The action of these substances on the solution 
is doubtful. Among the products are formic, 
acetic, tartronio, and some acids of doubtful 
composition and a gum-like substance. Its use 
is almost restricted to the detection and estima- 
tion of reducing sugars. For the detection of 
sugars, the clear, acid-free liquid is heated with 
two volumes of Barreswirs solution. If one of 
the above reducing compounds be present, a 
yellow precipitate of cuprous oxide, which 
rapidly becomes converted into the orange-red 
or bright red oxide, is produced. The com- 
position of the oxide whatever its colour may be 
is identical, the varying colour being due to 
differences of subdivision, depending upon the 
conditions during precipitation. Microscopical 
examination shows that as the different comurs 
are developed thbre is a gradual increase in the 
size of the particles (Fischdi: and Hooker, 
J. Lab. and Gun. Med. 1918, 3, 6). 

If tfie liquid to be tested is mudi coloured. 
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it must be first olerified, as described under 
Saoghibdotbt. When the olerifioation has 
been performed with lead, an amount of the 
solution containing a known weight (2 to 6 
grams) of glucose or other body, estimated, is 
placed in a 100 c.o. flask and is treated with 
sulphurous acid gas, or with a strong solution 
of that eas, until the whole of the lead is pre 
cipitatea, and, after the addition of a little 
freshly precipitated, washed alumina, is diluted 
to 100 c.c., agitated and filtered. 

Cane sugar, when estimated, is first clarified, 
if necessai^, and then ‘ inverted * — *.c. converted 
into a mixture of dextrose and Isevulose. For 
this purpose, a solution containing not more 
than 1 gram of sugar to 4 c.o. of solution is 
mixed with one-tenth its bulk of fuming hydro- 
chloric acid, and is heated to 70° for 10 to 16 
minutes, and finally neutralised by addition of 
sodium carbonate. 

Starch and starchy bodies may also be con- 
verted into invert sugar, and estimated by 
Barreswil’s solution. Two or three strong flasks, 
each containing from one-half to one gram of the 
substance and 60 or 60 c.o. of decinormal sul- 
phuric acid solution, are closed with caoutchouc 
corks carefully tied down, and are heated in a 
water-bath. After 4 hours, one fiask is taken 
out and contents neutralised and titrated with 
Barreswil’s solution as hereafter described, and 
after a further interval of 2 hours the second is 
similarly examined. If the amount of sugar 
found in the second flask does not exceed that 
in the first, the result may be taken as correct ; 
but if the quantities differ marked Iv, the third 
flask is heated a further period of from 2 to 
4 hours, and then titrated. Each 100 parts of 
invert sugar found represents 90 parts of starch. 

In titrating solutions of these substances, 
10 c.c. of Barreswirs solution is measured into 
a wide test-tube and diluted to 40 o.c., and 
heated to boiling. The neutralised sugar solution, 
which should contain not more than one gram 
per 100 c.c., is then run in from a burette in 
portions of 2 c.c., the mixture being boiled after 
each addition until the blue colour has nearly 
disappeared. The sugar is then added cautiously 
until the liquid is colourless or slightly yellow. 
A few drops of the filtered solution are tested 
for copper by sulphuretted hydrogen or by a 
mixture of potassium ferrocyanide and acetic 
acid. 

The solution may be standardised for invert 
sugar as follows : 4*76 grams of sucrose are dis- 
solved in 76 O.C. water, and 6 c.o. of hydrochloric 
acid (sp.gr. 1 *188) added. The solution is warmed 
tp 70° for about 7 minutes, making a total of 
10 minutes’ heating. After inversion, the acid is 
neutralised with sodium hydroxide, and the 
liquid diluted to 1 litre. 10 c.o. of this solution 
contains 0*060 gram of invert sugar, and 
should reduce 10 c.o. of the copper solution 
(see also Bomtrager, Zeitsch. angew. Chem. 
1893, 600). / 

Experience shows that the time occupied in 
the analysis, the amount of excess of copper 
present in the solution, the concentration of the 
liquid, and other details, affect the result. 
Soxhlet (Pharm. J. [3] 1880-1, 11, 721) recom- 
mends adhereilbfi to the following process. 
Having approximately found the strength of 
the solution by running the sugar Vilution 


into 60 C.O. of Baneswll’s solution as above 
until the blue colour disappears, dilute it until 
containiim about 1 gram per 100 c.c., and heat 
50 0 . 0 . Mneswil’s solution with as much of 
the dUuted solution as should precipitate all the 
copper. When the sugar estimate is invert 
sugar, grape sugar, or laevulose, the heating 
should occupy 2 minutes, while for maltose and 
lactose 4 and 6 minutes respectively should be 
allowed. The whole fluid is then filtered and 
tested for copper. A third titration is next 
performed with a larger amount of the fiuid, with 
1 o.c. less of sugar (according to the presence or 
absence of copper), and the titrations are re- 
peated with varying amounts of sugar solution, 
each time adding the whole of that solution at 
once, until 1 o.o. more or less would give a filtrate 
free from or containing a trace of copper, after 
which thb variation m the amount of sugar 
solution is decreased. In this way, the volume 
of sugar solution required may be determined to 
0*1 0 . 0 . Under these conditions, 100 o.o. of the 
mixed copper reagent require 0*476 gram anhy- 
drous dextrose or 0*404 gram of invert sugar for 
complete reduction. The following may be 
taken as the weight of sugar capable of reducing 
10 c.o. of Barreswil’s solution : — 

gram 

Pextrose, Isavnlose, or invert sugar 0*0600 
Cane sugar (inverted) . . . 0*0476 

Milk sugar (lactose) • • , 0*0678 

Malt sugar (maltose) . . . 0*0807 

Soxhlet (f.e.), operating by his method as 
described above, has obtained the following 
results. (His method of ’ inverting ’ cane sugar 
has been somewhat objected to) — 


Weight of Sttgae reducing 10 c.o.«ov 
Barbeswil’s Solution. 






Diluted with 



heating 
(mins ) 

Un- 

diluted 

One 
vol. qf 
water 

Two Three 
vols. of vols. of 
water water 

Pour 

vols.of 

water 

Dextrose 

2 

00476 

0*04826 

0 0488 0*0492 

0*0404 

Invert 

sugar 

2 

0 0494 

0*05080 

0*0600 0 0614 

00616 

Tjflpvulose 

2 

0*0613 

0*06286 

0 0530 1 0 0686 

0*0626 

Lactose 

e 

0 0076 

Unaffected by dilution 

0 0676 

Lacto- 

glucose 

Maltose 

2 

8 to 4 

0 0511 
0 0778 

If 

SI 

91 

0*0688 

0*0740 


The titration of raw sugars and other 
coloured commercial products is very unsatis- 
factory when potassium ferrocyanide is used as 
an indicator, mainly because the aminS com- 
pounds present cause the solution of much cuprous 
oxide, which then gives a precipitate with 
potassium ferrocyanide. On this account, indi- 
cators have been proposed which will show the 
presence of a trace gof cupric salt without 
previous filtration, the best of these being 
ferrous thiocyanate (A. R. Ling, T. Rendle, ana 
G. C. Jones, Analyst, 1906, 30, 182 ; 1908, 33, 
160-170), which gives the characteristic red 
colour of ferric tmocyanate when treated with 
cupric salt solution, ^e reagent is prepared 
by dissolving 1 gram of fdtous ammonium 
^sulphate ana 1*6 grams of ammonium thio- 
cyanate in 10 c.o. of warn* water, addiim 2*6 o.o. 
of cone, hydrochloric acid, and compRtely re- 
moving all trace of ferric salt by addition of cino- 
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dust The titration of the sugar solution is 
carried out muoh os usual^ except that it must 
be done as quickly as possible to avoid oxidation 
(ling. J. Inst. Brewing, 1906, 12, No. 1). 

A modification of Barreswirs process, devised 

Pavy, is based on the fact that precipitation 
of the cuprous oxide is prevented by the presence 
of excess of ammonia, the solution losing its 
intense blue colour and becoming absolutely 
colourless after the whole of the copper has been 
reduced. 

The solution used is prepared by mixing 
120 0.0. of Barreswil’s solution with 300 c.c. of 
ammonia (0*880 sp.gr.) and 400 c.c. of 12 p.c. 
caustic soda solution, and diluting to 1 litre. 
100 c.c. of this solution corresponds with 10 c.c. 
of Barreswirs solution. The larger quantity of 
Barroswil’s solution (120 o.c. instead of 100 c.c.) 
used to prepare this tost is required on account 
of the lower oxidising power of Pavy’s solution, 
the action of which on invert sugar is only five- 
sixths of that of Barreswil’s solution. Its action 
•n maltose and lactose also differs from that 
of Barreswirs solution. 

To prevent rcoxidation of the decolourised 
solution, with reproduction of the blue colour, 
the operation should bo performed without access 
of air, by connecting the burette supplying the 
sugar solution with a tube passing through a 
cork into the flask containing the Barroswil’s 
solution, the steam from which escapes through 
another tube dipping beneath the surface of 
mercury. A slow current of coal gas may be 
paased through the flask during the operation. 

The sugar solution is run into the flask, in 
which 100 c.c. of the copper solution has been 
heated to ebullition, and the boiling is con- 
tinued until the colour has disappeared. Hehncr 
(Analyst, 1881, 6, 218) has shown that alkaline 
tartrates, carbonates, and other salts affect the 
results. 

The method is most used in clinical chemistry, 
particularly for urine analysis. It is also of 
great value in studying the saccharine products 
of enzyme acftion, especially as it gives with 
glucose a very much larger ’ copper ’ value than 
with maltose (Croft Hill, Chem. Soo. Trans. 
1898, 73, 634). 

The most accurate method of using ; 
Barreswirs solution, especially when the sugar ; 
solution is unclarifled, consists in separating and 
estimating the precipitated cuprous oxide One 
of the many processes recommended is that of 
Pavy. The Barreswil’s solution is boiled, in 
slight Excess, with the sugar solution, the 
strength of which should be about 1 p.c., and the 
precipitated suboxido is rapidly separated by 
filtering the liquid through a funnel loosely 
packed at the neck with glass wool or asbestos. 
The precipitate, after washing, is dissolved in hot 
dilute nitric acid, or 2 ^c. cone, nitric acid, or a 
mixture of dilute sulphuric and nitric acids, and 
the copper estimated oy electro-deposition. The 
weight of copper obtained is multiplied by 0*5395 
to obtain its equivalent in inverted cane sugar, 
or by other factors, which may be calculated 
from the tables given above, to obtain the 
equivalent of tfhy of£er sugar which may be 
estimated. ^ 

Br||nner reoommitids solution of the cuprous 
oxide, filtered as above, in ablution of pure 
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phnric acid, and the estimation of the ferrous 
salt so produced, by titration with a standard 
solution of i>ota88ium permanganate or di- 
chromate. 

The cuprous oxide can also be weighed 
directly after washing with alcohol and ether. 
It may also be estimated os metallic copper after 
reduction by hydrogen or as cupric oxide after 
ignition in porcelain. 

For the influence of light on Barreswil's 
solution, see Leighton (J. Phys. Chem. 1913, 17, 
20.5). 

BARUS CAMPHOR v. Camphobs. 

BARUTIN. Trade name for the double salt 
of theobromine barium and sodium salicylate; 
A white amorphous powder of sweetish taste and 
alkaline reaction, sparingly soluble in water. 
Used in the treatment of renal disease. V. 
Synthetic bbuos. 

BARWOOD. Barwood is the wood of a 
large, fine tree, Baphia nitida (Lodd.), and is 
imported from the west coast of Africa, e.g. 
Sierra Leone, Angola, &c. In the log its physical 
properties are generally similar to those of 
sanderswood ; in the rasped condition it has a 
somewhat brighter red colour and is devoid of 
aromatic odour. According to Girardin and 
Preisser, boiling water extracts about 7 p.c. of 
colouring matter, alcohol about 23 p.c., and 
hydrated ether about 10 p.c. 

Anderson (Chem. Soc. Trans. 1876, ii. 582) 
extracted ground barwood with anhydrous 
methylated ether free from alcohol. By 
spontaneous evaporation of the concentrated 
ethereal solution a small quantity of baphic acid 
is deposited in the form of tabular crystals. 
After further evaporation, mixing the concen- 
trated extract with alcohol, and allowing to 
stand for some days, there is deposited a crystal- 
line magma of baphiin contaminated with a solid 
red colouring matter and some dark viscous 
colouring matter not yet examined. 

After exhaustion with ether the wood is 
extracted with alcohol, and after concentrating 
the solution it is left at rest for some time, 
when it congeals to a semi-crystalline mass 
which contains a viscous red colouring matter 
and a crystalline constituent not examined. 

Baphiin^ Cs«H,oOg (m.p. about 200®), 
cr^taUises from alcohol in the form of lustrous 
tabular crystals having an odour of orris root ; 
from ether it crystallises in tufts of needles. 
It is insoluble in water, and very sparingly 
soluble in benzene or in carbon disulphide. In 
alcoholic solution it rapidly oxidises on exposure 
to air, producing orange-red or pale purple 
colours, 

Baphic acid CfgHggOg or 10 is pre- 

pared by boiling baphiin with dilute caustic 
potash, and adding hydrochloric acid, when 
it is thrown down as a yellowish-white pre- 
cipitate. Crystallised from ether it forms 
white nacreous scales, very soluble in ether, 
slightly less so in alcohol, and insoluble in 
water (c/. Santal). 

Baphinitin C04H14O0 is thrown down as a 
crystalline precipitate on the addition of water 
to the filtrate from the precipitate of lead 
baphate which is formed on mixing alooholio 
solutions of baphim and leacflA'setate. It is also 
the cMef product of the aoHon of boiling dilute 
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white needles, soluble in aloohol or in ether, but 
insoluble in water ; it has the same odour as 
baphiin but stronger {cf. Pterooaipin). 

Baphinitone . — On boiling baphiin 

with a strong aqueous solution of caustic potash 
without access of air, an insoluble residue is left 
which contains three substances : (1) baphinitin, 
moderately soluble in alcohol or other; (2) 
baphinitone, very readily soluble in theee 
liquids ; (3) a small quantity of an unexamined 
substance, m.p. 164*1°, very sparingly soluble 
even in hot alcohol, and separating therefrom 
in granular crystals. Baphinitone is extracted 
from the above-mentioned residue insoluble in 
caustic potash, by treating it with cold alcohol, 
in which it readily dissolves along with a very 
small amount of baphinitin. Th^o solution is 
evaporated, and the treatment with alcohol is 
repeated until the crystals thus obtained, after 
drying over sulphuric acid, have a m.p. of about 
88°. Baphinitone crystallises from alcohol in 
hemispherical masses composed of white lustrous 
radiating crystals insoluble in water {cf. Homo- 
pterocarpin). 

TribromO‘haphinitone C|^H23BrsOf is ob- 
tained by mixing ethereal solutions of baphini- 
tone and bromine ;«on evaporating off the ether 
it remains as a white substance, which may be 
purified by washing with alcohol or ether, in 
which it is almost insoluble. It separates from a 
hot ethereal solution in small granules, which 
melt with blackening at 180*2°. 

Baphiin, baphinitone, and substance (3) 
above referred to, are all coloured orange- 
yellow by sulphuric acid ; with nitric acid an 
orange-red oolour is obtained, which changes 
gradually to green. 

In addition to the above-mentioned sub- 
stances, barwood contains, according to 
Anderson, at least three colouring matters. 
Ether extracts from the wood two of these ; 
one (a) which is less soluble, and which tena- 
ciously adheres to the baphiin, and another {b) 
which is crystalline and is easily removed from 
it. When the extraction with ether is com- 
pleted, al *ohol will dissolve out a third colouring 
matter (c). All are insoluble in benzene, and 
give purple lakes with lead acetate, and purple 
solutions with alkalis. 

O’Neill and Perkin {l.c.) worked up barwood 
by the same methods they had previously applied 
to sanderswood, and isolated a colouring matter, 
corresponding with the santalin of this latter. 
This, which consisted of a chocolate-red powder, 
possessed the formula C33Hi305(0CH3)3, and 
on heating commenced to soften at 240°, 
apparently decomposing, and at 270° had the 
appearance of a honeycombed carbonaceous 
mass. Its colour reactions are the same as 
those given by santalin, and it thus appears 
probable that the two compounds are identical. 

When the cnide colouring matter of barwood, 
disciOlved in alcohol, is poured into ether the 
main bulk of the santalin is precipitated. The 
ethereal liquid now contains, in addition to a 
colouring matter resembling deoxysarUalin, two 
ciystallme substances identical with those 
previously stated by Wiedel (f.c.) as present 
in sanderswood. To isolate santal the ether 
solution is treaifetf with hydrobromic acid to 
remove -colouring matter, the colourless crystal- 
line residue remaining after evaporafton is 


washed with benzene, and rporystalllsed first 
from dilute and sub^uently from absolute 
ideohoL 

The analytical figures |;iv«n by this compound 
agree with those obtained by Weidel, but 
methoxy determinations iihow that its formula 
is to bo represented as C,5H9O,(O0H|), and not 
CgHcOi, as proposed by this author. 

Santal, which seems to be very similar to 
Anderson's baphic acid, melts at 222°-223°, 
is readUy soluble in dilute alkali hydroxides, and 
sparingly so in absolute alcohol from which it 
crystallises in thin plates or flat needles. With 
alcoholic lead acetate it gives a colourless pre- 
cipitate, and with alcoholic ferric chloride a 
violet-black colouration, although this, according 
to Weidel, is dark red. By the action of 
hydriodic acid santal is converted into mntol, 
probably C.^HioOe, which consists of small 
colourless flat needles, m.p. 270°-273°. Its 
solution in dilute alkali hydroxide, at first 
colourless, rapidly develops a reddish-violet 
tint, and the liquid on acidification deposits 
yellow crystals. If the acid mixture is boiled 
these become colourless, apparently with re- 
generation of santol, for when collected and 
washed the product can again be made to 
produce the same changes. Santol thus appears 
to contain a lactone group. The hydrobromic 
acid liquid obtained during the isolation of the 
santal, was diluted with water, the precipitated 
colouring matter dissolved in a little ethyl 
acetate, the solution being allowed to evaporate 
spontaneously. •Minute crystals were slowly 
deposited, and these were collected and digested 
with absolute alcohol to remove santal. This 
compound, evidently Weidel’s substance 
Ci 4 Hi* 04, and termed by O’Neill and Ter- 
km sankilone, is sparingly soluble in most 
organic solvents, and crystallises from alcohol 
in small red leaflets. It is soluble in dilute 
alkalis with a red colour, whereas alcoholic 
ferric chloride colours it a violet tint. As 
obtained by these latter authors its complete 
purity was doubtful, but the purfst preparation 
obtained darkened about 280° and melted at 
300°. Its true formula is probably either 
CmHi 304(0 CHs), or C„Hi4O4(O0Ha)3, and in 
case ibis is correct this compound has the com- 
position of a deoxymntalin monomethyl ether with 
which its general properties are in harmony. 

Ryan and Fitzgerald (Proc. Roy. Irish 
Acad. 1913, 5, 106), employing the following 
method, have isolated homopterocarpin from 
barwood. The ground material was percolated 
for a few d^ys with warm alcohol, then°with 
ether, and finally with chloroform. The residue 
obtained by evaporating these extracts was 
exhausted with ether, the ethereal solution 
washed with dilute alkali and then distilled. 
The product, when recgrstallised from alcohol, 
formed colourless acicular crystals, m.p. 84°, 
and was identical with the baphinitone of 
Anderson and the homopterocarpin existing in 
sanderswood. 

A fuller account of this compound, which 
possesses the formula JIxsOi* given in the 
article describing the latter Hyewood. It is 
aery probable, again, that the baphinitin 
described by Anderson as visting in bamood is 
pterocarpin. « A. of. P. 

BARYTA OREBN v, Babxum. 



6M 


BARTTES. 


BARYTBS. Barite, or heavy-apar (from 
fiapifif, heavy) ; a common mineral oonriating of 
RMurium eolphate (BaS 04 ), and cryatalliring in 
the orthorhombio(> system. The name barytes 
is, however, sometimes loosely, but incorrectly, 
applied to include both this species and the 
mineral withezite (BaCOt, or these are 
occasionally referred to as ‘ sulphate of barytes * 
and ‘ carbonate of barytes * respectively. The 
reason for this confusion is that the two minerals 
are often mined together, although they are not 
always put to the same uses. 

Barytes is frequently to be found as well* 
developed crystals, which vary considerably in 
their appearance and habit. They possess a 
perfect cleavage parallel to the base, and per- 
pendicular to this are two prismatic cleavages 
parallel to the faces of the primitive rhombic 
prism, and inclined to one another at an angle 
of 78^ 22} ^ With these three directions of 
perfect cleavage, massive barytes sometimes 
presents a certoin resemblance to calcite, and 
*it8 hardness is also about the same (H.==3). 
The angles between the cleavages are, however, 
different ; and, further, barytes may bo readily 
distinguished from calcite by its heaviness 
(sp.gr. 4*.)), and from both calcite and witherite 
by not effervescing with acid. The massive 
material is often white and opaque ; but ciystals 
are sometimes transparent and colourless, or with 
brownish, greenish, or bluish shades of colour. 

Barytes is usually met with in veins, often 
in association with ores of lead. Some of the 
old lead-mines of the north of England, Derby- 
shire and Shropshire are now being reworked 
for barytes. A remarkable vein of barytes, 
consisting of pure white massive material with a 
thickness varying from a few inches to 1 6 feet, is 
extensively worked in the coal-measures at New 
Branoepetn Colliery, near Durham (L. J. 
Spencer, Mineralog. • Mag. 1910, xv, 302). 
Beautiful crystallised specimens are abundant 
in the h»matite-mines of west Cumberland, but, 
owing to the brown or yellow colour of this 
material, it & of no commercial value. A pure 
white granular barytes resembling marble in 
appearance is mined at Dunmanus Bay, in Co. 
Cork. Important draosits of the mineral are 
worked in the United States, Crcrmany, Rhodesia, 
&o. Barytes occurs abundantly as a cementing 
material in Triassic sandstones in the Midlands 
of England (F. Clowes, 1889, 1890) ; and it has 
been reoentlv suggested that this could be easily 
won by washing. 

Barytes is mainly used in the manufacture 
of paints, not only of white paint, but as -an 
inert body in coloured paints. Lithophone 
paint consists largely of barium sulphate with 
zinc oxide and sulphide. It is often suggested 
that barytes is used for adulterating various 
articles. Barium sulphide and carbonate are 
also prepared from barytes by roasting it with 
coal, and from the product, barium chloride, 
barium hydroxide, Ac., are prepared. In 
preparing the crude barytes for the market, it is 
coarsely crushed and hand-picked ; or when mixed 
with rook and dirt, t^|m are separated by agita- 
tion (jigging) ih* water. Colour impurities are 
sometimes extracted by steam-boiling wi|^-h 
sulphuric add. Tko purified material, is kiln- 
dried and reduced to very fiae^hite powder in a 
ball-mill provided with screens, or between mill- 


stones. The barytes flour so prepared aifi 
consists of minute crystalline (cleavage) partiolei 
and it is this that gives the * tooth ’ or adhesivt 
properties to the coarser barytes paints. Th 
finer qualities (* blanc fixe *) are prepared iron 
precipitated barium sulphate ; and this is alsi 
used for dressing cloth and leather, and fo 
producing the smooth coating on * art ' papers 

References . — For details of British occur 
Fences, see Special Reports on the Minera 
Resources of Great Britain, voL ii. Barytes anc 
Witherite, Mem. Geol. Survey, 2nd ed. 1916 
For the United States, and a general accoum 
with bibliography, see Mineral Resources of thi 
United States, for 1916, U.S. Geol. Survey 
1916 ; H. Ries, Economic Geology, New York 
1916. L. J. S. 

BARYTIC WHITE or PERMANENT WHITI 
or BLANC 41XE v. Barium; also PtOMENTS. 

BARYTO-CELESTITE v. Barium. 

BARYTOCALCITE, Barium and calciun 
carbonate, BaCOa'CaCOs, crystallising as pris 
matic and blade-shaped crystals in the mono 
clinic system. There are good cleavages ir 
three directions (the basal plane and a prism) 
and curiously the angles between these an 
near to the angles betweeq the three cleavage! 
of calcite. The composition is the same as tnal 
of alstonite (q.v.)t But whilst alstonite is ar 
isomorphouB mixture of barium and calcium 
carbonates, barytocalcite is a double salt. The 
mineral is white or colourless, and has a vitreous 
lustre. Sp.gr. 3‘66 ; hardness 4. Apart from a 
doubtful record from Glamorganshire, the 
mineral has been found only in the old Blagill. 
or Bleagill,^ lead mine, near Alston, in Cumber- 
land. Here it occurs in considerable quantity, 
and was at one time mined as a Mow-grade 
witherite.’ Large blocks of massive material 
with crystal-lined cavities may still be found 
lying outside the mine. Although containing 
less barium carbonate (66’3 p.c.) than witherite, 
it may prove to be of commercial value. L. J. B. 

BASALT. A group of volcanic rocks of 
basic composition (SiO| 45-56 p.o.), correspond- 
ing with the plutonic gabbros. The hame is one 
of the oldest in petrography, being of Ethiopian 
origin and said to signify a stone that yields 
iron. Many of the ancient Egyptian and 
Assyrian monuments were carved in basalt, and 
it is the materia] of the famous Rosetta stone. 
The term is used in rather different senses. A 
quarryman often recognises amongst the diffi- 
cultly-worked igneous rocks only granite and 
basalt, and commonly any dark-emoured fine- 
grained rock is included under the term basalt 
or trap- rock. Also petrographers are not agreed 
amongst themselves as to the limitations of the 
terra. Strictly, it should be applied to a rock 
which has flow^ as a lava on the earth’s surface, 
and is composed of a basic plagioclase-felspar 
(bytownite or labradorite) and augite, togetner 
with small amounts of magnetite and ilmenite, 
and sometimes glassy (unorystallised) material 
in the groundmass. Sometimes porphyritic 
crystals are present, but usually the component 
minerals can only be recognised when thin 
sections of the rock are examined under the 
miorosoope; the rook appearing oompaot and 

> A Gormptlon of the Bermanlfier'Clead), and a lelte 
of the German miners employed In the Chimberiand 
mines in ths tslgn of Queen Bluaheth. 
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homogeneoiui to the lUAided eye. Other 
minerals are aometimea present, particularly 
olivine, and we then have the varieties olivine- 
basalt, hornblende-basalt, &o. In a leas common 
type of alkali-basalt the felspars are partly or 
wholly replaced by felspathoid minerala (nephe 
lite, leucito, and melilite). When the felspars are 
wholly replaced we have the varieties nephelite- 
basalt, leucite-basalt, &c. ; and when both 
felspar and felspathoid are present the rock is 
termed tephrite or basanite, according as olivine 
is absent or present. A leucite-basanite, then, 
consists of plagioclase, augite, olivine, and 
leuoite. Analyses of some of these types of 
basaltic rocks are given below : 1, avei^e of 
198 analyses of typical basalts, including olivine- 
basalts; If, baimt from Disko Island, west 
Greenland ; III, olivine- basalt from the Isle of 
Skye, Scotland ; IV, leucite-tephrite from 
Rome ; V, leucite-basalt from High wood 
Mountains, Montana. 




I. 

II. 

III. 

IV. 

V. 

SiOa 


49*06 

47*11 

46*61 

50*26 

47*98 

TiO, 


1*36 

0*78 

1*81 

0*57 

0*68 

AlfOa 


16*70 

14*33 

15*22 

21*41 

13*34 

Fe,0, 


.5*38 

4*88 

3*49 

1*76 

4*09 

FeO 


6*37 

11*06 

7*71 

1*82 

4*24 

MnO 


0*31 

0*21 

0*13 

— 

trace 

CaO 


8*95 

9*12 

10*08 

4*48 

9*32 

MgO 


6*17 

8*45 

8*66 

0*31 

7*01 

Na,0 


3*11 

1*91 

2*43 

6*16 

351 

K,0 


1*62 

0*20 

0*67 

11*32 

6*00 

H,0 


1*62 

1*62 

3*17 

0*96 

2*10 

P.O, 


0*46 

0*29 

0*10 

012 

1*03 


As a consequence of their volcanic origin, 
basalts often exhibit a vesicular texture, owing 
to the expansion of water-vapour in the rock 
before consolidation ; and in these cavities 
secondary minerals (chalcedony, calcite, and 
zeolites) are often deposited. A well-marked 
columnar structure, often on a large scale, is a 
common character ; e.g, at the Giants* Causeway 
in Co. Antrim, the Staffa caves in the Western 
Isles of Scotland, and in the Linz basalt quarry 
on the Rhine. It is a dense, black rock weather- 
ing to brown or dark green. Sp.gr. 2*8-3*l. 
The crushing strength is high (200^3000 tons 
per square foot) ; the absorption for water low 
(about 1 p.c.) ; and the conductivity for heat 
considerable, buildings of basalt being for this 
reason cold in winter and hot in summer. 

Basalts are of world- wide distribution, and 
sometimes cover enormous tracts of country ; 
e.g, the Arctic region extending to the Western 
Ides of Scotland, and the north of Ireland, the 
Deccan traps of India, 'and the lava-fields of 
Washington, Or^on, and Idaho. The rock is 
quarried at manv places for road-metal and 
paving stones, ana on the Continent as a building 
stone. But it is to be remembered that much 
of the rock quarried under the name of basalt 
is included by petrographers under other terms, 
particularly dolerite and diabase (g.v.). The 
types of alkali-basalts are less widely distributed, 
but are abundant in central Italy, in the 
neighbourhood of Rome and Vesuvius, and are 
known in Germany, Bohemia, Wyoming, 
Montana, and Bia^ These are of importance 
on account oi tbmr high content of potash 
(analyses IV and V above). L. J. S. 

BASS OIU V. Oils and Fats. ^ 


BASIC BESSBBIER STEEL v. Ibon. 

BASIUCON. JRe^n cerate. A mixture of 
oil, wax, and resin. 

BASILlOIL V. Oils, Essbistial. 

BASLE BLUE v. Aeznbs. 

BASSIA MAHWA or MOWRAH FLOWERS. 
The flokrers of B. {lUifi) latifolia (Roxb.) or 
Mahwa, a tree growing to the height of 60 feet, 
very abundant m Central India, are very succu- 
lent, and fall from the tree in laigo quantities 
everv night, a single tree affording from 200 to 
400 lbs. of flowers in a season, which lasts during 
March and April. They are used os an article 
of food, both cooked and raw. By fermentation 
and distillation they yield upward of 6 gallons 
of proof spirit per cwt. It is of superior quality, 
and when the operations have been carefully per- 
formed, is very mucli hke good Irish whisky, 

I having a strong smoky and rather foetid flavour, 
which disappears with age. 

They have also been used as a cattle food 
with success. It is said that the flesh of pigs and 
other animals is much improved, acquiring a* 
delicate flavour. 

The dried flowers have been recommended 
as a source of sugar. Negri found in them 
! 57*9 p.c. of glucose, yielding 26*74 p.c. of alcohol 
on distillation (Rev. Cbim. Med. Pharm. 2, 384 ; 
c/. von Ltppmann, Ber. 1902, 35, 1448). 

BASSIA OILS. Under this name arc com- 
prised a number of oils belonging to the 
genus Bassia. The most important oils (or fats) 
derived from Baaaia species are : Mowrah Seed 
Oil, llUp^ Buttef, Shea Butter, Njavo Oil, and 
Phulwa Butter. For a description of the fats 
derived from the kernels of different species of 
Bassia, «ee Bull. Imp. Inst. 1911, 9, 228. 

Mowrah Seed Oil is the fat obtained from*tlie 
sooda of Bassia latifoha (Roxb.) {Illipi latifolia, 
i Roxb. or Engler ; Bassta vilhsa. Wall.), a tree 
I widely distributed in the northern provinces of 
I India, and especially in Bengal. The tree is 
frequently cultivated in East India, and forms 
small plantations ; but even under the incentive 
of modern demand for a solid fat, file cultivation 
of the Mowrah Seed tree for the production of 
fat is nut likely to be taken in hand in the near 
future. The tree gradually disappears towards 
Calcutta, and is only sparingly met with in the 
Madras presidency, whore its place is taken by 
Bassia longifolia {see below). 

The kernels are 1 -2 cm. long, and are enclosed 
in a light-brown shiny husk. The seeds are very 
similar in appearance to those of Bassia loiigi- 
folia, with which they are frequently con- 
founded, much as the fat obtained from Iboth 
species is frequently confounded in commerce. 
This is partly due to the fact that the two kinds 
of fats are mixed together when exported to 
Europe, a practice which is greatly favoured 
by the fact that both species are known to the 
natives under such siimlarly sounding names 
as Illipi, Elupa, Katiliipi. 

The kernels dried at 190** contain, according 
to Valenta : 

Fat extracted (by petroleum ether) . 51*14 
„ soluble in absolute alcohol . • 7*83 

Tannin . . . • . • 2*12 

i^tter principle, soluble in water • • 0*60 

Starch . . €>. • 0*07 

Vegetable mnoilage .... 1*55 

Albuminous substances soluble in water 3*60 



558 BASSIA OILS* 


Extractive subBtanoes soluble in water • 15*59 
Insoluble proteins ^ . 4*40 

Total aah 2*71 

Fibre and loss . • • • • 10*29 

In its fresh state the fat is yellow ; ^on ex- 

? osuTe to the air the colouring matter is bleached. 

'he oil can also be bleached chemically« as has 
been done by the author, on a largo scale. 

The fat has the sp.gr. of 0’9175 at 15®, melts 
at about 25*3®730®» and solidifies at 18*5®-22®. 

The fat h^is a bitter aromatic taste and a 
peculiar odour. The iodine value of the fat is 
50, thus indicating a considerable amount of 
oleic acid. The chief constituent of the solid 
fatty acid is palmitic acid ; arachidic acid is 
absent ; stearic acid (13-25 p.c.) has been found 
to occur in specimens examined by Menon. 
'J'he saponification value of the commercial 
fats is slightly lower than that of fats having 
the constitution due to the fatty acids named, 
owing to a somewhat high proportion of un- 
Aiponifiable matter, viz. 2*34 p.c. The fat is 
prepared in India in a crude manner, and the 
cakes are used os manure. Owing to a bitter 
principle (saponin) contained in the cakes, 
they are uniit as food for cattle. Nevertheless, 
the cake is frequently added as an adulterant to 
the so-called * native linseed cake,’ which, under 
this misleading name, has latterly found ex- 
tensive sales on the Continent. The seeds and 
the oil have become an important article of 
commerce. They are imported to Europe in 
irregular quantities, and are chiefly used in the 
soap and candle industries. Endeavours have 
also been made to convert the fat into an edible 
fat.^, In India, Mowrah seed oil is largely used as 
an clliblo fat under the name ‘ Bolia oil,’ and os 
a medicinal oil in the treatment of skin diseases 
under the name * Me oil.’ 

Iliip4 Butter is obtained from the seeds of 
Basaia loihjifolia (Linn.), a tree indigenous to the 
southern part of India ; a variety of this Baama 
species is known os lUipi malabanca (Konig), in 
the Western uliats from Kanara to Travancore 
and the Anamalais, where the tree is found at 
an altitude of about 4000 feet. The seeds bear 
a close resemblance to those of /?. Zo/t/olta, 
but are mostly 3-4 cm. long, and less rounded 
than the seeds of B. latifolia. The average 
weight of one seed is 1*4 grms. The kernels 
form 75 p.c. of the seeds, 9 'nd contain 50-55 p.c. 
of a white to light-yellow coloured fat. The fat 
closely resembfes Mowrah seed oil, but differs 
from it by its lower solidifying and melting 
poinis ; in correspondence therewith the iodine 
value of the fat is 58-64, i.e. higher than that 
of B. latifolia. The fat contains from 12 to 
20 p.c. of stearic acid ; arachidic acid is absent 
(Menon). 

Illipi4 seeds are imnorted into France and 
England (usually in admixture with Mowrah 
seeds), where the fat is expressed for use in 
candle-making. The proposal to employ the 
fat as a chocolate fat appears to be due to the 
confounding of true lUipe seeds with seeds from 
the Malayan States, eironeously described in the 
market as ' llh^ nuts.’ 

Owing to the fact that the .term ' illip4 ’ n 
applied to many ia1&, it has been suggested by 
Revis and Bolton (Fatty Roods, 183) that 
the confusion might oe prevented by adopt^ 


the name ’Latifolia * and * Longifolia fat * for the 
products of the preceding species. 

Shea Butter is the fat obtained from the 
seeds of Basaia Parkii, De C. (Hassk.), BtOyro- 
apermum Parkii t [O. Don] (Kotseby), a tree 
belonging to the Sapotaceas. The tree was 
first described by Mungo Park, who foimd it in 
the kingdom of Bambara. Hence the fat was 
known as Bambara fat and also Bambooi fat. 
Other native names are Calam Butter, Bambuk 
Butter, and, in French West Africa, Karit4 Oil. 
The Shea Butter tree, or Karite tree, which 
resembles in appearance the American oak, and 
grows to a height of about 40 feet, occurs in 
enormous quantities on the West Coast of Africa, 
and through the centre of Africa in the French 
and English Soudan. It is especially abundant 
in the middle basin of the Niger, and is as 
characteristic of the region of the middle Niger 
as is the palm tree of the lower reaches of the 
rivers ana of the coast line. The Shea nut has 
the size and shape of an ordinary plum; the 
outer shell of some specimens is covered with fine 
fibres, whereas the shell of nuts coming from 
the middle Niger district has a polished surface. 
Owing to the wide distribution of the tree, the 
different specimens of nuts and fats exported 
to Europe show characterislso differences. A 
special variety appears to be represented by 
tne specimen known as Basaia nihticum (Kot- 
schy et Chevalier). The seeds contain from 
about 32 to 44 p.c. of fat, corresponding to 
about 49 to 59 p.c. in the kernel, the amount 
varying with the origin of the seed. The natives 
extract the fat by pounding the kernels and 
boiling the paste with water. The fat rises 
to the surface and is skimmed off into large 
calabashes, in which it is carried to the river 
for shipment. Since little care is taken in the 
preparation of the exported oil, much of the 
shea butter sent to Europe had at one time & 
dark-grey colour, which was considered to be 
characteristic of shea butter. The fat used by 
the natives for their own purposes is, however, 
prepared in a more careful manner, mode into 
cakes and wrapped round with leaves, so that 
it may keep. This fat is of a white colour, and 
keeps well for several months. 

Shea butter plays a very important part 
in the economy of the natives as an edible fat, 
and also as a burning oil, and for cosmetic 
purposes. Attempts have been frequently 
made to ship the fat and the nuts in bulk to 
Europe. Owing partly to the careless prepara- 
tion, and partly to a resinous substance disBolved 
by the fat, shea butter contains considerable 
amounts of unsaponifiable matter which im^rts 
to the fat an indiarubber-like taste. This large 
amount of unsaponifiable matter (5-9 p.c.) has 
prevented the extensive employment of the 
fat for soap-making purposes ; but methods for 
removing part of the unsaponifiable matter 
have been devised. The fat is also used as a 
candle material, and, in the refined form, as a 
substitute for lard. 

The sp^ifio gravity of the fat is 0*9177 ; its 
melting-point varies from 25® to 28®. Owing 
to the considerable amount of unsaponifiable 
matter, the saponification v^ue varies from 171 
to 192. The iodine value vax^ 56 to 63, 
so thi^ the proportion of oleic acid in the fat 
may be estimaM at about 60 p.o. The author 
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found in a number of ahea butters from 33 to 
37 p.c. of steario aoid. The remainder of the 
fatty acid appears to consist of laurio acid 
(Southoombe, J. Soo. Chem. Ind 1909, 409). 

Njave Oil, Njave Butter, Nari Oil, Noamgou 
OH, ^jab OH, is the oil obtained from the seeds 
of Mimusops Njave (De Lanessan), syn. Bassta 
Djave{l>Q Lanessan) ; Basma toxiAperma (Raoul) ; 
TieghemeUa afneana (Pierre) ; BaiUoiieUa ioxi- 
aperma (Pierre) ; Baillotiella Djave (Pierre) ; 
TieghemeUa JoUyarta (Pierre), a tree belonging 
to the family of the ISapolacecB, The wood of 
this tree is known in commerce as * Cameroon 
mahogany.’ The tree is indigenous to West 
Africa, the Cameroons, Gaboon, and Nigeria, 
and furnishes, like most trees belonging to the 
Sapotacece, guttapercha. The fruits are 
known in commerce as Mahogany nuts ’ ; in 
the Gold Coast Colony they are termed ‘ Abeku 
and * Bako ’ nuts. The weight of the nuts 
varies between 10 and 21*6 grams, one-third of 
which is made up by the shell. The kernels 
contain 43-64 p.c. of a white fat, which the 
natives (the Jaundea and the Ngumbna) prepare 
by drying the seeds over fire and breaking the 
shell with stones. The kernels are then pounded 
in a mortar or comminuted by rubbing between 
stones. The mass is next boiled but with 
water, the fat is skimmed off by hand, and 
fixiod from the bulk of water % squeezing 
between the hands, and then subjeotmg it to a 
somewhat stronger pressure in baskets, by 
heaping stones on the mass. By this process 
an extremely poisonous saponin, contained in 
the fresh seeds, is completely removed, so that 
the fat can bo used for edible purposes. In 
case the seeds should be expressed on a largo 
scale the press cakes would retain the poisonous 
substance, and hence be valueless as a feeding 
cake (Bcr Tropenpflanzor, 1910, 29), unless the 
saponin be removed completely by boiling out 
with water. But even if this process were 
feasible, a considerable amount of nutritive 
substances would be removed thereby. The 
economic prospects of the seeds are, there- 
fore, still doubtful ; nevertheless, the exports 
from the Gorman Cameroons have increased 
from 3 tons in 1906 to 183 tons in 1908. The 
fat solidifies at about 21'’, and has an iodine 
value of about 65. 

Phulwa Butter is the fat expressed from the 
kernels of Baaaia {lUipi) bulyracea (Roxb.), the 
'Indian butter tree,’ which is indigenous to 
the Himalayas. The seeds, known as 'phul- 
wara,* are smaller and thinner than tho.so of 
B. latifolia and longifolia. The average weight 
of one seed is one gram. The kernels form 
67*5 p c. of the total seed ; they contain 50-66 
p.c. of a white fat, having the consistence of 
bird. Phulwa Butter is one of the most im- 
portant foodstuffs amongst the natives of the 
North-West Provinces, on account of its pleasant 
odour and agreeable taste, and is frequently 
used to adulterate Ghee. The butter is also 
highly valued by the natives as an ointment 
when properly perfumed. The melting-point 
of the fat is 39 , and its iodine value 42^ Stearic 
aoid is absent (Menon). 

Less-known Bagiua Oils are : Payena OH or 
Kanaive OH, Payena dUiJera (Chemical 

Technology and Analysis of Oils, Fain, and 
Waxes, uT 800), and Ratio OH, from Baaaia 


MMeyana, which solidifies at 14^-15'* and has 
an iodine value of 63<>66 (Brooks, Analysti 
1909, 207). J. L. 

BASSORIN V. Gums and Gum Tbsqacantu. 

BASSWOOD OIL. An oil from THia anieri- 
Cana, resembling cotton-seed oil, and consisting 
of glycerides rich in butyric acid (Wiechmanu, 
Amer. Chem. J. 1895, 17, 305). 

BAST FIBRES. Elongated narrow plant- 
cells that form strengthening tissue in stems and 
loaves, especially in connection with the fibro- 
vascular bundles, but not belonging to the wood. 
The raw material, bast or bast-hke fibre, used for 
textile purposes or for the manufacturo of paper, 
ropes, and the like, is of varied nature and 
source, but is always characterised by tho 
abundance in it of bast fibres. It may bo 
composed of a number of fibro-vascular bundles, 
or one such bundle {e,g, coco-nut fibre), or part 
of fibro-vascular bundle {e.g. fibre from leaves of 
monocotyledons), or merely a bundle of true 
bast fibres (from the fibro-vascular bundles or 
bark of dicotyledonous stems). 

A typical bast fibre ftis a thick wall, with 
slit- like oblique pits, and a relatively small 
lumen. Tho ends usually taper to fine points, 
but may be blunt or oven branched. The coil- 
wall varies in thicknoss in different spccios, from 
comparatively thin to extremely thick, and may 
vary in the same fibre, so that the lumen is alter- 
nately wider and narrower. When tho wall is 
very thick tho lumen is reduced to a lino, and 
may be locally evanescent. I’here similar 
differences in the width, length, and strength of 
tho raw material and individual bast fibre. 
'Uhe colour varies from the usual whitish-grey or 
green or yellow, through yellow and brown to 
black. 

The cell- wall is mainly composed of celluloses 
and in certain species (flax, Calotropia gigarUen, 
and others) is entirely soluble in ammoniaoal 
cupric oxide, and gives tho colour reactions for 
celluloses ; but the bast fibres of certain other 
species (juto, hemp, esparto, and others) show 
hgnification, and give corresp'Onding colour 
reactions. 

Bast fibres in commercial use arc mainly 
obtained from comparatively few alliances and 
families of dicotyledons, and genera of mono- 
cotyledons, namely, Malvales (Malvaceffi), 
Tiliaccic, Stcrculiacceo, Urticales (Moracesu, 
Urtlcacesa, Ulinacose), Leguminosse, Linacees, 
Apocynaceee, and Asclepiac^ea), Boraginacea 
Agave and Fourcroya, A log, Bromelia, Sanaeviera, 
Muaa, Stipa, Pandanus, and several palms. 
{See articles 'on any of these, and JUTrf* and 
Hemp. For a full authoritative account of 
vegetable fibres, see Wiesner, Die Rohstoffe des 
Pflanzenreichs, 1903, Bd. li. 167-463.) 

BASTN'ASITE. a tluocarbunate of cerium- 
metals (CeF)C() 3 , long l«iowii as small yellowish 
masses with greasy lustre embedded between 
aUanito crystals at the Bastniis mine, Riddar- 
hyttan, Sweden. It has also been observed as 
an alteration product of tysonite (CeF|) in the 
granite of the Pike’s Peak region in El Paso Co., 
Colorado. Recently laz^ masses have been 
found in Madagascar in we wefthered debris of 
p^matite at Torendxika to the east of Ambositra 
and near Antsirabe. ThdUs have the (^rm of 
rough hexagonal^risms of a yellow to reddish- 
brown colour. pirkw® rti»ir«fa.la ■kntv pyi AOJMr 
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■epantion parallel to the basal plane on which 
the lustre is then pearly, otherwise it is 
greasy in character. The cirystals are optically 
uniaxial and posKire. op.gr. 4*948. The 
mineral is difficultly attacks by hydroohlozio 
acid, but is decomposed by sulphuric acid, with 
evolution of^carbon dioxide and iluorine. It is 
infusible before the blowpipe. L. J. S* 

BATATAS, or Sweet Potatoes, the tubers of 
I^imcsa hataiaa or JBeUaia edidia, a convolvulus* 
like plant, usually with purple flowers, growing 
freely in tropics and sub- tropical countries. 
The tubers are sometimes of great size — up to 
12 lbs. or more in weight 

It can be propagated by cuttings or by the 
tubers, and, once established, often yiel^ 
several crops in succession. An average crop is 
about 6 tons per acre. Light friable soils are 
most suitable. 

Average composition of sweet potatoes and 
their vines : 

Soluble 

* carbohy- 

Water Protellt Fat drates Fibre Ash 

Tubers . 7M 15 0*4 24*7 1*3 1*0 

Vines . 41*6 7*6 2*1 29*3 13*6 6*8 

A more detailed analysis of the tubers as grown 
in Monte Video, is given by Sacc (Bied. Zentr. 
1883, 337) : 

Fectlc 

Water Protein Glucose Mucilage acid Starch Fibre Asli 


67*0 

0*56 

0*3 1*16 

1*27 13 

10 1*0 

to 

to 

to 

to 

to 

68*2 

0*64 

4*0 

16 

17*8 


The sweet potatoes are largely used as food, 
and also in the manufacture of alcohol. 

According to Stone (Bor. 1890, 23, 1406), they 
contain from 1*6 to 2*0 p.c. of cane sugar, and 
baking converts the starch into the soluble form 
and hydrolyses the cane sugar. The tops of 
sweet potatoes are greedily eaten by farm 
animals, but should be used with care, since 
they sometime^ contain a poisonous oyanogetic 
glucoside. Aniounts of hy^cyanic acid, vary- 
ing from 0*014 to 0*019 p.c. of the green material, 
have been found. Sweet potato vines have 
often proved fatal to pigs in Queensland. 

Hasselbring and Hawkins ( J. Agric. Research, 
1016, 6, 643) state that the amount of sugar in 
the tubers is comparatively small until after 
they are harvested ; but when they are cut off 
from connection with the leaves, the starch is 
transformed, first, into reducing sugars, and 
ultimately into sucrose. The reaction proceeds 
rapidly at high temperatures, but doon reaches 
an end-point, while at lower temperatures the 
change is slower, but ultimately proceeds grther. 

BATH BRICK. A brick made from deposits 
of silicious and calcarecvcs earth at Bridgwater, 
Highbridge, and elsewhere, and used for polish- 
ing metals. 

BATH'METAL. An alloy of copper and 
sine, containing a larger proportion of copper 
than ordinary brass, viz. 83 p.c. copper to 17 p.o. 
zinc ; ^.gr. 8*461 ; fracture crystalline, and 
colour yellowiahfed. 

BATHYCHROBIB v, Coloxtb and Cbxbooa^ 
OoNsizipriON. ^ 

BAAST. a material consisting of cotton 
impregnated with oaoutohouc on one or both 


sides, largely used in the French army for 
congresses and antiseptic dressings. 

BAUXITE. A clay-like aluminium hydroxide 
first noticed 1^ P. Bertliier m 1821 (cdumme 
hydraiie de$ Beaux), and named beauxite by 
A. Dufre'noy in 1847, and bauxite by H. Sainte- 
Claire Hevillo in 1861 ; this name being from 
the village L<es Beaux, or Les Baux, near Arles, 
dep. Bouches-du-Rhdne, in the south of France, 
where the material was found. 'This material 
came to be regarded as a mineral species with 
the composition A1.03,2Ha0, corresponding 
with Al.Oa, 73*0 ; and HgO, 26*1 p.c. ; that is, 
intermemate between the definite crystallised 
species cUasporo (AlaOa.HgO) and hydrargillite 
or gibbsite (Alg0s,3H30). It, however, varies 
widely in composition, owing to intermixture 
with quartz-sand, clay, cmd iron hydroxide, 
and it passes insensibly into clays, iron- ores, 
and laterite. The variations shown by different 
analj^ses are : AI3O3, 30*3-76*9 ; H3O, 8*6-31*1 ; 
Fe,0„ 0*1-48*8 ; 8iO„ 1*1-41*5 ; TiO*, 1*6-4 *0 
(from table of analyses quoted by Cl. P. Merrill, 
The Non-metallic Mincrab, New York, 1910). 
(For other analyses of French bauxite, see H. 
Arsandaux, Compt. rend. 1909, cxlviii, 036, 
1115 ; Bull. Soc. franp. Min. 1913, xxxvi, 70.) 

The material never shows any indications 
of crystalline structure, being always com- 
pact or earthy, or often with a concretionary 
(pisolitic or oolitic) structure. In colour it 
ranges from white, through creamy and yellow, 
to brown and deep red. Under the microscope 
it shows only optically botropic, flocculent 
grains. Bauxite is thus no doubt a mixture 
of colloidal aluminium hydroxides (for which 
the mineralogical name kliachite has been 

E foposed by F. Cornu, 1909, and sporogelite 
y M. Kispatid, 1912) with various iron hydr- 
oxides, cbys, &c. , and possibly abo the crystalloids 
diaspore and hydrargillite ; and it is thus rather 
of the nature of a rock than a simple mineral. 

In its mode of occurrence, and no doubt abo 
in its mode of origin, it abo shows wide differ- 
ences. The extensive deposits in the south of 
I France have the form of beds inierstratified with 
I limestones of Cretaceous age, or of irregular 
i pockets in the limestone. Those of Co. Antrim 
and of the Vogebberg and Westerwald in 
Germany, are associated with laterite, and are 
interbedded with basaltic lava-flows. In Ar- 
kansas the bauxite deposits occur only in 
Tertiary areas in the neighbourhood of eruptive 
syenites, while in Alabama and Georgia they 
overlie ancient sedimentary rocks. The fre- 
quent presence of pisolitio structures in the 
material and its association with limestones, has 
led to the suggestion that bauxite has been 
deposited by hot springs containing aluminium 
salts in solution (probably aluminium sulphate 
from the decomposition of pyritous shales), 
where these have come into contact with lime- 
stone rocks. On the other hand, the material 
associated with laterite and basalt has, no 
doubt, been produced by the weathering under 
special conditions (the agency of bacteria has 
been suggested) of basalt or of other igneous 
and crystalline rocks. (For papers on the 
constitution of bauxite and laterite, see M. 
Bauer, Jahrb. Min. 1898, ^iiy,^463 ; T. H 
Holland, Geol. Mag. 1603, 69; A. Lacroix, 
Nouv. Archives du Mas4e, Pkria, 1914, v* 
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reviewed by L. Fermor» Geol. Mag. 1915; 
G. A. J. Cole, The Interbaaaltio Bocks (Iron Okjs 
and Bauxites) of NoHh-East Ireland, Mem. Geol. 
Surrey, Ireland, 1012 ; H. Ries, Economic 
Geology, New York, 1916; W. C. Phalen, 
Mineral Resources of the United States, for 
ltll5, 1916, ii, 169.) 

The alum olay or bauxite mined in Co. 
Antrim is all sent to the aluminium works at 
Foyers and Kinlochleven in Scotland. In 
France the present source of supply is mainly 
in dep. Var ; and in America the production 
is confined to the states of Alabama, Gcoigia, 
a^ Arkansas. The French bauxite is roughly 
divided into three classes: (1) white bauxite, 
with 60 p.c. alumina, not more than 4 p.c. iron, 
and no silica,— this being used for the manu- 
facture of aluminium salts and alum ; (2) rod 
bauxite, with 60 p.c. alumina and 3 p.c. silica, — 
used for the manufacture of aluminium ; (3) a 
special kind of white bauxite, with 46 p.c. 
alumina, a trace of iron, and much silica, — used 
for making refractory bauxite bricks. The 
greater pait of the material is used in the 
manufacture of aluminium, but in America 
large quantities are fused in tho electric furnace 
to produce artificial corundum, which, under the 
name of alundum, is largely used as an abrasive 
agent. L. J. S. 

BAVALITE V. Thurinoite. 

BAY, BAY OIL v. Laurus nobilis. 

BAYBERRY TALLOW x \ Waxes. 

BAYER’S ACID, 2-Naphthol-8-sulphonic 
acid. V. Nafhtualere. 

BAY-LEAF OIL v. Oils, Essential. 
BAY-SALT V. Sodium chloride. 

BAZILLOL. Trade name for a preparation 
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of crude carbolic acid. Used as a disinfectant 
BDBLUUM V. Gum bxsins. 

BDELUUM RESIN r. Resins. 

BEAN. The name given to many seeds 
which resemble in size and*8hape the ordinary 
kidney bean. Thus the seeds of coffee, oocoa, 
castor, Ac., are often known as * beans.* 
Usually, however, the term is restrioted to 
seeds of various Uguminos<B^ 

The most important species of beans are : 

(1) Adzuki beans {Phaaeotiu radtaiva), 

(2) Field or horse beans, of which the broad 
bean is a variety (Vtcta Jaha). 

(3) French or kidney bean {PhaaeaXua 
wigaria). 

(4) Java or Lima bean {Phaseolua lunaiua) 

(6) Soy or Soja bean {Glycine hiapida or 

Soja hispida). 

(6) Velvet bean {Mucuna utilia), 

(7) Carob or locust bean {Ceratonia ailiqua). 

In chemical composition beans are remark- 
able for the large proportion of albuminoid 
matter which they contain. They thus possess 
high nutritive value as foods. * 

In some cases the seed only is eaten, either 
reon as in broad beans, or dried as in haricot 
eans, which are a variety of Phaaeoltia vtUgaria, 
In others, e.g. in the kidney bean, the whole 
pod, in the unripe condition, is eaten ; whilst in 
the case of the carob bean, the dried pod rather 
than tho seeds is the valued product. The 
velvet bean is usually grown for its foliage, 
either for making into hay for cattle or for green 
manuring. 

In the following table are given analyses 
of various beans, as far as possible of the 
products as they are usually consumed ai 
food : — ^ 


1 ' 

L 

(1) 

(2) 

(3) 

( 4 ) 

(6) 

(3) 

(7) 

(8) 

(») 

Water 



136 

87*3 

IM 

68-5 

14*4 

100 

160 

9*3 

19*7 

Protein 



23*1 

2*2 

16*9 

7*1 

23*9 

33*2 

17*2 

13-3 

6*6 

Fat 



2*3 

0*4 

1-8 

0*7 

1*6 

17*6 

2*2 f 

2*6 

0*8 

Soluble carbohydrates 



66-6 

] 9 *4 

67*1 

22 * 0 / 

49*3 

30*2 

28*9 

39*4 

39*6 

Cnide fibre 



3*9 

7*5 

4.4 

29*5 

27*6 

7*8 

Ash 



3*6 

0*7 

4*1 

1*7^ 

3*2 

4*7 

6*2 

7*8 

2*6 

Undetermined . 


* 

— 

— 
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(1) Phaseolua vulgaris, dried seeds, as used as 
haricot beans. 

(2) Phaseolua vulgaris, green pods, as used as 
kidney beans. 

{3; Phaseolua lutvaiua, dried. 

(4) „ „ green. 

(6) Ykia faba, dried. 

(6) 803 a hiapida, dried seeds. 

(7) „ „ hay. 

(8) Mucuna uiilia, hay. 

(9) CercUonia ailiqua, whole pod. 

The proteins of beans were thought to con- 
sist largely of legumin, or Vegetable casein,’ 
first obtained from them by Einhof in 1805, 
but Hoppe-Seyler has shown that the vegetable 
casein is produced by the action of the alkali 
used in extraction upon the globulins and 
albumins present in the seeds. 

The proteinspf Phaaealua vulgaris are chiefiy 
phaseolin, a globulin containing 16*45 p.c. N and 
0*5 p.o. S, and phaselin (Osborne, J. ^Arner. 
Caiem. Soo. 1894, 16, 633). In Phaseolua 
V«u L— T. 


radiatua are present phaseolin and another 
globulin containing 16*31 p.c. N and 0*88 p.c. S 
(Osborne and Campbell, J. Amer. Chem. Soo. 
1^97, 19, 509). In Vida f aha, the same investi- 
gators found legumin, vicilin, legumelin^ and 
a proteose (same Journal, 1898, 20, 303). In 
S(^a hiapida they found, as the chief proteid, 
a globulin resembling legumin, but containing 
twice as much sulphur, for which they propose 
the name glycinin. L^umelin, a trace of a 
proteose, and a globulin^robably identical with 
phaseolin, were also present (I.c. 20, 419). 

The nitrogen-free extract of soja beans con- 
tains the following substances (Street and 
Bailey, J. Ind. Eng. Chem. 1915, 7, 853); 
galactans 4*86 p.o. ,* pentosans, 4*94 p.e. ; 
organic oeids (as citric eftid), 1^4 p.o. ; invert 
mgar, 0*07 p.o. ; sucrose, 3*31 p.c. ; rafiinose, 
**13 p.o. ; starch, 0*60 p.c^ cellulose, 3*29 p.c. ; 
hemicelluloses, 0*04 p.c. ; dextrin, 3*1% p.o. ; 
waxes, tannins, *Ac. (by diff.), 8*00 p.c. Tjje 
same investigaton found soja beans to contain 

% 0 



6BAN. 


m 


the following enzymes : urease, amylase, a 
glucoaide-si)liiting enzyme, a protease, a peroxy* 
dase, and a lipase. 

According to Fleurent (Compt. rend. 1808, 
126, 137^1), bean flour contains 31 p.c. of nitro* 
genous matter, comprising legumin, 18*0 p.c. ; 
vegetable albumin, 0*2 p.c. ; glutenin, 9 *.j p.c. ; 
and cliadin, 2*4 )).c. ; and has been useii to add 
to wncattm flour, siflce the addition of 2 or 3 p.c. 
to the latter iricrgascs the ratio of glutenin to 
gliodin in the ini.xtiire, and thus in many cases 
improves the flour for bread making. The 
flour made from haricot beans contains starch 
as ovoid grains with distinct elongated or 
fissured hila, and square r>r rectangular cells 
containing pn.smatic crystals of calcium oxalate. 

The fat of beans contains choline, cholesterol, 
and glycorides of valeric, oleic, and palmitic 
acids, but no stearic acul (Jacobson, Zeitsch. 
physiol. Chem. 1889, 13, 32). According to 
Kosutany (Landw. V'crHiichs-Htat. 1909, 54, 
4fl3), bean oil resembles olive oil in appearance, 
has a sp.gr. of 0*997, Ui'ichcrt-Mcssel nutriber 
2*4fl, iodine number (Hiibl.) 119*9, and contains 
mucii lecithin and sulphur. Slanek (Zeitsch. 
jihysiol. diem. 1900, 48, .334) found both betaine 
and choline in horse beans. 

Si'vcral varieties of beans contain a cyano- 
genetio glucosido. In Phaseolus ImuUus, llunstan 
and Henry (Proc. Ro3^ Soe. 1903, 72, 286) found 
a glucosido which they named phaseolunatin 
(lioHi70tN, yielding dextrose, prussic acid, and 
acetone on hydrolysis. The wild plant contains 
it in much larger quantity then tho cultivated 
one. From haricot beans Tatlock and Thomson 
(Analyst, 1900, 31, 249) obtained from 0 001-* 
0*009 p.o. of hydrocyanic acid. Most of the 
cyanogen compound, and tho whole of the 
enzyme which hydrolyses it, are destroyed by 
boiling. 

The carob or locust bean is remarkable for 
tho largo amount of sugar (cane sugar 23 p.c., 
glucose 11 p.c.) contamod in tho pod, whdo 
the seed contains a carbohydrate, caroubin, 
a white, spongy, friable substance, of tho same 
composition as cellulose (Eflront, Compt. rend. 
1897, 126, 38), which yields in contact withi 
water a very syrupy liquid or jelly, 3 or 4 grams 
of tho substance being sufficient to convert a 
litre of water info a thick syrup. Caroubin 
might be used ivith advantage in tho prepara* 
tion of nutrient media for bacteriological work. 

It has been introduced under tho name of 
‘ tragasol * as a gum for sizing, colour }>rinting 
and dyeing (J. Soc. Chem. Ind, 1894, 410, ana 
1896, 112). 

Effront (Compt. rend. 1897, 126, 309) 
states that by hydrolysis, either by dilute 
acids or the enzyme caroubinase, present m the 
seeds, caroubin yields a sugar, which he ca Is 
oarou binose, resembling dox&ose, but with lower 
rotatory power. 

Van Ekenstein (Compt. rend. 1897, 126, 719), 
however, finds this sugar to bo idontioal wi£h 
d-mannose. So, too, Bourquelot and Hcrissey 
(ind that the aotion of dilute acid upon the 
oarob seed yields a mixture of mannose and 
galactose so tfact caiGubin apparently consists 
of maanans and galaotans (Compt. rend. 1899, 
129, 228 and 891). O^or analyses of commereiu 
carobs^v. Balland, J. Pharm. chim. 1004, 19, 669. 

, All speoies of beans, like ($Uier leguminoss^ 


serve as hosts lor the tubercle forming, nitrogen 
fixing organisms {BaciUus radicoccia), and thus, 
under suitable conditions^ are indeMndent 
of supplies of combined nitrogen in the soil. 
Beans are therefore sometimes used for enriching 
soils in combined nitrogen, being employed for 
green manuring, though the root dSris of a crop 
of beans, oven after the removal of the seed and 
haulms, often eflects this object to a considerable 
extent , . H. I. 

BEAN OIL. See Soya bean oil. 

BEARBERRY LEAVES. The dried leaves 
of ArcJoftlfiphylos leva-ursi (Spreng). 

BEBEERINE {behenne, bibirine) is a name 
which has bcxjii ajiplied variously. 

J. Mociagan (Annalcn, 1843, 48, 106; with 
Tilley, 1845, 55, 105) first applied it to the 
amorphous ether-soluble alkaloid of bebeeru 
bark {Nedatidra liodieit Hook.), to which tho 
formula CVr.oOeN (C = 6 ; 0 = 8) was 

attributed. 'I'his base was accompanied by 
another amoi‘2>huus alkaloid, sipcenne, which 
was insoluble in ether, whilst bebeeru wood 
contained a third amorphous alkaloid, nectan- 
drine C20H2SO4N (Maelagan and Caingec, 
Pharm. J. 1809 -1870, [ji.] 11, 19). 

2. It w'as a]>plied later to tho total alkaloids 
of bebeeru bark, tho sulphate of which was 
official ill the li. P. 1885, and was used as a 
febrifuge, as a substitute for quinine. 

3. Bebeerine (from bebeeru bark) has been 

stated to be probably identical W'ltli the alka- 
loids of true pareira root {Chondodendron 
torwutosuin, Kiuz. and Pav.), with buxine, con- 
tained jn Buxui S(>mf>erviren8 (Linn.), and with 
the pelosine of (hfimmpelos Pareira (Linn.), 
but the evidence of identification is incon- 
elu.sivo. It has led, however, to tho use of the 
term bebeerine for alkaloids isolated from 
Chondodeiidron tomcntosxim by Sclioltz (Arch. 
Pharm. 1898, 236, 530; 1906, 244, 255) and 
Faltis (Monntsh 1912,33,873). Scholtz’ bebee- 
rule cr^’stallises from methyl alcohol 

in colourless prisms, m.p. 214°, [a]jj— 298° in 
alcohol, f jrms crystalline salts, is phenolic, and 
contains one *OAIe and one *NMo group. Faltis 
has described )8 bebeerine, amorphous, m.p. 
142°-150°, [a]jj-f28*6° 111 alcohol, -24*7° in 
pyridine; iwbobeerino, rhombic needles, mp 
ifH)®, optically inactive ; and bcbeerine-B, 

yellow powder, m.p. 220°, [o]p-4-56*7® 
in pyridine. To i3- and mbebeenne, Faltis 
uttnbutei tho formula ('2iHg304N, whilst 
Scholtz (Arch Pharm. 1913, 251, 136) prefers 
the formula OjhHjjOjN. F. L.*P. 

BECKELITE. A silicate of calcium and 
corium-carths Ca,(Ce,La,Di,Y)4(Si,Zr)30i5, con- 
taining CcjO, 28*1, La,0, 13*6, HijU, 18*0, 
(Y,Er)j08 2*8, ZrO, 2*5 p.c., etc. It occurs as 
wax-yellow grains and cubic crystals as an 
accessory constituent in a dyke rock associated 
with elaeolite-syenite in the Mariupol district 
on the Sea of Azov, South Russia. The crystals 
(} cm. diameter) have the form of octahedra 
and rhombic-dodccahedra, and resemble pyro- 
chlore in general appearance and physical 
characters, out they possess a cubic instead of 
an octahedral oleav^e. Chemically, however, 
they are quite distinct frosn pyrochlore, con- 
taining no columbium, titanium, or fluorine. 
Sp.gr.^'16: hardness 5. L. J. S. 
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BSaSBCHNOT OIL. This oU is derived from 
the seed-kemeis of the beech tree ( Fagua 
aylvaticaf L.), which contain from 30 to 42 p.c., 
the yield from the whole nuts being from 10 to 
12 p.c. The oil derived from the nuts of the 
Japanese beech (var. Sieboldu Maxim.) is used 
for food and as a lubricant, for which latter 
purpose it is not well suited, os it is a ‘semi- 
drying ’ oil. The cold* drawn oil is pale yellow, 
and has a pleasant odour and taste. It has 
sp.ffr. 0*9205 at 16®; iodine value llJ-120; 
ana mj). of fatty acids 17®-17*5® (Higuchi, 
Bull Forest £xx). Stat. Tokyo, 1915). In 
Europe beechnut oil is sometimes used to 
adulterate almond oil. 

C. A, M. 

BEECH TAR. According to Fisher, 100 
parts of beech wood yield on dry distillation 45 
parts of acetic acid, 23 parts of charcoal, 4 of 
oil, and 28 of gas, consisting of 20 parts carbon 
dioxide, 7 of carbon monoxide, 0*5 of marsh 
gas, 0*05 of hydrogen, and 0*45 of water (Biiigl. 
l>oly. J. 238, 55). 

The tar contains phenol, cresol, phlorol, 
guaiacol, and creosol, the dimethyl ether of 
propyl pyrogallol, the di)neth 3 d ether of pyro- 
gallol, which on oxidation yield cocrulignone or 
cediret, inttacal, and picamar. 

According to (^ratzel (J. Phanii. f5J 0, 620), 
ferric chloride colours beech tar creosote a blue 
passing to brown. 

(For a history of the investigations made 
upon wood tars, v. Schorlemmcr, J. Soc. Chom. 
Jnd. 4, 162, where also will bo found a biblio- 
graphy of the subject; v. also (*REOSOTX, and 
Wood, DESTRtJCmVE I)lSTlhLAT10?fl OF.) 

BEESWAX Waxes. 

BEET-ROOT. The root of Beta vuJgaris 
(Linn.). Many varieties are know'ii, differing in 
colour, shape, and size. Mangel-wurzel, or 
mangold, as it is often called, is a variety (of 
which there are many sub- varieties), largely 
grown as winter food for cattle ; garden beot-root, 
emplo^'ed as salad or vegetable, is often under* 
stood when the term ‘ beet-root * is used. The 
most important variety, however, is the sugar 
beet, of which many sub-varietios are knomi. 
Those have been obtained by careful selection 
with a view to obtaining the highest proportion 
of cane sugar. 

The presence of sugar in the juice of beet-root 
was observed in 1747 by Marggraf, who suggested 
its extraction on a commercial scale. The 
early attempts, however, proved failures, aa 
the process ooidd not compote with the cane- 
sugar industry. This is not surprising when it is 
remembered that the beets then grovm only 
yielded about 2 p.c. of sugar. 

eSareful selection of seed, and improved 
cultivation and methods of extraction, aided 
by a system of bounties by continental Govern- | 
ments, have resulted in ' beet sugar almost 
entirely replacing cane sugar in the principal ' 
markets of Europe (v. Sugar). I 

Beet-root contains water, nitrogenous mat- ' 
ters (including true albuminoids and the bases 
glutamine, betaine, and choline), pectins, su^rs 
(of which cane sugar and rafiSnose are the chief), 
colouring mattM of an unstable charaetCT 
(Formanek, J. TC. Ghem. 1900, ii. 62, 310), 
and ash. It will be Well to consider, in turd, the 
oompoaitioD of average specimens of the three 


principal varieties of beet-root mentioned 
above. 

(a) MangeUwurzelt or JHyngolda, called some- 
times field beets. Many varieties, differing in 
colour, size, and shape, are in cultivation. They 
may be classified into long, tankard, and globe 
forms. ^ 

Mangolds grow best in deep, somewhat 
cla 3 *ey soils, and in warm, fairly dry climates. 
They demand abundant su}>plius of plant food, 
and, under favourable conditions, yield very 
heavy crops, from 20 to 30 tons per acre boing 
usuaUy obtained. They arc bettor as food for 
cattle and sheep after they have boon stored 
for some weeks. 

As in almost all root ciops, largo mangolds 
are distinctly more w'atery tiun small ones. 

The following is tiio average eom]>osition 
of mangolds, according to (1) Warington, (2) 
Kellner : — 
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7’h© nitrogenous siibatancos comprise ^eal 
albuminoids, in proportion varying from 33 to 
60 p.c. of the wnolo (being lowest in tlio largo 
and highest in the small roots), and amides. 
Quite considerablo qiianiilios of nitrates are 
often present in the juice. 

The soluble * carbohydrates * consist chiefly 
of ^sugars, pectins, cellulose, artfl pento.sans ; 
starch is not proRcnt. The ash of mangolds, 
according to Wolff, contains: 

KtO Na20 MgO CaO P 2 O* SOi Cl SiO| 
631 14*3 5*1 4*6 0*G 3 3 6C 3*3 

The unusually large proportion of chlorine is a 
noticeable feature. Beets, being descendants of 
a maritime plant, arc found to bo bonetitod by 
applications of common salt to the soil in 
which they are gro\vn. Oxalic acid, to the 
extent of about 0*1 p.c., is present in beet- 
root. 

(6) Garden heet-root. Those are almost nl- 
wa^'s icd-floshc<l. In composition they resemble 
the mangel- w'urzcl. 

The average of 17 American analyses shows : 
Water, 87 0 p.c. ; nitrogenous substances, 
1 *0 p.c. ; fat, 0*1 p.c. ; soluble carbohydrates and 
filg*e, 9*6 p 0 . ; ash, 1 *1 p.c. 

(c) Sugar bteia. Of those, many varieties 
have been obtained by careful selection. They 
are usually white- or ycllow-flcshcd, conical in 
shape, and grow with tb^ root ontifoly under- 
^ouud. The sugar content no% ranges fropi 
IC^o^ 1 1 to 16, 18, or even 20 p.c. 

Roots not exceeding 14*to 2 lbs. in grei^ht 
are ipieferrod. A |jleep medium loam containmg 
a fair ]^oportion of lime is the soil best suited 
for their growth. Nitrogenous manuring must 
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be only sraringly done, or the roots become 
watery and deficient in sugar. 

It is difficult to give the typical composition 
of sugar beets, sinci their sugar content varies 
so greatly with variety of plant, season, size 
of root, cultivation, and manuring. Small roots 
are almost invariably richer than large ones, 
other things being equal ; a dry period during 
the ripening and maturing of the roofs is also 
favourable to sugar formation; well-tilled soil, 
regularity of shape of root, and suitable manur- 
ing, are all important factors in determining the 
yield of sugar. 

There is evidence that the careful selection of 
beets for sugar production has altered the 
plant considerably, so far as content of ash is ; 
concerned (Schneidowind, Bied. Zentr. 1900, 
29, 81). The proportion of ash is much lower 
than formerly, the quantity of potash is only 
about hall of what it was, while the soda has 
doubled ; magnesia has remained unchanged, 
while phoKphorio acid is loss. 

* According to Kellner, the average composi- 
tion of sugar beets is : Water, 75 p.c. ; crude 
protein, 1-3 p.c. ; fat, 0*1 p.c.; soluble carbohy- 
drates, 21*4 p.c.; fibre, 1*5 p.c.; ash, 0*7 p.c. 
In addition to the sugar content, the purity 
coefficient (the ratio of cane sugar to total sugar) 
is of importance (see Sugar). 

The leaves of mangolds and sugar beets 
contain much oxalic acid, up to 8 p.c. of the 
dry matter (Stoklasa, Bied. Zentr. 1901, 30, 
393), and their ash is rich in lime, magnesia, and 
soda. They contain about *84 p.c. water, | 
2*3 p.c. nitrogenous matter, 0*4 p.o. ether 
extract, 7*4 p.o. soluble carbohydrates, 1*6 p.o. 
fibr^ and 4*8 p.o. ash. 

They arc sometimes used as cattle food, 
either in the fresh or dried condition, or some- 
times as silage. In order to prevent ill effects 
from the oxal|<3 acid present, it is recommended 
to sprinkle powdered calcium carbonate on the 
leaves before giving them to animals. About 
1 lb. calcium carbonate to 1000 lbs. of leaves is 
sufficient (Kellner). The leaves arc sometimes 
dried by artificial heat, and then furnish a 
valuable food, equal to meadow hay. H. I. 
BEET ROOT GUM v. Gums. 

BEHENIC ACID CaaH.40, is said to be 
present as a glycer.de m oeu oil (q.v.). The 
fatty acid orepared from the oil melted at 80®~ 
82® and solidified at 7C® 79® (J. pr. Chem. 1894, 
61). The acid prepared synthetically from 
erucic acid has m.p. 83®- 84®, and solidifies at 
77®-i79® ; b.p. (60 mm.) 306® (Talanzcff, J, pr. 
Chem. 1895, 60, 71). It forms acicular crystals, 
soluble in alcohol (0*102 p.c. at 17°) and other 
(0*1922 p.c. at 16®) ; m.p. of ethyl ester, 48®- 19®. 

A method of detecting rape oil in olive oil has 
been based on the hydrogenation of the liquid 
fatty acids, and separ^ion of the behenic acid 
formed from the orucic acid ( Biazzo and Vigdoreik, 
Annali Chim. Appl. 1916, 6, 185). C. A. Mje 

BELLADONNA. (Fr. Belledame,) The 
Atrapa belladonna (Linn.), or deadly nightshade. 

A poisoiiqus plant of the Solanacece order. 
Employed in ^ediciifts as an anodyne, &c., and 
for dilating the pupil, ^'he name appears to 
have been derived ^om the circumstance of fls 
empl<%rment in ah Italian cosmetic. Its 
jihysiological action is due to Wropine, 

BELLITE. An e.xplosive prepared by mixing 


a nitrate with a nitro- oompouiid such as dinitro- 
benzene, trinitronaphthalene, or nitrotoluene, 
and then subjecting the mixture to a temperature 
of from 50^ to lOO* (Eng. Pat. 13690, Nov. 10, 
1885; V. Explosives). 

BELLITE. This name has also been used 
(W. F. Petterd, 1905) for an incompletely 
determined mineral, described as a chromo- 
arsenate of lead, and occurring as bright-red or 
yellow velvety tufts, or as powdery encrustations, 
at Magnet in Tasmania. L. J. S. 

BELL-METAL. An alloy of copper and tin 
used in the manufacture of bolls. Contains from 
3 to 4 parts of copper to 1 part of tin. 

BELL METAL ORE v. Stannitx. 

BENGALINE v. Azo- colourixo matters. 

BENGAL LIGHTS. Those fires may be made 
by mixing potassium chlorate, carbon, antimony 
sulphide, strontium nitrate, &c., together in 
suitable proportions ; but ail such mixtures of 
potassium chlorate and sulphur are dangerous 
from their tendency to inflame spontaneously 
owing to sulphur frequently containing sulphuric 
acid. Saunders suggests that 120 grains of 
potassium bicarbonate should ba. added to 
each pound of sulphur to neutralise the free 
acid. 

An improvement in the manufacture of 
Bengal lights has been suggested by Chert ier 
(Wagner’s Jahr. 24, 464 ), who obtains a smokeless 
and odourless fire by melting shellac and adding, 
with continuous stirring, the nitrate. The pro- 
portions given are : for red fires, one part of shellac 
to five of strontium nitrate; for green, one of 
shellac to five of barium nitrate; and for yellow*, 
one of shellac to three of sodium nitrate. They 
burn slowly, and are well adapted for theatres, Ac. 

C. Schmidt has patented (D. R. P. 34020, 
1885) the following process. From 1 to 10 
grams of magnesium dust are added to 100 
grams of collodion, and 3 grams of barium or 
strontium chloride are added. On evaporation 
of the ether, thin plates are obtained which bum 
with great brilliancy. 

Another formula recommended by a German 
firm is, for white fires, to fuse one part shellac 
with SIX barium nitrate, grind and mix with 2*6 
parts magnesium pow*dor. For red fires, five 
parts strontium nitrate is used instead of the 
barium nitrate. These mixtures can be made 
into ribbons or charged into thin zinc tubes so as 
to make torches (Dind. poly. J. 256, 518). {See 
also Flash lights; Pyrotechny.) 

BENITOITE. This interesting mineral is 
an acid titano-silicato of barium BaTiSi|0g, 
and forms beautiful sapphire-blue, transparent 
crystals suitable for cutting as gems. The 
ci^stals afford the only known example (except 
AgaHP04 (H. Dufet, 1886)) of the ditrigonal- 
bipyramidal class. Sp.gr. 3*64-3*67 ; H. 6|, 
The dichroism is intense, the ordinary ray being 
colourless, and the extraordinary ray greenish- 
blue to indigo-bluo. The mineral was first found 
(and described by G. D. Loudorback) in 1907, 
near the source of the San Bemto river in Saii 
Benito Co., Calif omia, the crystals occurring 
embedded in natrolite veins traversing schistose 
rocks. L. J. S. 

BENJAMIN, GUM, v. Balsams. 

BEN OIL, Behen Oil, » i^^^ained from the 
Beed% of the Ben nul, from Moringa ptei^go- 
sperma (oltt/era) and Moringa aptera (Gart). 
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The Moringa trees are indigenous to India, 
Arabia, and Syria, and were introduced to 
Jamaica from the Eaet Indies in 1784. Moringa 
fierygosperma has also been found in Northern 
Nigeria and Dahomey. Ben oil has a slightly 
yeliowjsli colour, is odourless, and has a sweetish 
taste. The oil consists of the glycerides of 
oleic, palmitic, and stearic acids ; it also con- 
tains a solid acid of high melting-point, which, 
according to Volcker (Annalcn, 64, 342), is 
identical with behonic acid (m.p. 76®) ; though 
possibly this acid may be arachidic acid. In 
the East, ben oil is used for cosmetic purposes, 
it is also employed in the ‘ maceration ’ process 
for extracting perfumes from flowers. In the 
West Indies the oil is used for edible purposes. 
Jamaica oil, from which any solid deposit has 
been separated by flltratioii, is used for lubricat- 
ing watches and other delicate machinery, for 
which purpose it is particularly suitable owing 
to its not readily oxidising when exposed to the 
air. This property is in accordance with the 
low iodine value of the oil. A genuine sample 
from Jamaica, examined by Lewkowitscli 
(Analyst, 1903, 28, 343) gave the following 
results : sp.gr. at 16®, 0*0127 ; iodine value, 
72*2 ; iodine value of liquid fatty acids, 97*63 ; 
and butyro-refractoracter reading, 50*0®. The 
low iodine value of the liquid fatty acids indicates 
that fatty acids more unsaturated than oleic acid 
were only present in small proportion. Com- 
mercial samples of ben oil frequently have much 
higher iodine values (e.gr. 110), but the genuine 
character of these is open to question. J. L. 

BENZACETIN v, Synthetic drugs. 

BENZAL CHLORIDE. Benzylidene chloride, 
Benzidene chloride [v. Toluene, ('hlobine de- 
rivatives OP). 

BENZALDEHYDEC,H,iOorC,H« CHO. J3e»- 
zoic aldehyde. Benzoyl hydride. Ethereal, or 
volatile, or eeeerUtal oil of hitter almonds. Essence 
of hitter almonds. {Aldehyde henzo'ique, Fr. ; 


either by blowing in superheated steam, or, 
less advantageously, over a Are, in ivliich care 
mechanical stirring must be employed to prevent 
the charring of the vegftaUe matter. The 
distillation is continued as long as the distillate 
appears milky. Most of the crude benzaldehydo 
separates as an oily layer under the aqueous 
distillate ; some, however, remains in solution 
and may be recovered by distilling the aqueous 
liquid, when the bcnzaldehyde passes over with 
the earlier portions. 

Michael Pettenkofer (Annalen, 122, 77) 
modifies the foregoing process as follows ; — 
12 pfirt.s of the coarsely powdered press cake are 
added to 100-120 parts of boiling water, stirring 
during the process, and the mixture is kept 
boiling for about half an hour. In this w'ay all 
the amygdalin is obtained in solution. The 
liquid is then allowed to cool ; 1 part of ground 
bitter almonds, suspended in 0-7 parts of cold 
water, is added, and after standing for 12 hours 
the whole is slowly distilled. According to 
Pettenkofer, the maximum yield of bcnzaldehyde 
is thus obtained, no amygdalin remaining unde- 
composed. Pclz, however, states (J. 1864, 654) 
that the yield of benzaldehydo in this process 
is no greater than is obtained by macerating 
merely the above-mentioned 1 part of ground 
bitter almonds with cold water and then 
distilling. 

The oil prepared by either of these methods 
contains hydrocyanic acid, from which it may 
be freed by fractional distillation, the hydro- 
lovanic acid coihing over with the first part of 
tno distillate. The hydrocyanic acid may also 
bo removed without distilhition by shaking the 
I oil with a mixture of milk of lime and ferrous 
i sulphate (Liebig and Wohler). The purest bon- 
I zaldehyde is obtained by shaking the orude 
product with 3-4 times its volume of a concen- 
trated solution of sodium bisulphite, washing 
, the crystals of the double compound 


Bittermandeldl, Ger.) Mortrfes show'cd, in 1803, 
that, in addition to the fatty oil, a volatile 
oil could be obtained from bitter almonds ; but 
pure benzaldehydo was first isolated, its compo- 
sition determined, and its reactions studied, by 
Liebig and Wohler in 1837 (Annalen, 22, 1). 
Benzaldehydo is not contained, as such, in bitter 
almonds : it is produced by the action of a 
soluble ferment, emulsin (also termed synaptase), 
present in the almond, on amygdalin C 2 on 27 NO|i. 
In this fermentation, which occurs when the 
bruised almonds are mixed with cold water, the 
amygdalin is hydrolysed, yielding benzaldehydo, 
together with hydrocyanic acid and glucose : 

C,oHa,NOn+2H,0 - C7H.0+HCN+2CeHi,0. 

If boiling water is used, the ferment is destroyed 
and the reaction does not take place. Poach 
kernels and kernels of other stone fruits contain- 
ing amygdalin also yield benzaldehydo. It 
occurs, ready formed, in the leaves of the cherry 
laurel {Prunus laurocerasus), of the bird cherry 
(Prunua padua), and of the peach {Amygdalus 
peraica). 

Preparation , — 1. From hitter aJmonda, The 
bitter almonds (or more rarely, peach kernels) 
are ground and thpn cold-pressed, to extract the 
fatty oil. TWpr^ oake is made into a thin' 
cream with cold water, introduced int^ a still, 
allowed to stand for 24 hours, and then distilled 


(C7H,0,NaHS(),),H,0 

with alcohol, recry sLallising th^m from water, 
and distilling thorn with a solution of sodium 
caibonato (Bortagnini, Annalcn, 85, 183 : 

Miillcr and Limpricht, ibid. Ill, 13()). 

2. From toluene . — ^At the present day benz- 
aldchydc is generally prepared artificially from 
chlorinated derivatives of toluene. The follow- 
ing are the chief processes that have been pro- 
posed ; — 

Lauth and Orimaux (Bull. Soc. chim. [2] 7, 
106) boil 1 part of benzyl chloride C«Hg*CHjCl, 

parts of lead nitrate (or copjier nitratfe), and 
10 parts of water with a reflux condenser for 
several hours, passing a current of carbon 
dioxide through the apparatus to prevent 
oxidation. JHaif the liquid is then distilled off, 
and the oil, wliich separates in the distillate, is 
rectified. The product, which consists mainly 
»of benzaldehydo, may be further purified by 
converting it into tho bisulphite compound. 

The Dow Chemical Co. (U.S. Pat. 1272522) 
heat benzyl bromide with an aqueous solution 
of calcium nitrate ol sodium tiitrate. The 
reaction takes place ^etwetn equimolecular 
iproportions of benzyl bromide and sodium 
nitrate, and the benzali3fchydc is praeiically a 
pure product. ^ 

H. Schmidt (D. R. P. 20909 ; J. Soo. Ohvn. 
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Ind. 274) chlorinates boiling toluene until 
it attains a qi.gr. of 1*175, when it consists 
easen^lly ol a mixture of 2 mols. of benzyl 
chloride with 1 moj. of benzal chloride. This 
product is boiled with six times its volume of 
water and a quantity of powdered black oxide 
of manganese containing two atoms of available 
oxygen to tho above molecular proportion. 
The reaction is suppoMMi to take pla<'e according 
to tho equation 

('.Hj (JlfCl, f 2MnO, 

2.MnC‘i, , fr/» 

The product is steam (hstiliod, and the aldchyilc* 
punned in the usual way. A mixturr) of Ixuizyi 
hromlde and benzal bnnnidi* may be substituted 
for the chlorine compourxis. 

Another method consists in iicating benzal 
cliloricle witli milk of lime luxlor pressure. 

OfH, (31IClj+Cu(01I)a=C,lVCH0+CaCl,+II,0 
According to KsiMuim-hicd (1). It. V. 47187). the 
paction takes place under ordinary pressures if 
iusoluble substanci's such as chalk or barium 
sulphate arc added along ^\ith the milk of lime, 
so as to pnaiiice an eimilsioti of the benzal 
chloride. 

E. Jacobsen (I). U. P. 11491 and 13127; 
Her. 13, 2013, and 14, 1426) heats benzal chloride 
with an <)rgam<' a< id (or an cthomal sfilt of an 
organic aciil) and a metallic chloride, oxide, or 
sulphbh*. 'I’liUH benzal chloride, when lioatcd 
on tho water- hath with acetic acid and a little 
zinc ehlonde, yields bcnzaldchyde, acetyl 
chloride, and bydro<*bloric acid ' 
Cglf|*CHCI,4CIl,*CO,11=sO«H5*CirO+CHa*COCl+HOl 
'riie acetyl chloride, owing to its much lower 
boiliqg-point, niny ho readily removed from the 
bonzaKlohyde by distillation. 

ilcnziildehyde can bo prepared by oxidising 
licnzyl aniline to benzylideno anibnc, w'hicli, 
on addition of no ids, splits into iKmzaldeliydo 
and luiilinc. For this purpose 100 kilos, of 
benzyl aniline, and from 600-1000 litrtis of 
waU-r are placc^l in a large rct«)rt fitUnl with an 
agitator; during agitation and boiling tho 
following mixture is gradually run in during a 
few hours ; j)otassiiim or sodium biohroinatc, 
no kilos; water, 2(K) lili-es, ucidulaicd ‘with 
hydrochloric acid (20® li.), 106 kilos, or its 
<x]uivalent of sulphuric acid ; distillation ensues, 
water and lion/aldchyile coming over. The 
nilrobenzaldehydes may bo obtained by sub- 
stituting the corraspoiiding nitrobenzyloniline. 
Another method consists in oxidising tho salt 
of the beiizy lam lino sulphonic acid to the 
benzylidono compound, and then treating it with 
tlio salt of on aromatic base, followed by hydro- 
ohlorio acid. The aldehyde is formed, and the 
oromaUo base can be recovered and used for 
another operation (Forb. vorm. Meistcr, Lucius, 
and BrOning. Eng. Pat. 10689 and 30118; 
1>. U. P. 110173; J. Soo. Chem. Ind. 1897, 
558, and 1899, 36). It has been prepared by 
passing a current of air charged with the vapour 
of toluene tlirough a chamber containing a 
oatalyeer such as oxide of iron, and heated 
between J50* and 300®^^ By substituting porous 
carbon for oxide of iron and using a higher 
temperature, benzoic acid may be obtained 
(Chavy,^lage, and^^iVoog, Pr. Pst. 879715; 
J. Soo. Chem. Ind. 1907, 1254% Ipatieff, Bcr. 
19C8, 90S). V . 


It has also been prepared by the oxidation of 
benzyl aniline, or bmzyl toluidine with chromic 
acid mixture or with potassium permanganate 
sohilion in acetone (D. -R. PP. 91503, 92084 ; 
Frdl. IV. 129, 131). 

It has also been prepared from phenyl 
magnesium bromide and orihoformic ester 
(Farb. vorm. Fried. Bayer & Co. J>. R. P. 
J67573 ; Chem. Zentr. 1905. i. .309). By using 
15 grams of magnesium, 100 grams of bromo* 
benzene, and (K) grams of orihoformic ester, a 
90 p c. yield can be obtained (Bodroux, Compt. 
rend. 1901, i. 92). Gatterrnan's adaptation of 
the Friwlel and Crafts reaction (Annalen, 1906, 
347, 347) lias also been employed for the pre- 
paration of Ixmzaldehydc. In this process 
Dcnzeno is condensed with hydrogen chloride 
and carbon monoxide in tho presence of alumi- 
nium cbloridc and cuprous chloride, the mixture 
of gases acting potentially os formyl cbloride ; 
ooiulonsation follow ing tho usual course (i>. R. P. 
126421) 

Cgff. ^-Cl ( KO^C.H. CHO l-HCl 

Schulze (1). B. PP. 82927, 8,6493) heats benzo- 
tricldondc at 26®-30® with some ferric benzoate 
or finely divided iron, water is then adde<], and 
the mixture warmed to 90®-95®. when hydro- 
chloric acid distils over. Tlie residue is decom- 
posed by milk of lime and distilled in a current 
of steam to obtaui the aldehyde. 

Owing to the fact that the product obtained 
frclhi the chlorinated derivatives of toluene 
frequently contains I'hloro- compounds, mcthocis 
have boon dcvi.sc>(l for the direct oxidation of 
tolueiio to the aldehyde. Hoschig (Chem. Zeit. 
1900, 24, 446) iisc^s manganese dioxide in the 
rowneo offfl6 p.e. sulphuric acid at 40®. .300 
ilos of toluene are mixed with 700 kilos sul- 
phuric acid, and 90 kilos finely powdered precipi- 
tated manganese dioxide are added, the whole 
being violently siiakon during the addition, 
and the temperature kept at 40®. AfWr com- 
pletion of the action tho bonzaldehyde and un- 
altered toluene are driven over and the aldehyde 
separated in the usual manner (c/. 1>. K. PP. 
101221, 107722). Tho liadische Amlin u. 

Soda-Fabrik use nickel and cobalt oxides, os 
oxidants (D. R. P. 127388), whilst the firm 
of Meister, Lucius, und Briining (D. R. P. 
158609) have suggested the use of cerium com- 
pounds. 

By passing a stream of carbon monoxide 
and hydrochloric acid gas (2:1) through a 
cooled mixture consisting of equal weights of 
aluminium bromide and benzene, and ^ their 
weight of copper chloride, a solid mass is ob- 
tained : this is decomposed by ice water, 
extracted with ether, and fractionated. The 
yield is 85-90 p.c. ( Reformatsky , D. R. P. 
126421; Chem. &ntr. HM)I, i. 1226; ii. 1372). 

Benzaldehyde lias also been prepared by the 
electrolytic reduction of benzoic acid or its salts. 
An electrode of finely divided graphite and 
benzoic acid is employed as the cathode of the 
cell, the anode being of lead or platinum. The 
solution in the cell is 20 p.a sulphuric acid, 
saturated with benzoic acid, the ennent used 
is l*ff amp. pw sq. dom.,« and 12-15 volts 
(MHhaok. I>, K P. 123554 ; Ckaoi. Soa Abstr. 
1902, 4 201). MetUer (Ber. 1908, 4148) uses a 
sodium-amalgam efeotrode ; and Hoeet (D. R. P. 



507 


BENZALDEHYDE. 


138442 ; Chem. Zentr. 1903, i. 370) electrolyses 
a. solution of sodium phenylaoeiate. 

A method has be«n described for purifjring 
benzaldchyde by dissolving it in sulphurous acid 
and precipitating the bisulphite comnound by 
^ddlng potassium chloride (Cliocu. Fab. (Iroi- 
eheim-Elektron, D. R. P. 1M499 ; Choui. Zontr. 
1004, ii. 905). 

Oihtr modes of formation. — BciiaaUlolude is 
also formed in the following reactions, uhich, 
however, are not of practical importance. By 
distilling a mixture of calcium benzonte and cal- 
cium formate (Piria, Annalen, 100, 103) ; by the 
oxidation of benzyl alcohol (Cannizzaro, Ann. 
Chim. Phys. [3] 40, 234) ; of cinnamic acid 
(Dumas and Peligot, Annalen, 14, 60 ; IJarnes, 
Ber. 1903, 1290); or of stilbcue (Harries, l.c.); 
by the reduction of bonzoic acitl, either with 
sodium amalgam in acid solution (Kulbo, 
Annalen, 118, 122), or by paasing its vapour 
over heated zinc-dust (Baeyer, Annah'ii, 140, 
296) ; by treating toluene ^uth chronijl cldorido 
and then with wat-er (Ftard, Ann. Chim. Phys. 
[5] 22, 225) ; by treating 1 molecule of be nzal 
chloride with slightly more than 2 molecules of 
acetic acid (Bchal, Compt. rend. 148, 179) ; 
by acting on benzopheiioneoxime with phos- 
phorus pcntasulphido, and decomposing the 
thiobenzanilido thus formed with boiling nlkoli 
an<l zinc-dust (Cuisa, Choin. Zentr. 1907, i. 28). 

ProperiiM. — Bcnzaldehydo is a colourless, 
strongly refractive lupiid with a pleasant aro> 
matio odour, boiling at 170^-180 , and solidi- 
fying at — 13*6® (Pictet, Compt. ren<l. 1J9, 
956 ; Altschul and Schneider, Zeitsch. physical. 
Chom. 1896,24); spgr.l 0604 16®/4®(Mcn(fclci IT, 
J. I860, 7). It IS soluble in 300 pa^t.s of water, 
and miscible in all proportions with alcohol 
and ether. It is non-iioisonous, the poisonous 
properties of ordinary oil of bitter almonds 
being duo to the presence of hydroc^'atiic acid. 
Its magnetic rotatory power has been studied 
by Perkin (J. Chom. hoc, 1896, 1064). 

Reactions — Benzaldchyde readily undergoes 
oxidation ; thus it absorbs oxygon from the air, 
forming bonzoio acid. The presence of hydro- 
cyanic acid {irotccts it from oxidation ; accord- 
ing to Dusart (Bull. Soc. chim. 8, 459), it is 
therefore usual to add hydrocyanic acid to 
artificial benzaldchyde. Taken internally, 
benzaldchyde is oxidised in the organism, re- 
appearing in the urine as hippune aci<i and 
beozamiao. Aqueous caustic potash converts it 
into benzoic acid and benzyl ab oiml 
2C,H,CHO*|-KOH=C,H.CO,K+(\IUCH,OI1 
When warmed with alcoholic potassium cyanide 
it is converted into benzoin 

CgH,CHOIfCO(^,ll, 

It forms crystalline compounds with the bisuU 
phites of the alknli metals ; thus : 

(C,H,0,NaHS(>,),H,0 

Under the influence of dehydrating agents, it 
readily undergoes condensation with various 
other substances ; thus when heated with acetic 
anhydride and dry sodium acetate it yields cinna- 
mio acid. ^ 

CtHf*CHO-l>Oll^*CO,HsCsH,*CH : CH‘COtH-l-H,0 
(Feihin, J. Chem. 8oc. 31, 389) ; cinnamiif acid is 
also obkdned from ethyl acetate and benzaldehyde 
(Gkisen, Ber. 1890, 976 ; Farb. vorm. Meister, 


Lucius and Briining, D. R. P. 63(171 ; Ber. 
1891, Ref. 180). It combines with hydrazine 
to form bcnzalazinc C, 4 H.|N,, which, on dis- 
tillation, yields sUIIkuio • (diphonyl-othyleno) 
( gUj-lTi : With dmethyhtiUtnc in 

prest'noe of zinc chloriilo it forma the compound 
( *H 4 f’H(t’ 8 H 4 *A’.Mc*)j, the Icuoo- base of 
bcnzaldehydo gri'cii which, by oxidation, is 
convcrhHl iiit<^ tiiat colouring matter (0. 
Fi4ohcr, Ber. II, 060). 

When hydrogenated in presence of nickel 
la‘tw'ocn 210® and 236“, beiiznldchydc yields a 
inixtim^ of Ikmizciic ami toluene, together with 
their hcxahydrulcs. Under other conditions it 
may Ih» nnhiccd by the catalytic act*®*! of 
metals and hyilntgcn to benzyl alcolioL 

With pyrogallol boiizaldchydo form.s dye- 
stuffs of the triphonylmctliaiic scries (llofmnnn, 
Ber. 1803, 1139), and w'lih chloracotopyrognllol 
a golden -yellow dyestul! (KiiSvSolkaul and 
Kostanccki, Bor. 1896, 1886). By heating 
bcnzaldehydo w'ilh a little sulphur in a sealed 
tulH>, stilbeno and bonzoio acid are fortnod 
(Barbnglia and Marquardt, Bor. 1891, 1881). 

Derivalwes. — 'I’lio most important derivatives 
are tho sulphonio acids, which are the {laront 
substances of various dyestnlTs (<}nehin and 
Schiilc, Annalen, 299, 347). Bonzaldohydo o- 
siilphonio acid (Kaf/i, Ber. 1801, 701 ; \Vallach 
and Wllster, Bor. 180.3, 160; Gnohm and 
SchUle. Annalen, 1808, 24 ; 1). R. P. 88962), 
Bonzablchyilo p-sulphonio arid (Ftirb. vorm. 
Siimloz, D, R. P. 161628; Chom. Zentr. 1904, 
li. 1269). 

Impurities and adulterations . — Benzs Idohyde 
very frequently contains hydrocyanic ^aoid, 
either originally ]>rcscnt or suWtjuentiy added 
(v. supra), and benzoic acid, formed by spon- 
tancouB oxidation. 'J'lu* nitiiieial product gene- 
rally contains chlorinaU'd bcnzaldcuydoH. Alco- 
hol, ethereal oils, and nitrobenzene are some- 
times fraudulently added ; tho latter substance 
resembles benzalclohydo in smclA 

In order to test the purity of a sample of 
benzaldchyde, the sp.gr. and boiling-point should 
liist iio determined, as both of tlii !.<)0 are altered 
by the presence of impurities. Tho substance 
should also diHsolvc wUliout residue in a solution 
of bodiuin bibulphit.e. 

Of tho impiiriluis above inontioiie<l, hydro- 
cyanic acid may be deteeb'd by distilling tho 
oil and thoo testing the first {lortions of the 
distillate by the Prusuiun-blue tost; ohlorine 
conifiounds, bv beating tho oil with iiirtallio 
sodium, when Kidium chloride will bo formed, 
in wdiich tho cldorino can l>o detected by silver 
nitrate, taking care, however, to distinguish 
bctwi'cn silver cldorido and silver cyanide, as 
this latter w ill bo formed if hydrocyanic acid or 
nitrobenzene is prcsonl^ alcohol, bv the iodo- 
form test ; and ethereal oils or nitrobenzene, by 
dissolving the sample in sodium bisulphite, 
when those admixtures remain behind. Bour- 
oin (Ber. 6, 293) tests for nitrobenzene in 
cnzaldebyde by mixing the sample with twice 
ita volume of caustic poAsh : ^ nitrobenzene is 
m-osent, the mixture turns green, and on adding 
Water the liquid forms tf|p layers, of which the 
under layer is yellow and the uppo# green, 
this latter tunflng red on standing for boom 
hours. ^ 

Estimation. — The reagent employed consists 
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of 1 c.o. of freehly redtotillod phenylhydrosune, 
0*6 C.O. glacial acetic acid dissolved in 100 c.o. 
distilled water, ^l^e liquid containing the 
beiLzaldehyde is heated on the water-bath for 
half an houTf set aside for 12 hours, and filtered 
through a Gooch crucible, dried over cone, 
sulphuric acid, and weighed. Weight of phenyl 
hy^azone X 0*5481 gives the amount of 
bcnzaldohyde present. Small quantities may 
be satisfactorily estimated by this method 
(Hdrissey, J. Pharm. 1900, 60 ; Dennis and 
Dunbar, J. Soc. Chem. Ind. 1099, 488), Another 
method consists in estimating benzaldehyde 
color^metrically with fuchsin decolourised with 
sulphurous acid (Woodman and Lyford, J. 
Amer. Chem. Soc. 1908, 1007). 

To estimate the presence of benzoic acid, 
60 c.c. of the sample are shaken with water 
and 10 c.c. N-sodium hydroxide, the excess 
alkali being then back titrated with N-acid, 
using phenolphthaloin as indicator. 
Substitution Derivatives of Benzai.dehyde. 

o-NItrobenzaldehyde. It may bo prepared 
by the oxidation of the dimercury derivative of 
0- toluene (Reissort, D. R. P. 180881 ; Chem. 
Soc. Abstr. 1907, i. 1040 ; Kalle & Co., D. R. P. 
109147 ; Chem. Soc. Abstr. 1900, i. 70) ; by 
the oxidation of o-nitrotoluene with manganese 
dioxide or by passing the vapour of the hydro- 
carbon over manganese dioxide heated to 210^- 
260® (Gilliard, Monnet and Cartier, D. R. P. 
101221 ; Chem. Zentr. 1890, i. /)00; Bad. Anil, 
u. Sod. Fab., Eng. Pat. 21947 ; J. Soc. Chem 
Ind. 1900, 892) ; by the oxidation of o-nitro- 
toluene with nickel oxide, nickel chloride, and 
hypochlorite (Bad. Anil. u. Sod. Fab., D. R. P. 
127388; Chem. Zentr. 1002, i. 160); by the 
oxidation of o-nitrobenzylaniline (q.v. benzalde- 
hyde) ; by the oxidation of o-nitrobenzylalcohol 
and its esters (Eug. Fischer, 1). R, P. 48722 ; 
Frdl. ii. 98 ; Kalle & Co., 1). R. PP. 104300, 
106712; Chora. Zentr. 1899, ii. 050; 1900, i. 
886) ; by the diydrolysis of o-iiitrobonzaldehyde 
diacetate, which is obtained by the oxidation of 
o-nitrotoluene with a mixture of acetic anhydride, 
acetic acid, and sulphuric acid (Thieloh and 
Winter, Aimalen, 311, 356 ; Fried. Bayer & Co., 
D. R. P. 121788; Chem. Zentr. 1901, ii. 70); 
or by the oxidation of the sodium salt of o- 
nitrophenylnitromothane by potassium per- 
manganate at low temperature in aqueous solu- 
tion (Soc. Chim. des Usines du Rh6ne, D. R. P. 
237368) 

3C,rf,(NO,)CH : N 00 Na+ 2 KMn 04 +H ,0 
-.3C,H4(N0,)CH0+3N«N0, +2S&0, +2KHO 

Properties. — Large yellow needles, m.p. 46®. 
When treated with acetone and caustic soda it 
yields indigotin (Baeyen Ber. 16, 2866). With 
methyl- and ethyl-annme or their sulphonic 
acids it condenses to form leuco-bases of blue- 
green tripbenyl methane dyestuffs (Clayton 
Aniline Co., D. R. P. 108317; Chem. Zentr. 
1900, i. 1081). 

m-NltrobdimUdehyde* It may be prepared 
by dissolving V voluAe of benzaldehyde in a 
mixture of 6 volumes of fuming nitrio acid, and 
10 volumes of sulpl^rio acid, precipitating by 
additi<A of water and leorystainsiiig 
<^ute alcohol (Widmann, Ber. l3, 078 ;^rtag- 
nmi, Annalen, 79, 260). 


Properties, — Pale-ycUow needles, m.p. 68® . 
It condenses with the sulphonic acids of the 
tertiaiy aniline bases to yield dyestuffs (Kalle A 
Co.. D. R. P. 73147, Fnfl ; iii. 86). 

p-NItrobenzaldebyde. It is prepared by 
similar methods to those by which the ortho- 
compound is obtained (D. R. PP. 91503, 92084, 
93539; Frdl, iv. 129); by heating p-nitro- 
benzylalcohol with copper oxide or other 
metallic oxides (Schmidt, D. R. P. 16881 ; 
Frdl. i. 00). 

Properties . — Colourless prisms, m.p. 106®. 
It condenses with benzene and its homologues 
by addition of sulphuric acid to form p-nitro- 
triphenylmethane (Stolz, D. R. P. 40340 ; Frdl. 
i. 68) ; with secondary and tertiary amines to 
form alkyl- and aryl- derivatives of p-nitro- 
diaminotriphenyl methane (0. Fischer, D. R. PP. 
16766, 16707; Frdl. i. 64) ; and with the sul- 
phonic acids of tertiary aniline bases (Kalle & 
Co., D. R. P. 73147 ; Frdl. iii. 86). The sul- 

E honic acid of p-nitrobenzaldehyde is prepared 
y the oxidation of p-nitrotoluene o-sulplionic 
acid, and from it blue and bluish-red dyestuffs 
of the triphenylmethane series are easily obtain- 
able (Green and Wahl, Eng. Pat. 21825 ; J. 
Soc. Chem. Ind. 1808, 915). 2.4-DlnitrobeilZ- 
aldehyde has been prepared by Sachs (Ber. 1902, 
35, 1228) by condensing 2‘4-dinitrotoluene with 
p-nitrosodimethylaniline and decomposition of 
the resultant product by acid 


(NO,),C,H,CHa-fNO-C,H4*N(CH,), 

=(N0|),0,H,*0H=NC,H4N(CH,), 

(NO*)»CJI,*CH«KCVl4N(CH,),-fH,() 

-(NO,),C,H,CHO-f-H,NC,H4N(CHa), 

Cl 


o-Chlorbenzaldehyde ^ ^ CHO. It is pre- 
pared by the oxidation of o-chlortoluene with 
manganese dioxide and sulphuric acid (Gillard, 
j Monnet et Cartier, D. R. P. 101221 ; Chem. 

; Zentr. 1899, i. 960), by extraction from the 
I products of the incomplete chlorination of 
! o-nitrotoluone (Kalle & Co., D. R. PP. 110010, 

! 116516; Chem. Zentr. 1900, ii. 460, 1168). 

Properties , — It is a liquid, freezing at —4®, 
and boiling at 20S® (748 mm.) ; sp.gr. 1*29 at 
8®. By heating with sulphite it is converted 
into benzaldehyde o-sulphonic acid (Geigy & 
Co., D. R. P. 88962; Frdl. iv. 113). It is 
easily condensed with aromatic secondary and 
tertiary amines to yield dyestuffs of the tri- 
phenylmethane group (Geigy & Co., D. R. P. 
94126 ; Chem. Zentr. 1898, i. 296). By sulpho- 
nation, 1:3: 6-chlorbenzaldehyde sulphonic acid 
is produced, which when condensed with 
secondary or tertiary amines and then oxidised 
yields greenish-blue or blue dyestuffs (Soc. 
Chem. Ind. of Basle, Eng. Pat. 25128; J. Soc. 
Chem. Ind. 1897, 137; Gnehm and Schiile, 
Annalen, 299, 347). 

m-Chlorbenzaldehyde. It is obtained from 
m-nitrobenzaldehyde by replacing the nitro- 
group by chlorine (Erdmann and Schweohten, 
Annalen, 260, 269 ; Eichengriin and Einhom, 
ibid, 262, 136). It oiystallises in prisms, m.p. 
17®, and boils at 213®. 

P'Chlorbeiizaldehyde, It* is ^psociated with 
the ortho- compound in most preparations, and 
may bb obtained from the mixture by sulpho- 
nating the ortho- compound by treatment with 
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faming sulphuric acid (Oesel. f. Ohem. Ind., 
D. R. P. 98229 ; Ghem. Zentr. 1898» ii. 743) ; by 
nitrating the ortho- compound with nitric and 
sulphuric acids, and steam -distilling the para- 
compound (Gesel. f. Chem. Ind., D. R. P. 
102745; Chem. Zentr. 1899, ii. 408); by frac- 
tional distillation (Farb. vorm. Meister, Lucius I 
and Bruning, D. R. P. 207,157 ; J. Chem. Soc. 
Abst. 1909, i. 307). It is a crystalline solid, 
melting at 47 ‘5°, and boiling at 213*’-214^. 

Of the dichlorbenzaldehydes the 2 : 5- and 
2 : C-dichlor- compounds are the parent sub- 
stances of many dyestuffs 2 : 5-dlchlorbenzalde- 
hyde (Gnchm and Bdnziger, Bcr. 1890, 87.'> ; 
Schiile, Annalen, 299, 34) melts at r>7°-r>S®, and 
is obtained by the action of antimony pontn- 
chloride on bonraldeliydo in the presence of 
iodine. 2 : 0-dichlorbenzaldehyde (Ami. Fabw 
und Ext. Fabrik., I). R. P. 199913 ; (3iem. Soc. 
Abstr. 1908, i. 980). Reduction of the nitro- 
benzaldehydcs yields the ammo-benzaldeliydes, 
of which the most important is the para- 
compound. This may also be prepared by 
heating p-nitrotoluene with sulphur and sodium 
hydroxide (Oeigy.D. R. P, 80874). Bayer & Co. 
(1). R. P. 2183041 separate the amino- bcnzaldo- 
hydos by reducing the crude nitro- compounds 
with hot sodium hydro.sulphitc solution, cooling 
to OO**, and acidification with hydrochloTic acid. 
The mixture is then boiled for one minute, and, 
on cooling, the anhydro-compound of the o- 
aminoaldohyde separate's, whilst the m-amino- 
benzaldohyde remains in solution, and can be 
recovered, and hence used for the jireparation 
of the w-hydroxybenzaldehyde. 71- Dimethyl- 
amino benzaldehyde (CHj),N C'eH4*C'HO is best 
obtained by Ullmann and Frey’s method (Ber. 
1904, 37, 859), in which p-diinethylsminobcnzyl 
alcohol (from dimothylaniUno and formaldehyde) 
is condensed with p-nitrosodimethylaniline, and 
the resulting compound decomposed by nitrous 
acid. It crystallises in colourless needles, 
melts at 73®, and is used in the preparation of 
triphenylme thane dyes. 

Hydroxybenzaldehydes {q.v.) Salicylaldehyde. 

BENZALDEHYDE GREEN v. Tri phenyl- 

METHANE COLOUHING MATTERS. 

BENZALDEHYDE-0 SULPHONIC ACID 

SO,H 

<^^OHO 

The moat technically important member of the 
group, is obtained by heating o-chlorobenzeno- 
aldehyde with an aqueous solution of sodium 
sulphite under pressure at 170®-180®, and 
treating the product with sulphuric acid. When 
the sulphur dioxide is expelled by boiling, the 
cooled liquid is neutralised with sodium carbo- 
nate, and the sodium salt extracted with alcohol. 
Or the sulphonic acid may be converted into 
the sparingly soluble barium salt (Gcigy & Co., 
D. R. P. 88952). 

The free acid is a syrup ; the sodium and 
barium salts crystallise in prisms (Gnehm and 
Schiile, Annalen, 1898, 299, 347). 

The acid may also be prepared by oxidising 
stilbene disuiphonic acid with potassium per- 
manganate (l^vinstein. Eng. Pat. 21969, 1897). 

BENZAMIC AClDv. AiaNO- acids (aromatic). 


BENZANTHRONE, 



Prepared by heating a mixture of anthranol 
with sulphuric acid and glycerol at 120®, 
treating the product with water, washing the 
crude substance with sodium hydroxide solu- 
tion, pressing, and drying. May be prepared 
from anthracene by treatment with sulphnrio 
acid and glycerol (Badische Anilin und Soda 
Fabrik, D. R. P. 17f>019) ; and by condensing 
anthranol with acetin, or 2-aminoanthraquinone 
with dichlorohy drill {idem. D. R. P. 204354) ; 
or by heating phenyl -a- naphthyl ketone with 
aluminium chloride or ferric chloride. For 
other syntheses, v. Schaarschmidt and Korten, 
Ber. 1918, 51, 1074; Schaarschmidt h\d 

Georgeacopol, Ber. 1918, 51, 1082 ; r. Ketonbs. 

Orystaflisod from alcohol benzanthrono forms 
pale vellow noodles, m.p. 170®. Used in the 
manufacture of indanthrene dyes (.<«ee Benzan- 
thronc (Colours, art. Indanthrene). 

BENZAURIN t*. Aukin. 

BENZENE AND ITS HOMOLOGUES. 

Benzene. (Benzol, Benzole, Fr. ; Benzol, 
Ger.) The name of this substance was derived 
in its original form from that of gum benzoin, 
probably as he\zoin cietim, hcnco benzole, which 
latter form is still in use amongst nearly all 
distillers and users of it both in this country and 
on the Continent. In more strictly s^entific 
literature, however, the name benzene has now 
become generally accepted, and the systematic 
termination -ene is employed in the names of 
its various homologuos, as toluene, xylene, 
cymeno, &c. 

Pure benzene is a limpid, colourless, highly 
refracting liquid at ordinary tqpiperatures. Its 
sp.gr. at 0® is 0*8991 (Kopp), 0*90023 (Adriaansz), 
and at l.'i® 0*8841 (MendoMeff). 

Us refraction index for the D line at 16*2® is 
I *4957 (Adriaansz) ; at 9°, I *4693 for A, 1-5060 for 
D, l*.)037 for H (Gladstone); at 8*5®, 1-60381 
for If a (Perkin, Chem. Soc. Trans. 1900, 77, 
273). 

When surrounded by ice it becomes solid, 
and if crystallisation is allowed to take place 
slowly, rhombic crystals arc produced, the 
axes of which, a, h, c, are 0*891, 1, 0*799 (Groth). 
The solid melts at 5-483® (Richards and Shipley, 
J. Amer. Chem. Soc. 1914, 30, 1825). 

It contracts on solidification, the difference 
in the specific volume of the liquid and solid 
is between 0*1219 and 0*1304 at 6*35® 
(Heydweiller, Ann. Plfys. Chem. 1897, (iii.) 61, 
627). 

It exhibits no absorption lines or bands in 
the visible portion of the spectrum. Beyond 
H, however, photographs show a series of 
four bands covering the region lying between 
W.L. 3171 and 2190 teftth-mc^res. The methyl- 
ated benzenes, toluene, and the three xylenes 
^exhibit a similar absoix^on, requiring indeed, 
very oareful measurement to distin^sh one 
from the oth^ (Hartley, Chem. Soc. Tittns, 
1885, 47, 686; Proc. Boy. Soc. 1908, 8 O; A, 
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102; Hartley and Dobbip» Chem. Soc. Trans. 
J898, 73, 696; Baly and Collie, ibid. 1906, 87, 
1332$ Friederichs, Zeitsoh. photochem. 1906, 
3, 164 ; Grebe, ihidf 376 ; Mies, ibid. 1909, 7, 
367 ; 1910, 8, 287 ; Witte, ibid. 1015, 14, 347 ; 
MasBol and Fauoon, Oompt. rend. 1018, 166, 
810). 

Benzene is an excellent solvent, easily dis- 
solving caoutchouc and asphaltum, if they have 
not been exposed to light, though the protective 
effect of the light on the asphaltum is but slight, 
and prolonged treatment with benzene oauses 
it to dissolve. Nearly all the gum rosins, sul- 
phur, {ihosphorus, fats, oils, most of the natural 
alkaloMs, and many other organic compounds, 
are soluble in it. It has also, in cominon with 
carbon disulphide, the property of dissolving 
iodine with production of a violet solution. 

Benzene is itself soluble to a very slight 
extent in water, considerably more so in alcohol, 
whilst ether, glacial acetic acid, acetone, and 
carbon disulphide, dissolve it readily. 

* Benzene boils under normal pressure at 
80*36® (Regnault). For benzene from coal tar, 
Adriaansz found 80*63® to 80*62® ; and for that 
obtained from benzoic acid prepared from gum 
benzoin, 80*60® to 80*67® ; 80*2® (corr.) Thorpe 
and Rodger. Its specific heat at temperatures 
between ~186® and +20® is 0*176 (Nordmeyer 
and Bomouilli, Ber. Deut. physikal. Ges. 
1907, 5, 176) and at 94® is 0*4814 (Schlamp, 
Ann. Phys. Chem. 1896, (iii.) 68, 769). The 
latent heat of vaporisation is 94*37 (Griffiths 
and Marshall, Phil. Mag. 1896, (v.) 41, 1) or 
94*93 (Campbell Browiv, Chem. Soo. Trans. 1906, 
87, 265). 

For observations on its thermal expansion, 
ace Kopp (Jahr. 1847-1848, 66), Louguininc 
(Ann. Chim. Phys. 4, 11, 466), Adriaansz (Bull. 
Soo. ohim. 20, 1873). 

The vapour when inhaled produces giddiness 
and ultimately insensibility. 

Benzene forms with picric acid the molecular 
compound Ce^(NOa)sOH,C«H„ which molts 
with decomposition at 90®. 

Oxidising agents, such as potassium per- 
manganate or manganese dioxide and sulphuric 
acid, convert it into formic, propionic, and oxalic 
acids, together with small quantities of benzoic 
and phthalio acids, the latter substances being 
produced by the simultaneous oxidation of 
formic acid and benzene, 1)he process of condensa- 
tion resembling that occurring in the conversion 
of dimethylaniline into methyl violet. When 
strongly heated in sealed tubes or when passed 
slowly through strongly heated open tubes, con- 
densation and decomposition go on together, 
acetylene, diphenyl, diphenylbenzene, Ac., 
being formed with evolution of hydrogen and 
deposition of carbon (c/. Smith and I^wcock, 
Chem. Soo. Trans. 191S^, 101, 1463; Zanetti 
and Kgloff, J. Ind. Eng. Chem. 1917, 9, 360). 

There can be little doubt that toluene and 
xylenes can also be produced in this way, and 
since Berthelot has shown that toluene and 
xylene when«pa8sed through stroi^y heated 
tubes can produof anthfioene and naphthalene, 
and sinoe he also obtained anthracene by so 
treating a mixture of ^nzene and ethylene, we^ 
may amme that if benaene is the mother 
suMtanoe of the whole series <A' hydrocarbons 
obCained from coal tar. it is yet capable. 


under proper conditions, of generating all the 
others^ 

Vi^ur of benzene mixed with hydrogen 
passed over finely divided nickel heated to 
170®-190® yields cyclohexane CgHn. The homo- 
logues of benzene behave similarly. 

By passing dry ammonia through benzene 
containing calcium shavings a calcium-ammonia 
compound Ga(NH|)4 is formed, which with the 
benzene produces dthydrobenMne C^Hg : 

Ca(NH,)4=Ca(NH,),+2N,H+H, 

Hg+C4H4=C4Hg 

(Dumanski and Zvereva, J. Russ. Phys. Chem. 
Soo. 1916, 48, 994). 

When chlorine acts on pure benzene in 
sunshine, benzene hexachloride C4H4CI4 is 
formed. The substitution of chlonne for 
hydrogen in the nucleus or benzene ring is a 
very slow operation if chlorine alone is used, but 
if in every litre of benzene about 10 grams of 
iodine are dissolved, and the liquid kej^t boiling 
while a brisk current of chlorine is passed into 
it, substitution readily takes place and chlori- 
nated benzenes are produced. The reaction 
may be continued until the whole of the hydrogen 
is replaced with production of hexachloro- 
benzene CjOIg. (For the electrolytic chlori- 
nation of benzene and toluene, see Name and 
Maryott, Amer. J. Sci. 1913, (iv.) 36, 163 ; 
Fichter and Glantzstein, Ber. 1916, 49, 2473). 
Corresponding bromine and iodine compounds, 
and mono- and p-di-fluoro- derivatives are 
known. 

When subjected to the action of strong nitric 
acid or a mixture of nitric and sulphuric acids, 
substitution of hydrogen by NO| takes place with 
great ease. If the mixture is kept cool only 
mononitrobenzene is formed, but if heated, 
the three dinitrobenzenos are produced, the 
metadinitro- product (m.p. 89®) always greatly 
predominating. The ortho- and para- com- 
pounds can only be produced in quantity by 
indirect methods. Trinitro benzenes can only 
be obtained by the action of a great excess of a 
mixture of nitric acid and fuming sulphuric acid. 

All the nitro- compounds on reduction with 
appropriate reagents, such as iron, zinc, or tin, 
in the presence of acid, preferably hydrochloric 
and water, yield amino- compounds corre- 
sponding with the nitro- compound reduced. 
Such are aniline CeHi’NH,, the three dia- 
minobenzenes or phenylenediamines 
C4H4(NH,)„ &c. 

The amino- compounds, by the action' of 
nitrous acid or nitrites in the presence of an 
excess of acid, preferably hydrochloric, are 
converted into diazo- compounds. If a diazo- 
benzene salt, e.g. C4H4*N|C1, is dissolved in 
absolute alcohol, and the solution heated, the 
nitrogen is evolved as gas whilst benzene is 
regenerated. If a diazo- salt is oissolved in 
water and boiled in the presence of an acid, 
nitrogen is also evolved and the corresponding 
phenol is produced. 

The diazo- compounds react with certain 
amino- compounds or phenols, giving rise to the 
almost innumerable series of dyes known as azo- 
colouring matters {q.v.). Solutions cooled with 
ice should be employed, and all rilb of tempera- 
ture miist be oarawy avoided. Under proper 
oonditiona some diaM- eomnoands. however. 
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attack the amino- group of amino- compounds, 
forming diazoamino- compounds such as diaKo- 
aminob^zene O^Eg'N : N'NH'CgHg. Th^ can 
be made to undeigo an isomeric change resulting 
in the formation of what are known as aminoazo- 
compounds, of which aminoazobenzeno 
C.Hj N : N C.H^ NH, 

is a typical example. Such substances, when 
treated with a reducing agent, split up into an 
amine and a paradiamine, while diazo- com- 
pounds yield hydrazines only, and diazoamino- 
compounds a mixture of a hydrazine and an 
amine. 

If the nitro- compounds are submitted to the 
action of alkaline reducing agents in alcoholic 
solution, such as a mixture of zinc-dnst and 
alcoholic soda, the reaction takes a different 
course altogether. The action of alcoholic soda 
and heat ulono will convert mononitrobenzene 
Into azoxybenzene CgHg’N ! ; this, by 


nascent hydrogen, is converted into azobenzene 
CeH^’N : N*C,Hg, which under the action of the 
same reagent is still further reduced to hydrazo- 
benzene The latter, when 

treated with an acid, is converted into a salt of 
benzidine ( paradiaminodipheny 1 ) 

which is a strongly basic compound isomeric 
with hydrazobenzene. 

When heated with concentrated sulphuric 
acid or treated in the cold with solutions of 
sulphur trioxido in sulphuric acid, sulphonio 
acids are produced by substitution of HSOg for 
hydrogen. These are either mono-, di-, or poly- 
Bulphonic acids, according to the treatment 
adopted. They are all powerful acids, and 
form well-defined and generally well-crystallised 
salts with sodium, potassium, and ammonium, 
and equally definite, though less easily crystal- 
lised salts with calcium, barium, copper, iron, 
etc. These, especially the sodium or ^tassium 
salts, if fused with caustic potash or soda, or 
heated under great pressure (40 atmospheres) 
with aqueous soda or potash, are decomposed 
with production of a sulphite of the alkali metal, 
and conversion of the* benzene residue into 
the corresponding hydroxy- or phenolic com- 
pound. 

Only the methyl homologues of benzene will 
be considered here, as these are the chief ones 
which occur in coal-tar. 

The monomethyl derivative is known as 
foluene, and under all treatments behaves as a 
completely homogeneous substance. 

The dimethyl derivative is known as isyUne, 
the substance of that name occurring in coal 
tar, which occurs as tliree isomeric compounds : 
Orthoxylene, boiling at 341®-142®, which, when 
gently oxidised with weak nitric acid, dves a 
toluic acid melting at 102 ® ; metamlene,DoiliDg 
at 139®, which gives a toluic acid melting at 
106®: faraxylene, meltiim at 16®, and boning 
at 136®, giving a toluic acid melting at 178®. 

Each of these different xylenes is, however, 
absolutely^ identical in percentage composition, 
and this isomvnsm is considered to be due to 
the emfiguration of the molecule, or, i% other 
words, to the positions in space occupiM rda- 


' tiveJly to each other, ojid to the benzene residue, 
by the two substituting molecules. 

This method of regarding the coxistitution of 
benzene and its innumorame series of deriva- 
tives is usually, for purposes of discussion, in- 
vestigation, or explanation, represented h\ 
drawing a hexagon to represent the molecule of 


benzene, the six angles representing the six 
groups of CPI at any of which substitution is 
supposed to take place. Since only one mono- 
substitution compound of a given kind (t.%. con- 
taining a given substituting group) is known, all 
the six CH- groups in benzene are supposed to bo 
of equal value. The fact that disubstitution 
compounds exist in three distinct isomeric modi- 
fications (compare the abovo-incntionod xvlencs), 
is explained m this scheme by the following 
suppositions as to the relative positions oocup|ea 
b}' the substituting groups, ^irst, substitution 
is supposed to take place at two adjacent angles, 
e.g, 1 and 2, 2 and 3, 4 and 6, &c., in which 
case the word ortho- is prefixed to the name of 
the substance, as orthodimothylbenzene (com- 
monly called orthoxylene), or orthodiohloro-, 
orthodibromo-, or orthodiamino-benzene, etc. 
Or the substitution is Bupx>osod to take place at 
two angles not adjacent, but with one inter- 
posing, as at 1 and 3, 2 and 4, or 1 and 6, etc. 
In this case the jiroduct is indicated by the prefix 
meta-, as metadimethylbenzone (commonly 
called metaxylene, &c. l^astly, the substitution 
is supposed to take place at opposite angles, such 
as 1 and 4, 2 and 6, 3 and 0, etc. In sucl^ case 
the Bubstanoe is known as a para- compound, as 
paradimothylbenzone,or paraxylcne, paradinitro 
benzene, etc. 

This theory is due to Kckule, and satisfac- 
torily agrees with most of the phenomena. 
(For a r&iumi of work on the constitution of 
benzene. Ate Kauffmann, Che^. Zeitschr. 4, 
289; HoUeman, Chem. Wcekblad, 1915, 12, 
440.) 

Toluene and xylene generally react under 
similar conditions in the same way as benzene, 
producing a similar series of compounds. Since, 
however, toluene itself is a mono- substituted 
benzene, mono- substituted toluenes are really 
di- derivatives of benzene. For instance, there is 
but one mononitrobenzene, but there are three 
mononitrotoluenes. There are three dinilro- 
and three diamino- benzenes, but there ve six 
dinitrotoluenes and six diaminotoluenes, and 
BO on. 

^ It is to be borne in mind that in all substi- 
tution derivatives higher than the di- substitution 
series, the number of possible modifications is 
greater when the subAituting grojup are dis- 
similar than when they are afi alike; thus, 
although there are only three isomeric tri- substi- 
tution compounds of the formula OcHgX's or 
C.H.T'., there are six such compounds of th« 
formula * 

It follows that the j;)rlene%being di- deriva- 
tives, their mono- are tri- derivatives of benzene, 
%nd coDsei^uenriy oorre^nd in number with 
the di- derivatives of toluene. • 

The introduttion of the methyl group, more- 
over, permits of another kind of substitution 
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which gives rise to a totally different class of 
compounds from those described above as con- 
figurational isomerides, in which substitution 
takes place not in thn benzene nucleus^ but in the 
methyl group itself. Such substitution is said to 
be extra-nuclear. 

Thus, as mentioned above, there are three 
substances having the formula CgHjo knoum as 
ortho-, meta-, or pcira-xylene. These isomorides 
are represented as dimethyl benzenes of the 
following configurations : — 

OH, CHj OH, 

OoK. 0 

but there is another CgHjo only known to occur 
in one form, and always behaving as a mono- 
derivative of benzene ; this is ethylbenzene 

^ OH, -OH, 

0 . 

Just as in this case a methyl group has been 
introduced into the methyl instead of into the 
nucleus, so chlorine, bromine, &c., may be in- 
troduced, and in this manner such compounds 
as benzyl chloride C,H,‘CH,C1, the di- or tri- 
chloride, benzaldehyde, and many others are 
formed. „ 

The physical properties of toluene greatly 
resemble those of benzene. As solvents, there 
is little or no difference in their powers, and 
thou^ the boiling-point of toluene is so much 
higher than that of benzene, yet in a current of 
air at ordinaiy temperatures it evaporates nearly 
as quickly. 

Toluene is a colourless limpid liquid which 
solidifies at —04*2® (Ladenburg and Kriigel, 
Ber. 1899, 32, 1818) or —97® to —99® (Archibald, 
and Mclntoshf J. Amer. Chem. Soc. 1904, 26, 
305). Its specific gravity is less than that of 
benzene, being at 0® 0*882, at 15® 0*872, its 
index of refraction at 26*6® is for A 1*4709, 
D 1*4794, H. 1*5090 (Gladstone and Dale), at 8*5® 
for Ha 1*49891 (Perkin). 

Toluene boils constantly at 111®, 110*56® 
(corr.) (Thorpe and Rodger) ; the vapour has 
much the same physiological effects as that of 
benzene, but its odour is decidedly less pleasant. 
If ingested into the stomach, it is eliminated 
in the urine as hippuric acid. 

Of the three ^hnea the meta- is chiefly used 
in commerce. Orthoxylene boils at 141®--142® 
144*07® (corr.) (Thorpe and Rodger). Metaxy- 
lene boils at 139®, and its specific gravity is 
0*8668 at 19®, 138*8® (corr.) (Thorpe and Rodger) ; 
sp.gr. 0*8812 (Pinette). Paraxylene boils at 
138®, and at 19® its sp.gr. is 0*8621, 138*23® 
(corr.) (Thorpe and Rodger) ; sp.gr. 0*8801 
(Pinette). The two former are liquid at all 
temperatures down to at least —20®, but para- 
xylene beooeies solid when exposed to a freezing 
mixture, and u^en dhee frozen it only melts 
at 15®. 

The xylenes are ^stinctly less volatile tha9i 
toluen#and benzene in an air current. The 
sgtell of the vapours is unpleacAnt and pungent. 


and they possess the power -of producing un- 
oon^ousness when inhaled. 

Both benzene and toluene, when prepared 
from coal tar are accompanied by sulphur com- 
pounds known as thiophene. That derived from 
benzene, no doubt by the action of sulphur from 
the pyrites of coal at a high temperature during 
distillation Jn the gas retort, is represented by 


the formula C4H4S or 



It was isolated in 1882 by V. Meyer, who 
obtained by constant and repeated agitation 
with sulphuric acid about 2 kilos from 2()()0 
kilos of commercial benzene. It is a colourless 
liquid, boiling constantly at 84® ; sp.gr. at 15® 
1*190. In many of its reactions it behaves 
exactly like benzene. V. Thiophbkt. 

Two thiotolens con*esponding with toluene, 
i.e. being methylthiophen, are known. They 
both boil at about 113* sp.gr. 1*0194. The very 
minute quantity in which these subst^ces occur 
renders them of no industrial importance, even 
as impurities. 

Benzene was first isolated by Faraday in 
1825, in the liquid separating from condensed oil 
gas. 

It is unnecessary hero to describe the pro- 
cesses by which Mitschorlich, D’Arcet, K(^p, 
and many others obtained benzene, as the mrst 

E ractically industrial process was that of Mans- 
eld, founded entirely at first on Faraday’s, and 
dealing with a similar product as the source, 
namely, coal tar (Mansfield, Quart. Jour. Chem. 
Soc. 1848, 1, 244). Mansfield took the lower 
boiling portion of coal tar, which was then used 
under the name of naphtha for lighting purposes, 
and distilled it over a flame in a stiU provided 
with a jacketed head and a simple form of 
dephlegmator made by connecting the upper 
part of the condensing worm with tne still body 
by an inclined tube. The water in the jacket 
round the long egg-shaped head partially con- 
densed the vapours rising from the boiling fluid 
until it reached a temperature of 100®, when those 
vapours condensable at that temperature were 
alone affected and returned to the still, those 
requiring a lower temperature pa.ssing on to the 
worm, and being condensed and collected. Much 
of the spray carried upward by the vapours was 
stopped in the head, and what passed it and was 
condensed in the connecting tube between the 
still head and the worm flowed into the inclined 
tube, and found its way back to the body of the 
still. Finally, when nothing more oomd pass 
the boiling water in the jacketed head, this in- 
clined tube, on a cock being fully opened, which 
during the first part of the process was partially 
closed, could be made use of to distil over the 
higher boiling portions. 

Such an apparatus could, of course, only effect 
^ a rough separation of the oil into a * benzol ’ 
mainly distilling below 100® and a ’naphtha,’ 
most of which would not distil below 100®. 

H, however, the water of the water jacket 
round tiie head were carefully kept at a stated 
temperature, say 80®-82®, a much purer product 
could be obtained. For some years the process 
was only carried out with 13he object of getting 
oils for the Read Holliday Iamp^*and for the use 
of rubber manufacturers. 
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kt Still body, fi, Analysing column, c, Cr oler kept at temperature of distillate vented. P, Gonduaser for 
pure distillate. £. Vase ii^o which distillate flows, r, dutomatic regulator. 
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with ik CJa ftetifii, ft &#. #!' '^iih 
Id c*«. #1 nftrifl kW mgfe •• ■ 

bottle, Iho acaJ hIvs;!.; a.-u-. ■ ly s, h. , ! . •■ 
and renssun (psitc 'i 1 . i.e-i s s 


has licon properly separated from the ci’udo 

th^oacHl has been run off, a W'ashing with enough 

todir iftilifcifin lo neiitrftlis# txe©M of ftoid ftiad 
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CbenL Eng. 1917, 16, 250 ; Jonea, J. Soo. i facture in l$i7 from coal-tar benzene. The 
Chem. InA 1918, 37, 324 ; Weiss, J. Ind. Eng. usual arrangement now adopted for its manu- 
1018, 10, 1000.) facture (see Eig. 4) is as follows : 

Nitration of Benzene, Toluene, efc.— Nitro- The nitrating pan has a total cap^ity of 

benzene first made appearance in the arts 1000 gallons, and is capable of treating 500 
under the name of essence de rnyrfmne, matiu- gallons or 4420 lbs. of benzol in one charge, 
factured in France by Collas. It was used to It is of cast iron, 1]^ inches thick, the sides, from 
scent soap and as a bittcr almond flavouring, the lid down to a depth of 3 feet, being j inch 
Mansfield had taken out a patent for its manu- ) thicker. The vertical agitating shaft is sus^ 



Fio. 4. 


A, Mhed-acid pan. O, Thermometer. 

D, Compre8«ed-alr pipe. H, Propeller aaltator. 

C, Sulphuric acid Inlet. J, Ijcaacoolmg-coils. 

D, Nitric acid Inlet. K, Supporting grids. 

E, Acld'Vapour pipe. fL, Cooling-water outlet. 

F, Nitrobenzene pan. M, do. do. do. 


N, Cooling'uater inlet. T, Nitrobenzene pipe. 

O, Do. do. do. U, Compressed-air pipe*. 

P, Compressrd-alr pipe. V, Waste-add pipe. 

Q, Water Inlet. W, Pipe to N. B. tank. 

B, Nitrobenzene washpan. X, Air-pressure egg. 

8, Pipe from egg. 


pended from the lid on bail bcariiigs, and carric.« 
two propellor agitators. The internal cooling 
pipes consist of two separate coils of thin lead 
pipe 2 inohn diameter, each coil being about 
150 feet long. 7%ey supported on circular 
cast-iron grates or tables, as shown. The coils 
are spaced out so a%to allow free passage ctf 
the liqnMl between them. To direct tne upward 
flqwof the liquid, the lower pro^Uor agitator is 


surrounded by a cast-iron cylinder with laigo 
perforations at the bottom to admit the dtscend- 
ing liquid. ThiSsServes also as a support for 
the grates and coils. Five hundred gidlons of 
pure benzol are first run by gravity into the 
machine. The acid-mixing ta&, wmeh stands 

. Thewitterfs 

indeb^ to Measrs. Davis Bros, for permJaaion to 
reproduce the sketch of the appaiatus. ^ 
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boT«, is chaig«d with 5000 Ibe. of nitric acid, 
'43 8p.gr. or 8o^w., and 6600 Iba. of sulphuric 
3id Of 06 p.0., and these are thoroughly mixed by 
ir aeitation. In some factories the acids are 
lixed in the above proportions in large stock 
inks. The mixed acid Is run in a thin stream 
ito the benzol, while the agitators hre revolving 
t a speed of about 60 revs, per minute. The 
eat of the reaction is indicated on a lone 
lermometer suspended in a metal tube, which 
Bases through the lid and dips into the liquid, 
he temperature is kept below 60" by checKinc 
le flow of acids if the temperature rises. With 
good supply of cooling water passing through 
tie coils, very little attention is required, and 
tie process, which a few years ago was attended 
dth danger and frequent loss, is now carried 
n almost automatically. This is principally 
wing to the purity of the benzol employe<l, and 
he use of internal cooling ooUs in place of the 
utside water-jacket. 

It is important that the coils should bo of 
nre chemical lead, without flaw, and beloro 
sing used, they should be examined minutely, 
oroe of these coils have boon known to work 
early 4 years continuously. The vertical 
ortions, connecting the coils with the exterior, 
lould be protected, as those are quickly 
btacked. This is done by * threading * thorn 
irough lead pipes of slightly larger diameter, 
ad mling up the intervening space with any 
sid-prooF cement. After the full charge of 
lixed acids has boon run into the machine, 
le amtation is oontinuoil for about 4| hours, 
ad the benzol will then l>e complct<dy trans- 
irmed into nitrobenzol. If a sample is then 
iken while the agitators are running, and 
Uow'ed to settle, the weak sulphuric (called 
'aste acid) will contain less than 1 p.c. of nitric 
Did, and the upper layer of nitrobenzol will 
ave a sp.gr. of 1*235. The agitation is then 
x>pped, and the contents of the machine 
[lowed to settle for 5 hours. The * waste 
aid,* having settled to the bottom, is run of! 
ito the air-prcasiire egg below, and blown to 
le sulphuric acid concentrating department to 
B rectifled. The nitrobenzol is next run of! 
ito the air-pressure egg and blown into the 
'ashing pan above, where it is washed by 
iolent air agitation with an equal volume of 
'ater containing sufficient sodium hydroxide 
> neutralise any trace of acid left in it. After 
ittiing a few hours the nitrobenzol settles to 
le bottom, and is run do\^7i into the air-pressure 
|n, and forced from there into a large store tank, 
iuoh is set at a high level, so that the contents 
ui run by gramy to the aniline machine, 
he wash-water, which contains a little nitro- 
enzol in suspension, is run into a series of 
)ttling tanks, and the oil recovered. Although 
• is possible to work a charge of benzol in each 
lacmne daily, it is customary to have a duplicate 
9 t of machines, and to work each machine on 
Itemate days. For an output of 160 tons of 
ure aniline oil per month, six nitrobenzol 
laohines are required, with their corresponding 
ijuncts, as shown in the figure. The yield of 
iirobenrol from the pure ^nzol employed is 
54} p.e. by weight, and this approaches so 
Bar w theovtioal yield, vis. 157 *6 p.o., that 
lere is little room for improvement.^ It is 
Dssible slightly to inorease this yiwi by 


I settling the waste aoid for 48 hours in a Berks 
! of tai^, and skimming ofi the nitrobenzol, 
I but in praotioe it has not been found to pay 
for the trouble, especially ifgthe previous separa- 
tion be carefully watched.^ Several plants 
have been proposed for the continuous process 
of nitration of benzene, the hydrocarbon and 
nitrating acid being led into the apparatus at 
certain points and the nitrobenzene emerging 
at another (see Cain, The Manufacture of 
Intermediate Products for Dyes, Macmillan, 
1918). 

For a cryoBoopio metliod of determining 
uitrobenzeno in commercial nitrobcnzenos, see 
Simpson and .lonos, J. Soc. Chem. Jnd. d019, 
3H, 326; Analyst, 1919, 379. 

When the iiitrubenzol is to be sold as 
" myrbane,* it is distilled under diminished 
pressure in order to obtain a perfectly clear and 
transparent liquid such as the users of myrbane 
demand. It is customary to use toluene im- 
l)erfeotly freed from benzene for this purpose, 
that article being cheaper and yielding a sonfh- 
what more fragrant myrbane tlAn benzene alone. 

The treatment adopted with toluene and 
xylene is in all essential particulars the same as 
with benzene. In the former case, however, if 
the nitrotoluone is not employed direct, the 

E roduot is separated into p- and o-nitrotoluene 
y fractional distillation under diminished pres- 
sure through a Savalle column. The distillation 
is stopped when 40 p.c. has distilled, and the 
distillate on redistilintion gives nearly pure 
o-nitroboluene fb.p. 233"). The residue on 
cooling deposits crystals of p-nitro toluene 
(b.p. 238" ; m.p. 64*), which are freed from 
oil by centrifugating. 

(l^or the estimation of o- and p-nitrotdTuene, 
see Rovenlin and Do la Harpo, Bull. Soc. ohim. 
1888, (ii.) 50, 44; Qlnsmann, licr. 1903, 36, 4260 ; 
Chem. Zeit. 1004, 28, 187; Holloman, Proo. K. 
Akad. Amsterdam, 1904, 7, 395; Ucc. tray, 
chim. 1908, 27, 458.) 

Dinitrobeneene and dinUrotolu^ are obtained 
by treating a charge uf the hyurocarbon with 
double the pro]:)ortion of the mixed acids, the 
operation being carried out In two stages, and 
the second charge of acids run in dircctly.after 
the first. The cooling water is shut off and the 
temperature allowed to rise rapidly. Or nitro- 
bonzol already manufactured may be taken 
and again treated with the necessary aoid. 

The product of the reaction is separated from 
the aoid as usual, and then thoroughly washed 
with cold, and lastly with hot, water. As 
dinitrobenzene is sensibly soluble in the latter, 
the hot wash-water had l>etter always be pre- 
served and used for first washing a subsequent 
batch. Finally, it is allowed to settle, and, 
while still warm, run out into iron trays, in 
which it solidifies in masses 2 to 4 inches thick. 
The principal product of the reaction is met a- 

' Benzene may also be nitrated by using sodium 
nitrate Instead of nitric acid. Fur example : 86 kilos, 
ut benzene and 116 kilos, of sodium nitrate are m^d 
at 60*-80*, and 160 kilos, of 99-90 p.o. sulphurio a<^ 
added slowly. The temperature rises lb about 100*, 
when 66 kilos, of benzene fre ad^d, and when the 
nitration Is complete the lower layer of blsulphate is 
^hwn off. The yield Is stated to be 160-164 kilos, of 
washed nitrobenzene, sp.gr. 1488 at 16 *, or 14&kllos. of 
the pure substance boiling at 90* under a^jiimure 
of 18 mm. (BsceMirln-fabrlk. Akt.-Oes. vorm. tihl- 
berg, List A Co. D.B.F. 221787 ;P. P.401679). • 
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dinitrobenzene, m.p. 89*8^, but orthodi- 
nitrobeneene, m.p. 118*, and paradinitro- 
benzene, m.p. 172 , are alio produced, tbe m.p. 
of the oommeroial ]C*oduct being about 85*>87 . 
It should not contain any nitrobenzene, and 
should be well crystallifiod, hard, and almost 
odourless, and should not render paper greasy. 

Dinitrolduenc is prepared by a process 
similar to the above, and, ««incf‘ ortho- und 
para-nitrotoluono > icld, when nitrated at a high 
temperature, most of the 2 : 4-dinitrotoluene, 
it is better to proceed straight on from the 
toluene.^ 

The subsequent treatment is the same as 
when* dinitrol>enzcne is manufactured. Com 
mercial dmitrotolueno consists mainly of the 
last-named and the 2 : U- modifications, but 
always contains small quantities of the other 
isomeridcs. The 2 : 0- only occurs in small pro- 
portion, and mainly in the oily drainings from 
the crude product. The nitration of tlic pure 
metaxyleno docs not differ from the processes 
already dc.scnbod. 

To obtain the more higlily nitrated deriva- 
tives nitrosyl sulphate may be einjiloyed. m- 
Dimtrofjenzenp (J part) is slowly heated with 
nitrosyl sulphate (2 parts) until dissolved, when 
nitric acid (2 parts) is added and the mixture 
maintained at J00*-J20* until ^ innitrobenzcJif 
18 produced (Hoinemann, Eng. Pat. 102210 of 
1015). 

Trinitrotoluene. There are six possible 
isomerides of this compound, viz. : — 

m p. 

a or 2.4.0 trinitrotoluene, . 80*8* 

or 2.3.4 „ . .112® 

7 or 2.4.5 „ . . 104* 

» or 3.4.5 „ . . 137 *5* 

tor 2,3.6 „ . . 97*2* 

Cor 2.3.0 „ . . 79 5® 

All of thorn are of iiractioally equal value 
I I ^ -A i . 1 - « 

as explosives, but the host- known 
compound, the product known as T.N.T., or 
trotyl or trilitf Q’he other isomerides in the 
commoroial product arc derived from w-nitro- 
toluene, which is present in the ordinary mono- 
nitrotolueno to the extent of 4-5 p.c. The 
various trinitrotoluenes give different coloura- 
tions with acetone and ammonia, vi*/. o, deep 
red ; greeiiish-yollow ; y, blue ; C» orange- 
red ; and c, rose-red. 

In the manufacture of o-trinitrotoluene 
(T.N.T. ), mononitrotolueiie is first prepared by 
using the waste acid resulting from the manu- 
focturhig process. The nitration is carried out 
in a jacketed apparatus provided with rotating 
arms. Tlio toluene is run into the a^iparatus, 
and whilst it is kept agitated, the waste acid 
and fresh nitric acid are added. The tempera- 
ture is kept below 30*. After sotting for six 
hours the mononitrotolf.'ene is separated from 
the waste acid. To the latter fuming sulphuric 
acid and nitric acid are added. This fresh 
mixture is added to the mononitrotoluene in 
the agitating vessel, and kept in continuous 
motion for hours at a temperature of 00*. 
The steam is th^ shut* off in the jacket, agita- 
tion is discontinW, and cold water and finally 

' For a detailed desciHtlon of the manufacture, 
Kayser, tteitsch. Farb. Inc. 1903, 2, 16, SI. Cf. KIdo- 
koro, J. €hem. Ind. Tokyo, 1917, seo< 460; J. 8oc. 
ClX.m. Ind. 1917, 36 1066. 


a tefrigeratod liquid at 2* are passed ronnd the 
jacket. The dinitrotoluene is thus crystallised 
out in the mixiim vessel, and the waste acid 
can bo run off. The latter is revivified by the 
addition of fuming sulphurio acid, and this 
fresh mixture is added to the dinitrotoluene. 

. After warming and agitating nitric acid is 
added and the temperature rai^ very gradually 
to 92*. After heating for twenty hours the 
whole of the contents of the vessel is run into 
cooling tanks, where the trinitrotoluene is 
allowed to crystallise out slowly, during some 
four to five days. The waste acid is then 
separated and used for the preparation of mono- 
nitroluene. The trinitrotoluene is washed with 
water, ground under edge runners, and finally 
washed in an alkali solution. It is then dis- 
solved in acetone, and sodium carbonate is 
added. Tlio solution is heated in a steam- 
jacketed vessel for four hours, after which the 
acetone is distilled off and condensed, and the 
molten trinitrotoluene is run into cooling 
vessels to c rystalliso out. The crystals are 
thoroughly washed with water, dissolved in 
hot 05 p.c. alcohol, the solution filtered and 
allowed to crystallise (\'a.squcz, Z. ges. Schiess- u. 
Sprengstoffw. 1911, «, 301; J. Soo. Chem. 
ind. 1911, 30, 1040). 

Langenscheidt (Z. ges. Schiess- u. Spreng- 
stoffw. 1912, 7, 425) uesenbes the process as 
follows : 

A mixed acid (1400 kilos), consisting of 
equal quantities of sulphuric acid and nitric 
acid (94-95 p.c.), is allowed to flow slowly into 
a cast-iron vessel containing a solution of 
orthonitrotolueno (500 kilos) in sulphurio acid 
(1400 kilos of 100 p.c. acid) which has been 
warmed to G0*-70*. 1’his vessel is steam- 
jaeketefl, and has also water-coolmg coils, and 
a screw agitator, which runs at about 182 revolu- 
tions per minute. At the commencement the 
temperature of the mixture is prevented from 
rising by meanfiT cOlis urA'A thfl 

whole of the orthonitrotoluene is converted into 
dinitrotoluene. fcJteam is now passed through 
the jacket to start the conversion of the dini- 
trotoluene into trinitrotoluene, and the tempera- 
ture 18 not allowed to rise above 160®. When 
nitration is complete, the temperature is main- 
tained at this point for one hour. It is then 
allowed to fall to 100°, and 200 litres of water 
are added in order to increase the yield. The 
moiten trinitrotoluene is separated from the 
acid and washed until neutral. This product 
has a m.p. of 72*-74°, and is used ‘in the ammo- 
nium nitrate class of explosives. To produce 
the trinitrotoluene of higher m.p. (81°-82*), 
which is used for filling shells, the lower melting 
product (500 kilos) is ^ssolved in 2300 litres of 
a mixture of 90 p.c. alcohol containing 6-10 
p.c. of benzene, and, after filtering, the solution 
IS orystallised in a water- jacketed enamelled 
pan. By evaporating the mother liquor to 
one-third of its bulk, a quantity of brownish- 
coloured crystals are obtained, which are used 
in the ammonium nitrate class of explosives, 
whilst, on further evaporation, a dark-brown 
I or red liquid (16*6-17*2 p.c. N) is obtained, 

! which is used in the explosive industiy for 
gelatinising collodion cotton under the name of 
uquid teimtrotoluene (J. Soc. Chem. Ind. 1912, 
31, im). 
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The chief difficulties in the nitration process 
are due to the presence of inorganic impurities, 
chieBy lead and iron salts, derived from the 
sulphuric acid and from the action of the 
nitrating acid on the apparatus, and organic 
by-products formed by sulphonation, oxidation, 
and reduction. Among the by-products may 
be: (1) Trinitrobenzoio acid or totranitro- 
methane, owing to oxidation in case of over- 
heating or pressure ; the last-named may be 
recogpised by its intense odour ; metallic salts 
may act as catalysts in promoting oxidation. 
(2) Phenolic compounds, such as cresols, formed 
by the reduction of the nitro- compounds by 
hydrogen produced by the action of the nitrating 
acid on the apparatus, the ammo- compounds 
being then converted into diazo- and hydroxy- 
compounds ; in presence of metallic salts, 
highly explosive salts of nitro-crosols may be 
formed. (3) Kulphonic acids owing to too low 
a concentration of nitric acid. I'o obtain good 
results the following conditions should be 
observed: (I) The amount of nitric acid used 
should exceed the theoretical quantity by at 
least I mol. (2) The degree of nitration should 
be controlled by the concentration of nitrating 
acid, temperature, and duration of reaction 
rather than by the actual quantity of nitric 
acid used. (3) The reaction product should bo 
separated from the spent acid as quickly as 
possible. (4) 'riie action of the nitrating acid 
on the apparatus should be reduced to a minimum 
by suitable choice of material and concentration 
of acid (Copisarow). 

The following bibliography has been com- 
piled by Copisarow (J. Soc. Ohem. Ind. 1915, 
34, 1169);— 

Wilbrand, Annalen, 1863, 128, 178 ; Hopp, 
Annalen, 1882, 216, 366 ; Stadel, Annalen, 
1890, 259, 208 ; Haussermann, J. Soo. Chem 
Ind. 1891, 1028 ; 1892, 236 ; Bichel, Fr, Pats. 
367, 926, 3691371, 1906; J. Soc. Chem Ind. 
1906, 136 ; 1907, 115 ; lludclolf, J. 8oc. Chem. 
Ind. 1907, 67 ; Escales, Z. ges. Schiess- u. 
Sprengstoifw. 1908, 3, 21 ; Nobel & Co., 
D. R. P. 212169; J. Soc Chem. Ind. 1909, 
1065 ; Van den Arend, Reo. trav. chim. 1909, 
28, 408 ; Vender, Eng. Pat. 18281, 1909 ; J. 
Soo. Chem. Ind 1910, 266; Comoy, J. Ind. 
Eng. Chem. 1910, 2, 103 : Vasquez, J. Soc. 
Chem. Ind. 1911, 1046; Verola, J. Soc. Chem. 
Ind. 1912, 252 ; Dautriche, J. Soc. Chem. Ind. 

1912, 163; Nobel & Co., Pr. Pat. 432981 ; 
J. S^. Chem. Ind. 1912, 153 ; Langenscheidt, 
J. Soo. Chenl. Ind. 1912, 1147 ; Blo^, Zeitsch. 
physikaL Chem. 1912, 78, 385 ; Nobel & Co., 
D. R. P. 264503 ; J. Soo. Chem. Ind. 1913, 
1088; Hast, Z. ges. Schiess- u. Sprengstoifw. 

1913, 8, 65, 88, 165, 172 ; Will, J. Soc Chem. 
Ind. 1914, 376; Molinari and Giua, J. Soo. 
Chem. Ind. 1914, 686; Giua, J. Soc. Chem. 
Ind. 1914, 687 ; Koemer and Contardi, Atti. 
R. Accad. Lincei. 1914, 23, ii. 464 ; Hollemnn, 
Reo. trav. chim. 1914, 33, 1 ; Rintoul, J. Soc. 
Chem. Ind. 1916, 60 ; Oberschlesische A. G. f. 
Fabrik. von IJgnose, D. R. P. 277326 ; J. Soc. 
Chem. Ind. 1916, 109 ; McHutchison and 
Wright, J. Soo. Chem. Ind 1916, 781 ; Gina, 
J. Soc. Chem. IncL 1916, 827, 984 ; Craig and 
others, Eng. Pat. ^3181, 1914; J. Soo. Chem. 
Ind. 1916, 9& ; Koemer and Contardi, J. Soo. 
Cheni. Ind. 1916, 1046; Soo. ItaV Prod. 


Esplodenti, Eng. Pat. 19666, 1914; J. Soo. 
Chem. Ind. 1915, 1118; Marshall, Explosives: 
Their History, Properties, and Manufacture, 1916. 

For mode of inspeetiox^and testing of com- 
mercial trinitrotoluene, fSe Stevens, J. Ind. 
Eng Chem. 1917, 9, 801 ; J. Soo. Chem. Ind. 
1917, 36, 1029. J. C. C. 

BENZENEAZOSALICYUC ACID is obtained 
by duizotising a cooled mixture of aniline and 
hydrochloric acid with sodium nitrite, and 
adding the diazonium chloride to on aqueous 
solution of sodium salicylate when the yellow 
sotliiam salt of the azo- compound is formed 
(Fischer and Sohaar- Rosenberg, Her. 1899, 
32, 81). 

BENZENE DIAZONIUM SALTS i>. %uzo 

COM PO UN ns. 

BENZENE SULPHONIC ACIDS. 

Benzene sulphonlo acid {phenyl sulphurous 
acid, sulphdbenzolic acid) CeH^'SOali may bo 
prepared by shaking benzene with fuming 
sulphuric acid, or by jaassing benzene vapour 
into heated siilnhiiric acid ; by oxidising benzene 
Bulphinio aciu ; by boiliiifp p-diazobenzone 
sulphonio acid with alcohol. 

On the large scale it is made as an inter- 
mediate product for the manufacture of phenol 
by sulphonating benzene in a closed oast-iron 
stcam-jackoted pan fitted with a helical stirrer. 
For details of the various methods of carrying 
out this operation, see Cain’s Intermediate 
IVoducts for Dyes, Macmillan and Co., 1918. 
The free acid is best obtained by decomposing 
the load or barium salt with sulphuric acid. 
Forms small deliquescent plates containing 
11 mols. H,0. 

Benzene-m-diaulphonic acid C|H4(SO.H)|. 
Obtained by the further action of suiphurio 
acid upon benzene, or on the preceding com- 

S ound, at a temperature of 240°-260'’. At 
igher temperatures, or under the inBucnco of 
catalysts (mercury, ferrous sulphate), the p- 
isomeride is formed in addition. Lamberts 
(D. R. P. 113784) employs as sulphonating 
agent sodum hydrogen disulplHtte NaHs(804)| 
(obtained b^ heating acid sodium sulphate 
with sulphunc acid). This is ni i xod with benzene 
and heated to 209°, treated with milk of lime, 
and the solution of the sodium benzene-m- 
disulphonate filtered off and evaporated. Tho 
free acid forms very doliquescont crystals 
containing 21 mols. 1130. 

Benzene-tri’sulphomc acid C4H,(S03H)|, pre- 
pared by heating an alkaline salt of the mono- or 
m-disulphonfo acid with sulphunc acid until the 
sulphunc acid volatilises. • 

BENZIDINE and BENZIDINE REARRANGE- 
MENT tW)lPJIENYL. 

BENZIDINE AZO- DYES v. Azo- coloubino 
MATTERS, and Disazo- ami Tbtbazo- coloubino 

MATTERS. ^ 

BENZIDINEDISULPHONIC ACID o. Di- 

PHENYL. 

BENZIDINE PUCE v. Azo- coloubino 

MATTERS. 

BENZIL V. Kbtonbs. 

BENZINE, Light petroleum (v. fPETBOLEUM). 
BENZINOFORM. fir carbon tetra 

chloride (g.e.). 

^ BENZO-AURINE, -BiAOK BLUE^-BLUE, 
-IROWIU, -F^ PINK, -FAST SCARLETS, 
-INDIGO blue; GREY, -OLIVE. -ORAHE, 
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-PURBUBIIIB, -RED BLUB, VIOLBT A«>. 

CfOLO UBOI Q lUTTBBS. 

BBMZOFLAVIIIB v, Acbidiks OYSsrirm. 

BEHZOIC ACIDCVH«0,orC.H,CO,H. {A<iid€ 
henzcfiquet Fr. ; BenzbUadurt, 6er.} Acidum 
hentoictm. BUise de Vigen^ro, in his Traitd du 
fen eit da eel, published in 1608, describod the 
preparation of benzoio acid by sublimation from 
gum benzoin. Lemcry, in 1676, called attention 
to its acid properties ; and Scheele showed, in 
1776, that it could be extracted from gum 
benzoin by boiling the gum with lime, concen* 
trating the solution, and decomposing the salt 
with hydrochloric acid. Scheele also, in 1786, 
obtained benzoio acid from cow’s urine ; but it 
was not until 1829 that Liebig showoil that the 
substance contained in the urine, by the dcconi- 
nosition of which benzoio acid is formed, is 
hippurio acid. 

Occurrence. — Benzoio acid occurs in gum 
benzoin, tolu balsam, storax, drogon’s blood, 
and various other natural resins ; in oil of her- 
gamot and oil of cinnamon ; in vanilla, calamus 
root, and the ri^o fruit of the clove tree ; in 
various sweet-smelling flowers — thus in the 
flowers of Unona odoraiisstma, from which the 
perfume ylang-ylang is prepared ; as hippurio 
acid (ana sometimes even, it is asserted, as 
free benzole acid) in the urine of herbivora ; and 
in coaforeum, a viscid, fcotid secretion, found in 
pouches situated in the perinmum of the beaver. 

Formation, — By the oxidation of all com* 
pounds which contain the phenyl moup united 
to a single lateral ohain, such as toliiene, benzyl 
chloride, benzyl alcohol, bonzaldehyde, ciiinainio 
acid, Ac. By heating bcnzotrichloride C^H.-CClj 
with water. By heating bcnzonitrilo C^Hg-CN 
with Meida or alkalis. By boiling hippuric 
acid with hydrochloric acid 
(0,H,0)N1I-GH H -h H ,0 

«C\HgO,+NH,CHgCO,H. 
By passing carbon dioxide into benzene con- 
taining aluminium chloride 

C,Hk-fC0g=C.H,C0,H. 

Preparation. — 1. From gum benzoVn, In 
order to obtain the acid from gum benzoin by 
sublimation, the gum, broken up into small 
pieces, is introduce into a flat iron vessel, over 
the mouth of which filter paper is then past^. A 
large conical cap of strong paper, exactly fitting 
the iron vessel, is placed pver the filter paper, 
tied round the rim, and the whole is gently 
heated over a sand-bath at a temperature of 
about 170^ The benzoio acid sublimes through 
the filtbr paper and collects in colourless cryst^ 
inside the paper oono, from which it is removed at 
the end of the operation (Mohr, Anaalerif29, 177). 
The yield is about 4 p.o. of the gum employed, 
and from throe to four hours are required for 
the sublimation of a pqimd of benzoio acid, A 
iraoe of an aromatic oil 7rom the gum adneres 
to the crystals, imparting to them a pleasant 
odour of ihmilla, and enhancing their value as a 
pharmaceutical preparation. On a manufactur- 
ing scale a modification of the foregoing iabor.*!- 
tory TOOcasste employed, in which the gum lo \ 
heated In a closely vess^ and the vapour of the ' 
subliming acid flows over into a side chamber 
and oonnenses at a ptsnt below the source of 
heat, thw obviating all risk of tatng the sub- 
lim:>te. The gum benzoin is intr^uced by 
means of a metal drawer, which is heated from 


I beneath fay gas-jets $ whilst the sublimed acid 
collects in a second drawer, and can thus be 
removed at the end of the operatiim (comp. 
Starting, Arch. Phaibi. 231, M2). By other 
methods the yield from gum bendon may be 
increased to 25 p.c. 

Wdhlcr’s method (Annalcn, 49, 245) consists 
in dissolving the powdered gum in an equal 
volume of alcohol of 90-95 p.c., adding faming 
hydrochloric acid to the hot solution until a 
precipitate begins to be formed, and distilling the 
mixture. The distillate contains ethyl benzoate, 
alcohol, and hydrochloric acid. The residue is 
again distilled with water as long as ethyl ben- 
zoate passes over, and the united distillates are 
boiled with caustic potash to decompose the 
ethyl benzoate. *From the solution the benzoio 
acid is precipitated with hydrochloric acid. It 
smells like the sublimed product. 

Scheclo's method of extracting the benzoio 
acid from the gum with slaked lime and wateg 
(v, supra), may also bo employed. 

2. From urine* The urine of the cow or 
horse is allowed to putrefy, so as to induce a 
hydrolytic decomposition of the hippurio acid 
into benzoio a^id and glycocoU. Milk of lime is 
then added, the filtered solution is evaporated to 
O' small bulk, and the benzoio acid precipitated 
w'lth hydrochlorto acid. In order to avoid the 
evaporation and the attendant disagreeable 
smell, the excess of lime may be removed by 
carbon dioxide, the benzoio acid precipitated by 
the a<ldition of ferrio ohlorule, and the ferric 
benzoate, after separating it by filtration, de- 
composed by hydrochloric acid. The acid thus 
prepared s molls of urine, and must not be used 
in medicine. ’J’he smell may, however, be 
removed or concealed by mixing the acid 
With a small quantity of gum Mnzoln and 
subliming it. 

The fresh urine may also be evaporated to 
one-third of its bulk, filtered, mixed with hydro- 
chloric acid, and allowed to cool. Hippurio acid 
crystallises out, which, by boiling witn concen- 
trated hydrochloric acid, is decomposed into 
^ycocoll hydrochloride and benzoio acid. 
Benzoio acid may also be prepared by the action 
of ammonia and zinc-dust on gallio acid and 
catechu-tannic acid (Quignet, Compt. rend. 113, 
| 200 ). 

3. From toluene. Most of the benzoio aoid 
employed at the present day, and certainly all 
that is employed in the ooal-tar colour industry, 
IS manufaotui^ from toluene (v. infra). Toluene 
by oxidation with nitric acid, miy be directly 
converted into benzoio aoid ; but it is better 
to chlorinate it first to benzyl chloride, which is 
more readily attacked by the oxidising agent. 
Lunge and Petri (Ber. 10, 1276) boil benzyl 
chloride (1 pert) and dilute nitric acid (3 parts of 
aoid of 35*Baum€ with 2 parts of water) in 
a reflux apparatus until the smell of beuyl 
chloride and bonzaldehyde is no longer per- 
ceptible. A. V. Rad (Dingl. poly. J. 231, 538). 
however.' at-ates that tois method is unsuited for 


I unsuited for 


preparing the acid on a manufacturing scale, and 
prefers to decompose benzotriohlerid^y heating 
It with water under pressure : 

C,H, 0a,-f2H,O-C,H,i!CO,H+3Ha ; 

but H is difficult to prepare ^lue benzotri- 
ohioridA end the benzoio acid manufactured by 
this process is always contaminated with ohloto* 
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benxoio aeidB fonntd from ohlorinated bonio- 

Esp^hied (D. R. P. 47187) boili the 
benzotriojiloride with milk of lime, or mih a 
solution of oaustio soda mixed with whitins or 
other insoluble matter, the presence of which 
aids the reaction by preventing the benzotri* 
chloride from forming a separate layer and also 
by j^moting local superheating. 

£. Jacobsen (D. B. P. 11494 and 13127) 
heats benzotrichloride with acetic acid to which 
a little zinc chloride has been added : 
C«H,CCl|+2CH|CO,H=C.H«COiH+2CHiCOCl+HC! 
The acetvl chloride is distilled off, the residue 
extracted with sodium carbonate, and the 
benzoic acid precipitated wdh hydrochloric 
acid. ^ 

P. Schulze (D. R. PP. 82927, 85403) heats 
benzotrichloride with hme-waU'r in the presence 
of some iron powder. In order to avoid the 
formation of chloro-denvativos, the direct 
oxidation of toluene either by nitric acid or by 
manganese dioxide and sulphuric acid, has been 
suggested {see D. R. PP. 101222, 107722, 
176295, 21G091), 

The Weston Chem. Co. and J. Savage (Eng. 
Pat. 110348) convert benzyl chloride into benzyl 
alcohol by boiling with sodium hydroxide solu 
tion or milk of limo, and oxidising the alcohol 
to alkali benzoate by hypochlorite in presence 
of alkali. 

The benzoic acid required m the coal-tar 
colour industry is obtained as a by-product in the 
manufacture of benzaldchyde W heating bonzal 
chloride with milk of lime (e. Bxivzaldbhyde), 
a portion of the benzaldchyde being convoriecl 
into calcium benzoate in this process. 

4. From coal-tar oil. Aktiengcsellsohaft fur 
Theer und Erddl Industrie, Eng. Pat. 7807 ; 
D. R. P. 109122 ; J. Soo. Chem. Ind. 1899, 785. 
The carbolic or creosote oil fraction, obtained 
from coal tar, and boiling between 100* and 
240*, contains benzonitrile. The fraction from 
which phenol is obtained is washed with dilute 
soda lye (sp.gr. 1*1) to remove the phenol and 
oresol, ana the remaining oil placed in a jackctcil 
vessel, provided with an agitator and connected 
with a condenser and receiver. Caustic soda 
lye (sp.gr. 1*4) is added in about twice the 
quantity corresponding to the benzonitrile 
present. The mixture is agitated, and wet 
steam passed in for some hours, as long as 
ammonia is evolved in considerable quantity. 
The receiver then contains the lower boiling 
constituents St the oil, together with a somewhat 
concentrated ammonia solution, whilst the 
contents of the still consist of a lower alkaline 
layer and an upper oily one. The former is 
neutralised with carbonic acid or a mineral acid, 
separated from traces of phenol or resinous 
matters, and the resulting solution of sodium 
benzoate decomposed whilst hot bv adding an 
excess of acid. On cooling, pure benzoic aeid 
separates in white crystals. 

6. From the noiphthola and other naphthalene 
derivatives. Basle Chemical Works, J. Soc. 
Chem. Ind. 1901, 1139; D. R. P. 136410; Fr. 
P4t. 313187; Eng. Pat. 16527; U.S. Pat. 
702171. (See also^m. Zentr. 1903, L 546, 857, 
1106; D. R.JPP. 138790,139956, 140999.) By 
heating the naphthoJi or other naphtnalene 
derivatives to about 250*, in presenoe ft alkali 


with metallic oxidee or peroxides st oh as copper 
or iron oxide, barium, lead or manganese per* 
oxide, they yield phthalio and benzoic acids, and 
a few intermediate pr^itfts. The excess of 
alkali is removed by lixiviation with a little 
water ; the acids are then dissolved in water and 
decanted from the reduced oxide. This solution 
is saturated with carbon dioxide and filtered 
from unchang^ naphthoL The filtrate is 
decomposed with aulphuric acid and evapo* 
rated, the precipitated acids being purified oy 
distillation. 

6. By the electrolytic oxidation of phenanihrene. 
Farbworko vorin. Meister, Lucius and Brfining, 
Chem. Zontr. 1904, ii. 71 ; D. R. P. 162063. 

Properties. — It crystallisos iii lustrous leaflets 
or flat needles of sp.gr. 1 *2669 15*/4*, melting at 
121*4*. It boils at 249*, but is volatile even at 
100*, so that it may readily be sublimed ; the 
vapour excites coughing. It may be distilled 
with steam ; 2 litres of aqueous distillate con- 
t-ain 1 gram of bonzoio acid. 100 parts of water 
dissolve at • 

4’5‘' 10^’ 81®a 76“ 

1*823 2 008 4*247 21*931 

(Ullmann, Enzyklop. ii.) ; it is soluble in about 
twice its weight of etiier and in about its owh 
weight of absolute alcohol at ordinary tempera- 
tures. 

"J'racps of impurity lower tlio melting-point 
of benzoic acid very oonsidorably. 'J'ho impure 
acid is also deposited from its solutions in 
smaller crystals than the pure. 

(For msorption spectra, see Hartley and 
I Headley, aiom. Soo. Trans. 1907, 319.) 

Beactions. — ^Whon heated with lime, benzoio 
acid yields benzene and calcium carbonate 
(Mitschcrlich). It is very stable towards oxi- 
dising agents ; dilute chromic acid is without 
action on it, but by warming it with manqanese 
dioxide and sulphuric acid it is converted into 
formic acid, carbon dioxide, and phthalio acid — 
the latter being formed by the simultaneous 
oxidation of formic and benzoio acids (Oarius, 
Annalen, 148, 72). Sodium cShalgam reduces 
benzoio acid in boiling alcoholic solution to 
benzyl alcohol, bonzaidohyde, and tetrahydro- 
benzoic acid ( Aschan, Bor. 24, 1864, and Annalen, 
271, 231). By electrolytic reduction, benzaldo- 
hyde is obtained (Mottler, Bar. 41, 4148), and by 
ri^uction with hydrogen and platinum, hexa- 
hydrobonzoio aoia is the chief product (Will- 
statter and Mayer, Ber. 41, 1470). When dis- 
tilled over heated zinc-dust it yiekUi bonzalde- 
hydo (Baeyor, Annalen, 140, 206). (Jalcium 
benzoate yields on distillation ben'zotAenono 
C«Hf*CO*CflI|, together with a small quantity of 
benzene ^nd antbraquinone (Keku]4 

and Franchimont, Ber. 5, 008). Taken inter- 
nally, benzoic acid is excreted in the urine as 
hippurio acid (Wohler)^ 

When a solution of ferric chloride wliich 
has been mixed with sufiioient ammonia to turn 
it dark-rod is added to a solution of a benzoate, 
a flesh-coloured precipitate of basic ferric ben- 
zoate (C 7 H 40 ,) 4 Fo,Fe(OH)g is formed. This re- 
action is used in t^ serration o^benzoio acid, 
and also in separating iron fifm manganese. 

^ Uses, — Benzoio acid is used in medicine ; 
but for this purpose onlF the natural ^product, 
obtained fromggum benzoin by •ublimation, is 
•uitabla. Adulteration with the artificial acid 
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is detected by heating a portion of the acid on gen chloride, digesting the muture on the water- 
platinum wire and holcOog a porcelain dish ! oath for some hours, precipitating the ester 
moistened with pbloroglucolvanulin over the with water, and purifying by distillation, 
flame; the produot«>n of a red colour, due to Mtihyl benzoate is a liquid boiling 

the pi^noe of hydrochloric acid, indicates the : at 108*6® (Perkin, Chem. Soc. Trans. 69, 1025). 
presence of the artificial acid. Artificial benzoic henzoole C7H40|*CjH,, boils at 211*8® 

acid is employed in the manufacture of aniline (Perkin, l.c.). Propyl benz^e C^H^Os'CsH;, 
blue. It baa been used as a mordant in calico- | boils at 230*7® (Perkin, f.c.). 
printing. Benzoic acid, dissolved in a mixture | Benzyl benzoate. This ester forms the 
of 1 part of ether and 20 parts of alcohol, has therapeutically active portion of Peru balsam, 
been recommended for the preservation of i and also the larger Action of the product 
anatomical preparations. It is said to be used ^ formerly known by the name of cinnamein, and 
in giving an aroma to tobacco. i generally described as consisting chiefly or 

As an antiseptic it is injurious to health, . entirely of benzyl cinnamate. Benzyl benzoate 
producing serious disturbance of the metabolic ' is a colourless oil, boiling at 173® under 9 mm. 
functions, attended with injury to the digestion pressure, whilst the benzyl cinnamate is ciys- 
(Wiley, U.8. Dept, of Agric., J. Soc. Chem. Ind. , talline, melting at 37®, and boiling at 21tV- 
1908, 014). . 214® under 9 mm. pressure. It is stated that 

For its use as an ocidimctric standard, see ' benzyl benzoate is as efficacious, therapeutically, 
Morey, J. Amor. Chem. Soc. 1012, 34, 1027 ; | as the ester obtained direct from Peru balsam, 
Analyst, 1012, 468. 1 whilst it has the advantages that it is free from 

Detection in foodstuffs. — By the production I colour and smell, is constant in composition, 
ordiaminobonzoic acid (Mohlcr, Bull. Soc. chim. I and does not cause the irritation sometimes 
3, 414) ; by theliiction of the acid on rosanilino occasioned by Peru balsam owing to the free 
hydrochloride dissolved in aniline oil, when ' acids present (E. Erdmann, Pharm J. 65, 387). 
aniline blue is formed (Do Brevans, J. Pharm. ! HubsMution Derivatives of Benzoic Acid. — 
Chim. 14, 438) ; by converting the acid into o-Vhlorolienzoic acid Cl'CgH^ COOH melts at 
salicylic acid with hydrogen peroxide, and then 140®, and is obtained by the oxidation of o- 
adding ferric chloride (Jonescu, J. i*harm. (7iim. clilorotoluene. The chlorine atom in this acid 
29, 623). In butler'. By the formation of is very easily replaceable (Ullmann, Annalen, 
ammonium diaminobonzoate, which gives a 1907, 356, 312). The ra-acid melts at 160®, 
brownish-red colouration in alkaline solution the p- acid at 243®. Nitration of benzoic acid 
(Halphcn, Pharm. J. 28, 201 ; Robin, Ann. yields mainly the m-acid, the relative propor- 
(Jhim. anal. 14, 63). In fenflented beverages tions of the o-, m-, and p-acids formed at 
and milk : As in butter (Robin, Ann. Chim. different temperatures being shown m the 
anal. 14, 63; Broustedt, Arch. Pharm. 237, 170). subjoined table (Holloman, Zeltscb. physikal. 
In meats and fats (Fischer and (Jruenert, J. Chem. 31, 79) : 

Soc. (mem. Ind. 28, 849). o. m. p. 

Examination of the commercial product . — no * * ^ ^ ^ ^ 

The artificial benzoic acid of commerce is almost • . 18*15 80*2 1*3 

always contaminated with chlorobenzoic ocids 4*30 . .22 3 70*6 1*2 

(a. suma), the presence of which in any con- The o-acid, melting at 144®, is prepared by 
sidorable quantity is stated to bo detrimental in oxidising o-nitrotoluene with potassium per- 
the aniline bjno manufacture. The chlorine manganato, or with manganese dioxide and 
may be detected by heating the acid with sulphunc acid (D. R. P. 179689). The m-acid, 
metallic sodium, extracting the residue with by the action of sodium nitrate and sulphuric 
water and testing the solution with silver acid on benzoic acid, or by oxidising m-nitro- 
mtrato. The acid should have the proper benzaldehydo with sodium hypochloride (Ba- 
melting-point, and should dissolve without dische, Anilin u. Soda Fabrik, D. R. P. 211969). 
residue in boiling water. It melts at 140®- 141®. The p-acid, melting at 

Salts and esters of benzole acids. Benzoic 238®, is obtained by the oxidation of p-mtro- 
acid is monobasic. Most of the benzoates are toluene with chromic and sulphuric acids, 
soluble both in water and in alcohol. Potassium Sulphcbenzoic acids. The o-acid 
benzoate C7H50,K.3H,0 : ©ffioroscent laminic. H00C*C,H4*S0aH,3H30 

Sodiu^h benzwte C7H.OgNa,H,0 : efflorescent jg obtained by the oxidation of toluene-o-sul- 
noedles, used for mhalatjon m tuberculosis, phobic acid, or of thiosahcyhc acid, or by 
Amn^tum benzene C7H50,(NH4), rhombic (jiazotising anthramlic acid and adding sul- 
crystate, also used m medicine. Calcium ben- phurous acid. It molts at 68®-69®, and in the 
swife (C7H40|)4Ca,3H40, lustrous needles, used anhydrous condition at 134®. Direct sulphona- 
in the preparation of tenzophenone. Other tion of benzoic acid yields cliiefly the m-acid. 
hydrates are known.c Forms an unstable BENZOIC ANHYDRIDE (C,H4*CO),0. First 
diolcoholate. Baste feme benzoate prepared by Gerhardt (Ann. Chim. Phys. [3] 37, 

(C7H40|),Fe,Fe(0H), 299) by the action of benzoyl chloride on sodium 

{V. supra). Mercurte benzoate small white benzoate or on sodium oxalate, or of phosphorus 
odourless tasteless crystals ; powerful antiseptic ; oxychloride on sodium benzoate : 

Bttooesafully Employed in syphilitic and similar Oj|H.'CO|Na4'C4Hg‘COCl=(CgH<'CO)gO+NaGl; 

diseases (MerokV Bull^ ISw, [5] 33 ; [61 49 ; 20gH,’C001+Na|C,04 

(7J73). =(C-H4;C0),0+2NaCl+C0+C0,; 

Thensters of benzq^ acid are obtained eiihef' 4CgH|*COgNa4-roClj ^ 
by distSling bensoio acid with ^e alcohol and s2(C«H,*CO)tO+NaPOt+3NaCI 

suiphario aoid, or, tetter, by situratinff a solu- PrspanUion.-^Pour 100 grams of phosphorus 
tion of bensoio aoid in the aloohol with hydro* ozyohlteide over 500 grams of dry sodium ben- 
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soate contained in a flask; complete the re- 
action by heating at 160^ ; remove sodium salts 
by washing the cooled mass with dilute sodium 
carbonate, and purify the anhydride by dis- 
tillation. 

Anschutz (Annalen, 220, 15) heats benzoyl 
chloride with anhydrous oxalic acid. This 
avoids the formation of metallic salts altogether. 

It may also be prepared by heating tenzoyl 
chloride with fused and powdered sodium nitrite 
for 12 hours ; the product is extracted with 
ether and freed from traces of benzoic acid by 
rapidly washing with a very dilute solution of 
sodium carbonate, and Anally with distilled 
water; yield 70 p.c. (Minunni and Caberti, 
Gazz. chim. ital. 20, G55). By mixing together 
benzoyf chloride and pyridine and adding water 
after half an hour, pure benzoic anhydride is 
precipitated ; yield 80 p.c. (Minunni, Gazz. 
chim. ital. 22, ii. 213). By treating benzoyl 
chloride with sodium carbonate and pyndine ; 
yield quantitative (Deninger, J. pr. Chem. 
50, li. 470). By treating benzoyl chloride with 
sodium hyposulphite in the j^sence or absence 
of pyridine (Bmz and Marx, Bcr. 40, 3855) ; by 
treating bcnzenosulphonic chloride with sodium 
benzoato (Chem, Fab, von Hoyden, JI. R. P. 
123062; Chem. Zentr. 1002, 2, 518); by 
treating benzoic acid or sodium benzoato witli 
methylchlorsulphate (Bad. Anil, und Hod. 
Fabrik, D. R. P. 140600 ; (^hom. Zentr. 1004, 
i. 65) ; by treatmg benzoic acid with acetic 
anhydride in the presence of an indiilerent 
solvent such as benzene or xylene (Kaufmann 
and Lutcrbaclior, Bor. 42, 3483) ; from bonzo- 
trichloride and acetic acid (Bdhal, Conipt. rend. 
148, 648) ; by the action of concentrated 
sulphuric acid on bcnzotnohlondo ; and by the 
action of sulphuryl chloride on a mixture of 
sodium and calcium benzoates (D. R. P. 161882). 

Properties, — Rhombic prisms, sp.gr. 11080 
1574 ^, melting at 42*’, and boiling at 300*’ (corr.) 
(Lumsden, Chem. Hoc. Trans. 1905, 03). Insoluble 
in water ; readily soluble in alcoliol and ether. 

Pfiactions . — Water decomposes it very slowly 
in the cold, more rapidly on boiling, with forma- 
tion of benzoic acid. Towards ammonia, amino- 
and iminO' compounds, alcohols and phenols, it 
behaves like benzoyl chloride, replacing by a 
benzoyl- group a hydrogen atom attached to 
nitrogen or oxygen. For this reason it is, like 
benzoyl chloride {q.v.)/ UBed as a reagent for 
amino-, iniino, and hydroxyl- groups, and it has 
the advantage over the latter reagent that no 
hydrochloric acid, a substance which has a very 
prejudicial effect on many organic compounds, 
18 liberated dunng its action. 

BENZOIN GUM e. Balsams. 

BENZOik YELLOW. This compound is 
obtained by condensing benzoin with gallic acid. 
Benzoin is added to a solution of gallic acid in 
sulphuric acid, kept at a temperature of 0*'-5°, 
and, after ^ing stirred during 24 hours, the 
mixture is poured into water, the dye being 
precipitated. It crystallises from a mixture of 
acetic acid and .alcohol in yellow needles. Its 
constitution is given as 
C,H.-C-=— -CPh 

to : (OH), : CO= 1 : 2 : 3 s 4f 
(Bad. Anil. Sod. Fah. D. R. P. 9673%; Cham. 
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Zentr. 1898, i. 870, and Qraebe, Ber. 31, 2975) 

(tf. Aijzarin and alijed colouiunq matters). 

BENZONAPHTHOL, )3 NAPHTHOL BENZO- 
ATE V , Synth BT ic Dbuus. 

BENZOPHENONB {Wphenyl Kelone) (u. 
Ketones). 

BENZOQUINONE. SeeQvisosE. 
BBNZOSALIN. Trade name for bcnzoyl- 
salicylic-acid-methyl ester, used in the treatment 
of articular and musculu rheumatism, neuritis, 
neuralgia, and sciatica. * V. Synth Eire drugs. 

BENZOSOL GUIAGOL BENZOATE v . Syn. 

thetic r)Ri'i;«. • 

BENZOTRICHLORIDE v . Toluene, Chlor- 
ine derivatives ov. 

BENZOYL CHLORIDE O.K. COCl,. First 
obtained by lAcbig and Wonlor, by passing 
chlorine into bcnzaldchyde (Annalen, 3, 202). 
By the action of pliosphorus pentachlorido on 
benzoio acid (Oaliours, Ann. Chim. Phys. [3] 23, 
334). 

PreparatioiK — ^Benzoic acid is heated with 
slightly more than the molecular proportion of 
phosphorus pentachlorido ^ * 

C.HsCOOH-f-PCl.-^C.IfBCOCH- POCIa-f- HCl 

The resulting benzoyl chloride is freed from the 
pho.spiioriis o.vychlorido by fractional distillation. 
Commercial bon/oyl chloride is usually con- 
taminated with chlorbenzoylchlorido and fre- 
quently with small quantities of benzaldohydo 
(V. Moyer, Ber. 24, 4251, and 25, 209). 

From oxalyl chloride, benzene, and alu- 
minium ohloriae (Staudinger, JUt. 1908, 3566). 
From benzoio acid or sodium benzoato and 
motliylchlurosulphato (Bad. Anil, und Sod. 
Fabnk, D. R. P. 140690; Chem. Zentr. 1904, 
i. 65). * 

From salts of benzoio acid. By treatment 
with sulphur dioxide and chlorine (Farb. vorm. 
Moister, Lucius and Brtining, I). R. P. 210805; 
Chem. Zentr. 1909, 279) ; or with sodium chloro- 
sulphonato ( I>. R. 1*. 146690) ; or by tlio action 
of sulphuryl chloride on benzoic acid. 

Vroptrlirs . — ('oloiirloss li(|uM, with a pungent 
odour, boiling at lOO** (Lunisdcn, Chom. Hoc. 
Trans. 1905, 94) ; 197 2" (corr.) (J’orkin, Chom. 
Hoe. Trans. 69, 1244). its vapour attacks the 
eyes, causing a flow of tears. Sp.gr. 1*2122 
2074** (Bruhl, Anrialen, 235, 11). 

Reactions, — Benzoyl chloride reacts with 
wiler, slowly in the cold, rapidly on heating, 
with formation tA benzoio and hydrochloric acids. 
With ammonia it forms benzamido 

Cell.-CU-NH, 

together with ammonium chloride. In like 
manner it reads with compounds containing 
hydroxvl-, amino-, or irnttio- groups, introducing 
benzoyl in place of hydrogen, and is therefore 
employed in organic #ncmistry as a test for the 
presence of those groups in a compound. Thus 
with alcoJwl it yields ethyl benzoato ; with 
aniUnSt benzanilide and dibenzanilide. 

BENZOYL ECGONINE v . Cocaine and the 

CoOl ALALOIDS. ^ 

BENZOYL FORMIB ACID v. Ketones. 
BENZOYL OLYCOCOLL E Hifpubic acid. 
BENZOYL PINK v . ooloubino matters. 
BENZOYL SULPIE^C IMIDE #nd BEN- 
ZOIC SULPHIDE V. Saccharin. 
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BEMZYLAMINE CARBOXTUC ACIDS ». 

Amino- agios (aromatio). 

BENZYL BLUE. A dye made by tbe 
AktieimeseUsohaft fur Anilinfabrikation, Berlin, 
by aabstitutinfl thPse atoms of hydrogen in 
rosaniline by three benzyl- groups. It is easily 
soluble in water ; dyes silks, wools, and cotton 
(Reimann's Farber-Zcit. 1879, 261 ; Industrie- 
BRtter, 39, 360). 

BENZYL CHLORipE v. Tcjlurne, Chlor- 
ine DERIVATIVES OF. 

BENZYLDIPHENYLAMINE v. Diphenyl- 
amine. 

BENZYLMORPHINE t;. Opium. 

BENZYLPHENYLHYDRAZONES v. Hydra- 

ZONES. 

BERBERINE AND THE BERBERIS ALKA- 
LOIDS. Berberlne CaoHi^OgN is contained in 
various species of Berbena, especiallv B. vulgaris 
(Linn.) (the barberry), which also contains 
berbamine CiaH,t,O.N (Hesse, Ber. 1886, 19, 
3193), and oxyacanthine (v. tajf/a), in llydraHlia 
canadenaia (Linn.), together with hydrastme and 
caliadine in Coplia Teeia (Wall.), which con- 
tains as much dk 8 p.c., and in many other 
plants, but not in calumba root (Gordin, Arch. 
Pharm. 1902, 240, 140). 

Preparation. — The best available material 
from which to extract borberino w the root of 
Hydraaiia canadenaia (Linn.) (‘ Golden Seal *), 
which contains about 4 p.c. of the alkaloid. 
The finely-powdered hydrastis root is exhausted 
with alcohoL the greater part of the alcohol 
removed by distillation, and the alkaloid con- 
verted mto sulphate or nitrate tiy the addition 
of suiriciont dilute sulphuric acid or nitric acid. 
The crude borberino salt which separates is 
collected, dissolved in water, and inixod with 
acetone and sodium hydroxide, when the 
crystalline condensation product, anhydrober- 
berinoacotone, separates (Gaze, Zoit. Naturwiss. 
Halle, ISOO, 02, 399). After recrystallisation, 
this product molts at 176° (corr.) (Fyman, Chein: 
Soc. Trans. 1911, 99, 1690) ; it yields with hot 
dilute mineral i^ids the correspondmg berberi- 
nium salts. The free base existo in two isomeric 
forms, represented by the jiartial formulse 
below ; 

CH CH 



OH 

I. II. 


as the quaternary ammonium hydroxide, 
berberinium hydroxide (I.), which is known 
only iir aqueous solution, and as the carbinol- 
amine, berberine (II.), also termed berberinal 
and berborinol. For the nomenclature of 
berberine and its salts, Ae Perkin (Chem. Soo. 
Trans. 1918, 113, 603). A solution of berberi- 
nium hydroxide is prepared by a,d<Bng the 
equivalent quantity of barium hydroxme to 
an aqueous solution of berberinium sulphate, 
whilst the addition of an excess of sodium 
hydroxide to this|Soluti8n affords a precipitate 
of the oarbinolamine, berberine, which is 
extracted by ether, crystaUi^ on oon- 
oentzatini' the solution ^adamer, Aioh. Pharm. 
190{|, 243, 31). 


Properf iM.— Berberine orystal- 

lises from ether in yellow needle^ which melt 
at 144°, and are anhydrous. It is insoluble in 
cold water, but on warming gradually yields 
a solution of berberinium hy£oxide. It dis- 
solves in acids, giving salts of berberinium 
hydroxide. The TOrbennium salts CsoHig 04 NX 
(where X is a monobasic acid radical) ciysttulise 
well, and are of a yellow or red colour. They 
are sparingly soluble in water, especially in the 
presence of mineral acids or salts. Their 
aqueous solutions are neutral to litmus, optically 
inactive, and have a bitter taste. Berberine is 
not poisonous to man, and is used medicinally, 
like preparations of the plants containing it, as 
a tonic. ^ 

Detection and Estimation . — Chlorine water 
gives with a solution of the hydroxide a bright- 
red colouration even in very dilute solutions. 
For the detection of berberine in plants, aee 
Gordin, Arch. Pharm. 1902, 240, 146. The 
same author recommends for its estimation the 

n itation of the alkaloid as sulphate from 
oholic solution, the decomposition of the 
sulphate by potassium iodide and the titration 
of the sulphuric acid liberated by means of 
iV/40 potassium hydroxide {ibid. 1901, 239, 638). 

Constitution . — The main features of the 
constitution of berberine wore determined by 
Perkin (Chem. Soc. Trans. 1889, 56, 63 ; 1890, 
57, 992) by a study of its oxidation products, 
and subsequent work by Gadamor (Chem. Zeit. 
1902, 26, 291, 386 ; Arch. Pharm. 1906, 243, 
31 ; 1910, 248, 43), Perkin and Robinson (Chem. 
Soc. Trans. 1910, 97, 321), and Tinkler {ibid. 
1911, 99, 1340), established the formula given 
below, which has since been confirmed through 
the synthesis of the alkaloid by Pictet and Gams 
(Ber. 1911,44, 2480). 



Attention may be drawn to the similarity 
between the formula of berberme and that of 
hydrastine which occurs with it in Hydraaiia 
canadenaia (Linn.). 

Oxyoanthine Ci 9 H|iOsN accompanies ber- 
berine in Berberia vulgaris (Linn.) (Polex, Arch. 
Pharm. 1836, [ii,] 6, 271 ; Hesse, Ber. 1886, 
19, 3190; Rudel, Arch. Pharm. 1891, 229, 
631), and may be isolated from the mother-liquor 
from which all the berberine salt has crystallWl 
by precipitation with sodium carbonate. It 
crystallises with difficulty from alcohol or ether, 
m.p. 208°~214° (Hesse), is insoluble in water, 
easily soluble in chloroform, less so in alcohol. 
The alcoholic solution is dextrorotatory, and 
has a bitter taste. It yields crystalline smts 

F. L. P. 

BERENGEUTB. A bituminous resinous 
mineral from San Juan de Berengela, melting 
at 100°, soluble in alcohol and ether. According 
to Dietrich, specimens from Trinidad and Arica, 
Chile, contained 71*84 0, 9'95'H, and 18*21 of O 
(Chem. Zentr. 80, 659). Used for oatdkiiig ships. 

BER0A1IOT V , Oils, Essential. 
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BERGMANH'S POWDER. An explosive! 
compos^ o£ 60 parts potassium chlorate, 5 of 
pyrolusite, and & of bran, sawdust, or tan (J. 
37, 1748). 

BERLIN BLACK. A black varnish drying 
with a dead surface, used for coating ironwork. 

BERLIN BLUE or PRUSSIAN BLUE v. 

Cyanides. 

BERNTHSEN’S VIOLET. I^oihionine, p- 
Amidoihiodiphenylimide. Formed by reduc- 
ing ) 3 -dinitrodiphenylaminesulphoxido and oxi- 
dising the leuco- base with ferric chlondo. The 
hydrochloride crystallises in needles. Dyes 
radish- violet. Isomeric with LaiUKs violet 
(Bemthsen, Annalen, 230, 133). 

BERRY WAX v. Waxes. 

BERTHIERINE v. Thurimutk. 

BERTHIERITE. Iron mlphanlitnonite (r. 
Antimony). 

BERYL. A mineral consisting of glucinum 
aluminium silicate GlaAlsSieOig, crystallising 
111 the hexagonal system. The ancient name, 
pUpvWost induded also some other gem-stones 
of a greenish colour. The crystals are usually 
quite simple in form, with only the hexagonal 
prism and the basal plane ; the habit being 
commonly pnsmatic and the prism faces striated 
vertically. They are usually cloudy or opa<]uc, 
with a pale-greenish or yellowish colour and are 
often of considerable size, crystals weighing as 
much as one or two tons having been found at 
Acworth m Now Hampshire. The sp.gr. is 
2*63-2*80, and the hardness 7^-8. The material 
is not attacked by acids, except hydrofluoric ; 
and before the blowpipe is fusible only with 
difliculty on the edges. 

Crystals of a different type are found in asso- 
ciation with lithia minerals (Icjudolito and rubcl* 
lite) in pegmatites in the Urals, California, and 
Madagascar. These are tabular in habit and 
rose-red ’ or colourless. Further, they diflPer 
chemically in containing small amounts of 
alkalis {Cs,0 3*1, LijO 1*4 p.c.). V. Vernadsky 
(1908) expresses the composition by the for- 
mula ri j 1 X 1 , 8140 1 2 - yA, where A is GIH 281 O 4 , 
G 1 Si 02 (?), CsjSiOa, LiaSiOs, or NajiSiO, ; and 
for the cirsium- bearing variety he proposes the 
name vorebyemte. 

Being by far the most abundant of glucinum 
minerals, beryl is employed for the preparation 
of the little-used salts of glucinum. It .finds 
more extensive application in jewellery. The 
clear grass-green variety is the emerald^ one of 
the most valuable of gems on account of the 
rarity of flawless material. Gem-stones of a 
greenish, bluish, or sea-green colour are known 
as aquamarine. Pink beryl of gem quality has 
been called morganite, and a gdden be^l from 
South-West Africa is given the name hdiodor. 
For a fuller description of material of gem 
quality and its occurrences, see M. Bauer, 
Precious Stones, transl. by L. J. Spencer, 
London, 1004. On the gem beryls from 
Madagascar, see A. Lacroix, Min^ralogie de 
la France, 1910, 1913. L. J. S. 

BERYLLIUM v. Glucinum. 

BERZELIANITE. Native copper selenido 
CugSe, occurring in a black powdery form in 
oaldte at Skrikerun\in Sweden and at Lehrbach 
in the Harz. Namra after the Swedish chemist 
J. J. Berzelia/( 1779- 1 848), who first analysed it. 

L, i. S. 


BERZEUTE. Arsenate of calcium, manga- 
nese, and magnesium (Ca,N[n,Mg)aAs 20 g, occur- 
ring as small yeUow cubic oryst^, and as com- 
pact masses, with ores of i^ and manganese 
at Lngban in Wermland, Sweden. Also 
named after J. J. Berzelius. Other forms of the 
same name, berzeline and berzelite, have been 
applied to these, as well as to some other minerals. 

BESSEMER STEEL u.-lRON. 

BETAFITE. The betafite group of minerals, 
recognised by A. Lacroix in 1912 in the fiegma- 
tites of Madagascar, includes betafite, samiresite, 
and blomstrandite (of G. Lindstroro, 1874). 
They are titano-columbates (and tantalates) of 
urenium, &c., crystallising in the cubic system, 
and closely allied to pyrochloro and hatohottolitc. 
From the former they differ in containing only 
little lime and raro-earths and an absence of 
alkalis and fluorine ; and from the latter in 
containing titanium. Betafite is a hydrated 
titano-columbato of uranium (UO, 26-28 p.c.). 
Sharply developed octahedral crystals with Uio 
edges truncated by faces the rhombic- 
dodecahedron have been found in considerable 
numbers at Amboletara near Betafo, and other 
localities in Madagascar. They reach an inch 
in diameter, and snow a dull yellow weathered 
surface, but in the interior the material is 
brownish-black witli a bright greasy lustre. 
Sp.gr. 3*69-4*47r) depending on the degree of 
hydration. Samiresite, a iitano-columbate of 
uranium (UO, 21 p.o.) and lead, is from Samirosy 
near Antsirabe* In blomstrandite a part of 
the columbium is replaced by tantalum. (A. 
Lacroix, Mineralogie de la Franco et de see 
colonies, 1913, vol. v.) L. J. S. 

BETAINE mljr be 

regarded as the mtcmal anhydride of the 
acid (CH 2 ) 3 N(OH)*OIl 2 COOH derived from 
acetic acid by the replacement of one atom of 
hydrogen by trimothyl hydroxyammoniuni. 
It occurs in beets and mangolds (especially 
unripe roots), in cotton seed, ^ the shoots of 
barley, in wormseed {Artemisia gallica) and in 
many other plants, often in association with 
choline, from which it may readdy bo obtained 
by oxidation. For observations on the localisa- 
tion of betaine in plants and its part in the 
nitrogen metabolism, see StanSk (Zeitsch. 
physiol. Chem. 1911, 72, 402). Betaine is found 
in the extracts of muscles from the scallop, 
periwinkle, and lamprey. 

Betaine can be synthesised by the inter- 
action of chloracetic acid and trimethySimine 
(Liebrcich, Ber. 1869, 2, 13). It can also ^ 
obtained by the action of a methyl haloid uipon 
methyl dimethylaminoacetate (J. Chem. doc. 
Abst. 1914, 1, 938). 

It can be extracteci^rom beet-root molasses 
bv dilution with water, boiling with ba^ta, 
filtering, precipitating the excess of BaHiOf 
with CO 2 , evaporating the liquid to small volume, 
and extracting with alcohol. The alcoholic 
solution is treated with alcoholic zinc chloride, 
the ppt. reorystallised f|pm watei^and decom- 
posed by baryta water. Th# barium is then 
exactly removed from the filtrate by HgSOf, and 
oetaine hydrochloride ciyUtallises on evaporation 
(liebreioh, Ber,^3, 161 ; Fruhling and Schulz. 
Ber. 10, 1070). 
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Urban (Zeitsoh. Zuokerind. Bohm. 1913, 37, 
339) giveB the following method. The evapo- 
ratM molaseei residues are mixed with an 

S tud volume of concentrated hydrochloric acid. 

ter cooling, the'^ali chlondes which have 
separated are removed filtration, and the 
filtrate is evimorated. The volatile organic 
acids and hydrochloric acid pass away, and 
humus substances are precipitated. These are 
also filtered off, and the residue further evapo- 
rated to a thick syrup. This is dissolved in 
water, filtered, decolourised by charcoal, and 
concentrated, when nearly pure betaine hydro- 
chloride separates out (cjr. Ehrlich, Bcr. 1912, 
46, 2400; also Andrlik, Z. Zuckerind, Bohm. 
1915', 39, 387 ; J. 8oc. Chem. Ind. 1915, i. 781 ; 
J. Soc. Chem. Ind. 1915, 1064). 

A general method of obtaining betaine from 
plant extracts is to precipitate with lead acetate, 
niter, remove the lead by sulphuretted hydrogen, 
filter, evaporate to dryness, extract residue with 
alcohol, and precipitate with alcoholic mercuric 
chloride. The mercuric double salt is then 


recrystallised, cJocomposed by sulphuretted 
hydrogen, and the hyarochlorido obtained from 
the solution by evaporation, if choline is also 
present, it can bo removed from the mixed 
nydrochlorides by extraction with cold alcohol, 
leaving the betaine hydrochloride (Schulze, 
Zeitsoh. physiol. Chem. 1909, 60, 155). 

Betaine ciystallises from alcohol in largo 
crystals containing one molecule of water. It 
is deliquescent in air, and loses its water when 
dried over sulphuric acid, h'trong sulphuric 
acid has but little action upon it, oven at 120^ 
(Stanck, Zeit. Zuckerind, Bohm, 1902, 26, 287). 

It is neutral to litmus, and has a sweet taste. 
It mtlts and decomposes at 293° (Willstatter, 
Bor. 1902, 35, 584), giving off the smell of tii- 
mothylamino and of burnt sugar. The auri- 
chloride 0.HiiN0,'HCl’AuCl4, forms plates or 
needles which melt at 209° (Willstatter), or, ac- 
cording to Fischer (Ber. 1002, 35, 1693), at 250°. 
The platiniohlorido PtCL2((;5H, iNOj, HC1),4H20 
forms large plates ; alter losing its water it 
melts and decomposes at 242° (Willstatter). 

UaHi,NOa*HCl is very soluble in water, 
slightly soluble in cold alcohol. C.HnNOi'HI 
is soluble in water or boiling alcohol, and melts 
at 188°- 190°. A compound with K1 crystallises 
as (C5H|iN0a)j*KI,2H20, m.p. 139° (Korner and 
Menozzi, Gazz. chim. ital. 13, 351), or, if anhy- 
drous, at 228°-229° (Willstatter). 

Stoltzenberg (Zoitsch. physiol. Chem. 1914, 
92, 446) prepared the following compounds of 
betailio : — 


The hydrofluorido and acid hydrofluoride, 
basic hydrochloride (CgH, ,N02)aHCl’H,0, mono- 
clinic prisms, m.p. 260° (deconip.) ; CjUnNOg* 
HBr, m.p. 233° (dccomp.) ; basic hydrobromide 
(C5H,iNO|)aHBr, priaipis, m.p. 262°; basic 
hydnodide* (0»H,i]NOj)j|HI, glittering plates, 
m.p. 242° ; basic aurichlonde SC-HnNO,. 
iAuCL'HiO, yellow crystalline powder, m.p. 
169° (deoomp.) ; basic aunbromide SCjHuNO,* 
4AuBr4, mm. 186° ; auiibromide C^HnNO,* 
HAuBr^, daS% brown pjates, m.p. 260° (decomp.); 
two platinichlc^ides, one with 4H,0, m.p. 
264°-266°. the other with SH^O, m.p. 255°-260f; 
a basjp platiniohloiAvie 6C.H^NOa*4H4PtCl4, 
orange orystats, m.p. 246° ^decomp.) ; the 
pkosphate, m.p. 199° ; the sulphate (CtU4xNOB)g 


H1SO4, rhombio crystals, m.p. 180 ° ; the 
nitrate, m.p. 124°; the chlorate, m.p. 116° 
the dichromate, m.p. 22G°-227° (decomp.) 
and the permanganate, m.p. 120°. The chlorati 
and permanganate explode on percussion oi 
rapid heating. 

On heating betaine with potassium hydroxide 
at 200°-220°, about one-third of the nitrogen it 
eliminated as trimethylamine, carbon dioxide 
being evolved. The compound in alkaline solu- 
tion gives a hpdrochhnde C4H904N,HC1, m.p. 
187°- 189°. The platinochloride forms a yellow 
crystalline mass, m.p. 120°-121° (Albers, Chem. 
Zeit. 1913, 37, 1633). 

The term * betame * is now generally used 
for substances containing the group 

with other alkyl- groups than methyl, or othei 
acyl- groups than acetyl. 

Thus, dimvthylethyhicelylbetaine or (since 
acetyl is to be understood if no acyl- group u 
mentioned) diniethyl^hylbetaine 

cry8tallise.s from alcohol in four-sided plates, 
melting and decomposing at 229°-23L° (Will 
stutter), while trimeihylbulyrdbetaiTie 

(CH3)aN 

crystallises in colourless plates with ; in 

the anhydrous state it softens at 130° and 
decomposes at 222° (Willstatter). 

The betaines are isomeric with the esters 
of amino- acids ; thust ordinary botaino is 
isomeric with methyldimethylaminoacetate 
(CH8)3 N’CHj*CO*OCHj, a volatile oUy liquid, 
b.p. 135°, while trime^ylbutyrobetaine is iso- 
meric with methyl-7-wmethylaminobutyrate 
(CH,). : N CH, CH, CHa COO CH», b.p. 171^- 
173°. 

(For betaines of the pyridine series, see 
Kirpal, Monatsh. 1908, 29, 471). 

According to Schulze and Trier (Zeitsch. 
physiol. Chem. 1910, 67, 46), the three betaines 
which have been isolated from plant tissues are : 
betaine, trigonelline [found in fenugreek by 
Jahns (Ber. 1885, 18, 2518) associated with 
choline], and stachydrine, found in the tubers 
of Stachys tuberifera and in the leaves of Citrus 
aurantium (v. Trigonelline and Stachydrine). 

BeUiine C4H11O2N {lycme, oxynevrine) occurs 
in sugar-beet and in numerous other plants. 
Crystalline, m.p. 293° (dry), optically inactive. 
Sweet taste. The hydroemoride has been used 
in medicine. It is formed by the oxidation oi 
choline and by the action of trimethylamine 
on chloroacetio acid 

CH,Cl COOH+NMe. Cl NMej CHa COOH 
Chloroacetio Trimethyl- Betftine liydrochloride. 

acid. amlue. 

-> irMe,-CH,CO-<!) 

Betftine. 

The special anhydride grouping (betaine 
grouping) characteristic of Mtaine occurs in 
several natural alkaloidq^ e.g. trigoneltine. 
Naturally occurring betaines of other amino- 
acids are betonioine, ei|(othioneinlf, hypaphorine, 
trime^ylhistidine, ti^oneUine^ ana staehy- 
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drine. See Bargar, The Simpler Natural Bases , 
ohap iii., Longmaus, 1914. H. I. 

BETAINES are oompletely methylated amino- 
acids with quinquevalent nitrogen. Bases of 
this type derived from several of the amino- 
acids of protein occur naturally in plants and 
animals. Betaine par excellence 

is the most important and thh simplest, being 
trimethylglycine, and later gave its name to 
the whole class (for the nomenclature and 
general properties of which, see VVillstatter, Ber. 
1902, 36, 5^, and S. Komatsu, Mem. Coll. Sci. 
Kyoto, I91G, 1, 309). Betaine (acetobetaine, oxy- 
neurine, lycine) occurs in Beta vulgaris, the sugar- 
beet, and in all other Chenopodtacere examined, 
sporadically in a number of other plants, in 
mussels, outtle hsh, crayfish, &c. For localisa- 
tion and migration of betaine in plants, me 
Stani'k (Zeitsch. physiol. Ohem. 1911, 72, 402 
and Zeit. Zuckerind, Bohm. 1910, 40, 300). 
Young sugar beets contain more than older 
ones. Crude beet-sugar may contain 0*375 p.c. 
of betaine (Waller and Plimmer, Proc. Roy. 
Soc. 1903, 72, 346). The only practical natural 
source is the final mother liquor left after 
dcsaccharification of the molassc.s by strontium, 
which liquor, with 20 p.c. of water, may con- 
tain 115 grams of betamo per kilo. The extrac- 
tion of betaine is apparently best carried out 
by vigorous agitation with 90 p.c. alcohol. 
After evaporation of the alcohol the betaine is 
converted into clilorido and crystallised as 
such. Yield of the liquor of pure chloride 
10-12 p.c. of the luiuor employed (Khrlich, 
Her. 1912, 46, 2409; D. R. P. 167173; cf, 
Stoltzenberg, Bor. 1912, 45, 2248; D. R. P. 
243332 ; and Chem. Zentr. 1914, i. 22 ; Urban, 
Zeit. Zuckerind. Rohm. 1913, 37, 339 ; 

Andrlik, tbid. 1916, 39, 387). 

Betaine is also obtained by the oxidation of 
choline (‘ oxyneurine,’ Liebreich, 1869), by the 
methylation of glycine and, as chloride, by the 
action of trimethylamino on chloracctic acid. 
A synthesis by heating mcthyidimethylammo- 
acetate with methyl halides and subsequent 
hydrolysis of the betaine ester with ^cids is 
stated to give a quantitative yield, and has 
been patented (D. B. P. 269338). For 
the isolation from plant extracts (8chulzo) 
and estimation (Stan6k), see the article on 
Choline. 

Betaine crystallises from alcohol in deli- 
quescent crystals, which lose one molecule of 
water at 100°, presumably changing from the 
ammonium hydroxide to' the cydio anhydride. 
It melts at 293° with partial isomerisation to 
methyldimethylaminoacctate (Willstatter, l.c.). 
It is a very feeble base, and neutral to litmus. 
The cKhride a(CH8),N*0Ha*C00H forms leaflets 
very soluble in water, and peculiar among the 
chlorides of organic bases in being hardly 
soluble in alcohol (1 part in 366 c.c. at room 
temperatures ; separation from choline and 
other bases). This salt has a strongly acid 
reaction and has been used as a solid suMtitute 
for hydrochloric agid under the name * acidol * 
in the preparation of tablets, Ac. (c./. acid pepsin 
tablets, D.' K. P. 172862). When pure it is a 
convenient standard for alkalimetiy. The 


auHchloride C 8 Hii 08 N*fiAuCl 4 is the most 
characteristic derivative, and is dimorphous; 
regular, m.p. 209°, and rhombic, m.p. 248°- 
260° (Fischer, Ber. 1902, 3^ 1693 ; Willsthttor, 
ibid. 2700). The plaiinichlaride 

(C8H„0,N)8H,PtCl4, 

m.p. 242°, crystallises from hot water in anhy- 
drous needles, which in contact with the aqueous 
mother liquor form four-sided tables with 4H|0 
(Trier, Zeitsch. phy.siol. Chem. 1913, 86, 372), 
who recommends this as a test for betaine). The 
ptcraie, m.p. 180°, may also be used for the 
separation from mixtures. A large number of 
other salts have been described by Stoltzenberg 
(Zeitsch. physiol. Chem. 1914, 92, 446). Betaine 
is not a nitrogenous food ; it has no appreciable 
action on animals, and the part played by it in 
plant economy is obscure. 

Other betaines occurring naturally, are : 
Stachpdrine 

OH,— cnrc^^^o 
(Ih,— CH'^(OIS), 

a 

the betaine of a-pyrrohdino carboxylic acid 
(prolinc) was discovered in tho edible tubers of 
Stavhys tubifcra (Von Plonta, Ber. 1890, 23, 
1(>99), and occurs in a few other plants. Accord- 
ing to Yoshimura and Trier (Zeitsch. physiol. 
Chem. 1912, 77, 290), the alkaloid chrysantho- 
mino described by Marmo-Ziico as occurring in 
Dalmatian insect powder {Chrysanthemum cine- 
lariaefolium) isa a mixture of stachydrlno and 
choline. Stachydrino has boon obtained synthe- 
tically by methylating proline (Engolaml, Ber. 

1909, 42, 2962), and from tho methyl ester of 
hygrio acid (Trier, Zeitsch. physiol. aChom. 

1910, 67, 324). 

Betonicine 


HOCH— 

C^,— Cllf^ (Ch,), 

is dextro rotatory oxy proline betaine and turicine 
ite stereoisomer. Both occur in Betonica 
officinalis and have been obtained by methylating 
natural oxyprolino (Kiing, Zeitsch. physiol. 
Chem. 1913, 86, 217), and natural 4-lwdrohygric 
acid (Goodson and Clewcr, Trans, (^hem. ooc. 
1919, 116, 92.3). 

Tnmeihylhtshdine 

/NH— CH (CHjlaN — 0 
CH( .. J I 

c— CHjj— CH— CO • 

the betaine of histidine, has been obtained 
from fungi (Kutschcr, Zcntralbl. f. Physiol. 
1910, 24, 775 ; Router, Zeitsch. physiol. Chem. 
1912, 78, 167), and by the oxidation of ergothio- 
neine (Barger and Ewvis, Bioohem. J. 1913, 7, 
204). The latter base contains an additional 
sulphur atom in the glyoxaline ring and occurs 
in ergot (q.v.). 


iryptophane, occurs in &ie seeds 
Mypaphorus of Java (Gresitofft 


the betaine of 
'of Srythnna 
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Mededeeliisgea ait’s Lands Plantentuin, 1898). 
For constitution and synthesis, see Van Rom- 
borffh and Baiger, Chem. Soc. Trans. 191 1, 99, 


All the above. are derived from a-amino* 
acids. The next three are not. Trigonelline 
CH 


ch/'V’^o 

(CH3)N O 

the betaine of nicotinic acid, has been found in 
quite a number of plants, but generally only in 
very small amount. It probably occurs in 
many more species. It was discovered in the 
fenugreek {Trigotiella feenum grvccum) by Jahns 
(Ber. 1886, 18, 2618), who later showed it to be 
identical with the ’ mothvlbctain ’ of nicotinic 
acid, already synthesised by Hantzsch (Ber. 
1880, 10, 3140). 
y- Bntyrobelaine 

was obtained £y Takcda (X^ilugcr’s Archiv. 
1010, 133, 306) from dog’s urine after phos- 

S horus poisoning (which interferes with the 
oaminating action of the liver). It is almost 
certainly i^ntical with one, if not with three, 
of Briegcr’s putrefaction bases (Untersuch. 
liber Ptomaine, i. p. 27, Berlin, 1886), and was 
iirst synthesised by Willstiittcr (Ber. 1002, 36, 
584). 

Carnitine, u-hydroxy-y-buty^pbetaine 

(CH.).:X<«7^Z^«0>CH0H 

is a hydroxy derivative of the foregoing, and 
was iaslated from meat extract (yield 1.3 p.c.) 
by Gulewitsch and Krimberg (Zi'itscli. physiol. 
Cnom. 1906, 46, 320), and by Kutscher (Zeit. 
Unters. Nahr. Genussra. 1905, 10, 628; ‘no- 
vain ’). According to the latter, it is identical 
with a base C7H.50aN, isolated from human unne 
by Dombrowski (Gompt. rend. 1902, 136, 244). 
Heating with Uhryta yields trimcthylamine and 
crotonio acid ; phosphorus and hydriodic acid 
reduce to y-butyrobetaine. Baceinic carnitine 
was probably synthesised by Fischer and 
Goddertz (Her. 1910, 43, 3272). The small 
differences from natural carnitine were probably 
connected with the optical activity of tiic latter 
substance. 


Myohynine, isolated by Ackermann (Zoit. 
Biol. 1912, 69, 433) from the muscles of horses 
and dogs, is probably 1-hexamethyl-ornithine 
(Cll3)aV(OH)CH,CH3CH|CH(CO()H)N'(CH,),OH 

All the above bases, or at least all the a- 
betaines, are without marked physiological 
activity. 

For a fuller account of betaines, eee Barger, 
The Simpler Natural Bf^s, Longmans, 1914. 

G. B. 

BETEL. A mixture of the leaf of the betel- 
j^pper, Pfper BeiU (Linn.) with the fruit of 
Artca caJtecnu (Linn.) or betel nut and chunam 
(lime obtainojcl by calcining shells), universally 
used by the peome of Qentral and Tropical Asia 
as a masticator^.' 

BETEL-MUT. The fruit of Areca co/ech^ 
(Lm n.)|». Abjioa Nut.^ 

BBita-A-BARlIA WOOD. « A wood im- 
polted from the West C!oast of Africa, much 


valued for its toughness and oapability bl 
receiving a high polish. The interstices ox the 
fibres are filled with a yellow crystalline sabstaace 
which can be extracted from the sawdust 
heating with distilled water containing a little 
sodium carbonate, and precipitating theresultiiijg 
claret-coloured solution with acetic acid. It is 
purified by repeated crystallisations from 80 p.c. 
alcohol. By precipitating the red solution with 
hydrochloric acid and washing the resulting 
precipitate with ether, Greene and Hooker 
fAmer. Chem. J. 11, 267) fdund the crystals to 
be identical in all respects with lapachio acid. 

If differs from chrysophanio acid by melting 
at 136** and in not forming a compound with 
alum (Sadtler a. Rowlana, Amer. Chem. J. 
1881, 22). (For tables showing the difference in 
the reactions of brasiiin, hsematoxylin, santalin, 
and beth-a-barra, v. Amer. Chem. J. 11, 49, and 
Wagner’s Jahr. 28, 637.) 

BETOL jS-NAPHTHOL SAUCYLATE v. 
Synthetic dbuos. 

BETONICINE r. Betaines. 

BETORCIN or ORCIN CsH.oO.. A sub- 
stance obtained by the decomposition of bar- 
batic acid, found in the lichen IJanea barbata. 
It is less soluble in water than orein, and gives a 
deeper crimson colour with hypochlorites. 
Kostanccki has obtained it by the action of 
nitrous acid on m-amino-p-xylenol, thus showing 
that it is a dihydroxy-xyleno (dimethylrcsorcinol) 
having the substituting groups in the positions 
CHb, OHg, OH, OH«:l, 4, 3, 6 (Stenhouse a. 
Groves, Chem. Soc. Trans. 37, 396 ; Lampartie, 
Annalen, 134, 248 ; Menschutkin, Bull. Soo. 
chim. 2, 428; Kostaneoki, Ber. 19, 2321). 

BETULA RESIN v. Resins. 

BETULOL C15H14O, a bicyoUc sesquiterpene 
alcohol of the terbeno type found in birch oil, 
B.P. mm., D>®0-9777, n 

OjJ— 28'6°. Slowly absorbs hydrogen in pre- 
sonce of platinum yielding tetrahydrobetrol, 
b.p. 163‘*-168714 mm., D^® 0 9416, 1-4908, 

fl p— 6.8®, and bicyclic tetrahydrdbeiulene Ci^Hip, 
b.p. 118®-120711 mm.', Dl® 0-8737, n^® 1-4744, 
3®. For other derivatives see Semmler, 
(Jonas and R ichter, Ber. 1918, 61, 417). 

BEZETTA. Toumesol en drapeavx, Schmink- 
lappehen, Bezetla rubra et coerulea, A dye or 
pigment prej^ared by dipping linen rags in solu- 
tions of certain colouring matters. Red bezetta is 
coloured with cochineal, and is used as a cosmetic. 

Blue bezetta {Toumesol en draj^ux), which 
is chiefly used for colouring the rind of Dutch 
cheeses, is prepared at GaUarguas, near Nimes, 
in the department of Gard, from a euphorbi- 
aoeouB pumt, Chrozophora tinctoria (A. Juss.) 
[Croton tinctorius^. The fruits and the tops of 
the plants are gathered, and, the juice being 
expressed, rags of coarse cloth are dipped into it, 
then dried, and afterwards eiroosed to the fumes 
of mules* or horses’ dung. This last operation 
is called cUuminadou. The cloths are turned 
from time to time, to ensure uniform colouration 
and prevent any part from being exposed too 
long to the fumes of the dung, which would 
turn them yellow. They^are then dried a 
second time, again soaked m the juice, mixed 
t^ time with urine, and lastly ex^Mwd for some 
time t8 the action of the son and wind. The 
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quantity thna manuiactnred amounts to about 
60 tons yearly. The blue of bezetta is reddened 
by acids like litmus, though not so quickly, but 
differs from the latter in not being restor^ by 
alkalis. According to Joly, the same dye may 
be obtained from other euphorbiaceous plants, 
Chrazorphora oblongata [obhqua (A. Juss.) ?j, 
C. plicata (A. Juss.), Argtthamma Iricusputata 
(Muell.), Mereurialia perennia (Linn.), and M. 
Umenioaa (Linn.). The juice exists in all these 
plants in the colourless state, and turns blue only 
on exposure to the air (Handw. d. Qiem. 2, [11 
1030 ; Gerh. TraiU, 3, 820). 

BEZOAR. This name, which is derived from 
a Persian word signifying an antidote to poison, 
was given to a concretion found in the stomach 
or intestines of an animal of the goat kind, 
Capra o/egragvs, which was once very highly 
valued for this imaginary quality, and has thence 
been extended to all concretions found in 
animals. 

According to Taylor (Phil. Mag. No. 186, 30, 
and No. 186, 192), bezoars may be divided 
into nine varieties : 1. Phosphate of calcium, 
which forms concretions in the intestines of many 
mammalia. 2. Phosphate of magnesium ; 
semi-transparent and yellowish, and of sp.gr. 
2*160. 3. Phosphate of ammonium and mag- 
nesium ; a concretion of a grey or brown colour, 
composed of radiations from a centre. 4. 
Oxalate of calcium. 6. Vegetable fibres. 6. 
Animal hair. 7. Ambergris. 8. Lithofellio 
acid. 9. Ellagio or bezoardio acid. 

Of true bezoars there are three kinds : Oriental. 
Occidental, and Gorman. The true Oriental 
bezoars found in the Capra osgragua, the gazelle 
{OazeUa dorcaa), and other ruminant animals, 
are spherical or oval masses, varying from the 
size of a pea to that of the fist, and composed of 
concentric layers of resinous matter with a 
nucleus of some foreign substance, such as pieces 
of bark or other hard vegetable matter which 
the animal has swallowed. They have a shining 
resinous fnioture, are destitute of taste and odour, 
nearly insoluble in water and aqueous hydro- 
ohlorio acid, but soluble for the greater part in 
potash lye. These characters suffice to distin- 
guish the Oriental bezoars from those varieties 
which contain a considerable quantity of in- 
organic matter. There are two kinds of thorn, 
the one consisting of ellagic, the other of litho- 
feUio acid. The Utter have a more waxy lustre 
and greener colour than the former, and are also 
distinguished by their lower sp.gr., viz. 1*1, 
whilst that of the ellagic acid stones is 1*6. They 
contain, besides lithbfellic acid, a substance 
resembling the colouring matter of bile, and are 
perhaps biliary calculi. Oriental bezoars are 
greatly prized in Persia and other countries of 
the East for their supposed medical properties. 
The Shah of Persia sent one in 1808 as a present 
to Napoleon. The Occidental bezoars are found 
in the lama {AwMnia glama) and in A. vicugna. 
They resemble the Oriental in external appear- 
ance, but differ totally in their chemical cha- 
racters, inasmuch as they consist chiefly of cal- 
cium phosphate, with but little organic matter. 
German bezoars, which are chiefly obtained 
&om the chamois .or gemsbock (Rupicapra 
tragus), consirt chiefly of interlaced vegetable 
fibm or anfmal* hain bound together by a 
leathery coating. * 


BICUHYBA FAT. Sts Mybistioa fit 

OBOU7. 

BXDRT. An Indian alloy of zinc, copper, 
and lead, and occasionally |/n. Articles of this 
alloy, after being turned in a lathe and engraved, 
are blackened by immersion in a solution of sal 
I ammoniac, nitre, common salt, and copper sul- 
phate. Known also as Vidry, 

BIEBRICH ACID RED, PATENT BLACKS, 
SCARLET PONCEAU v. Azo- colourikg mat- 
ters. 

BIGNONIA TECOMA.^ TECOMIN. The 

Bignonia tecoma is a somewhat common tree in 
the uplands of Minas, Brazil, which when fully 
grown is about 30 foot high and in September 
IS covered with brilliant yellow flowers. The 
natives mix the sawdust and shavings of this 
tree with slaked lime, heat the mass with water 
and employ the resulting bath to dye cotton 
cloth. A paste made of the sawdust mixed with 
lime is also used to stain lighter-coloured woods 
a deep brown. By exhausting the sawdust 
with boiling 86 p.c. alcohol and concentrating 
the extract, Lee (Chem. Soc. Trans. 1901, 79, 
284) isolated the colouring matter tecomin. 
This, which has apparently not been submitted 
to analysis, forms shining chromo-yellow crystals 
possessing a nacreous lustre, soluble in idkalia 
with a rose-red colouration. 

A further quantity of this compound could 
be isolated from tlio alcoholic filtrate, the total 
amount thus given by the wood being approxi- 
mately 6 p.c. 

The sawdust extracted with alcohol still 
contains a deep brown dye whicli ma^ now bo 
removed from it by alkalis, and by acidification 
tins is deposited as an amorphous brown 
powder. Nothing is at present known as 
regards the relationship, if such exists, between 
tecomin and the colouring matter of chica red 
or carajura, which originates from the Bignonia 
chica. A. G. P. 

BIKHACONITINE v. Ac otinine. 

BILBERRY. Vaccinium Mfiiillua (Linn.)* 
Konig gives as the average composition of the 
fruit: 

Freo Other carbo- Crude 
Water Protein acid Sugar hydrates fibre Ash 

78-4 0 8 1*7 6*0 0*9 12*3 1*0 

According to Otto (Btcd. Zontr. 1809, 28, 
284), Silesian bilberries contain from 3*6 to 7*0 
p.c. of sugar and acid corresponding to from 
0*9 to 1*6 p.o. of tartaric acid. He found 
that fermentation of the juice with ordinary 
yeast was very slow unless some nitro^nous 
matter {e.g, ammonium chloride or, better, 
asparagine (about 0*6 gram per litre) ) were 
added. Bilberries contain a small quantity of a 
wax melting at 71* (Seifert, Landw. Versuchs- 
Stat. 1894, 46, 29). ^ 

The juice of bilbemes contains from 4 to 
9*6 p.c. of total solids, 0*26 to 0*31 p.o. ash, and 
acidity corresponding to from 16*6 to 19*6 o.o. 
N/1 alkali. The juice contains some substance 
wnieh gives a blue colouration when heated with 
by^ocUorio acid. This colouration is ap- 
parently not connected ^th Aie red colouring 

• > According to Holmes the name Bignonia Ueoma 
does not appear In the ^ew Indi^ only 
Bignonia ttemoHdUt which Is, however, a shrubby 
species. 
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matter of the berriee and appears to be oha- 
raoteristio of the VaeciniacecB for cranberries, 
Vaceinium vitis Idaa also yield the same 
reaction (Plahl, Zcitsch. Nahr. Qonussm. 1007, 

The sugar in bili)errie8 is entirely invert 
sugar (Windisoh and Boehm, Zoitsch Nahr. 
G^ussm. 1908, 8, 347). The ash contains: 

K.O Na ,0 CoO MgO F0aOjMngO4P,Oj SO, SiO, 
57-1 5-2 80 01 11 21 17-4 31 0-9 

(Borggreve and Hombergor, Bicd. Zentr. 1886, 
487). 

Bilberries contain a red-brown dye, insoluble 
in aoiQified water and a soluble dye which, when 
boiled with acid, yields sugar and the iiinoluble 
colouring matter (Woigert, Biod. Zontr. 1896, 
26, 68). 

The juice of this berry (Gcr. Flriddbcere) 
is used for colouring uines. The colouring 
matters of grapes and of bilberries behave in 
aq almost identical way with most reagents 
(Andre^o, Arch. *T>harm. [3] 1.3, 90; Ber. 13, 
682 ; Pluhl, (licm. Zentr. 1907, i. 837). 

To detect bilberry juice in wine, 60 o.c. of 
the wine is made faintly alkaline with suditim 
hydroxide, and evaporated to half its volume. 
After cooling it is made unto the original volume 
and precipitated with lead acetate. 'J'ho filtrate 
is then precipitated with sodium sulphate and 
after Altration the solution is acidified with 
hydrochloric acid. If any vegetable colouring 
matter is still present, the i^lution at once 
becomes red, but the blue colour given by 
bilberry only appears on heating the solution in 
a bojjing water- bath. In this w'ay 2 p.c. of 
bilbei^y juice can be detected (Plahl, Chom. 
Zentr. 1908, i. 1482). 

According to Vogel (Ber. 21, 1746), the 
colouring matter of grapes and of bilberries can 
be readily distinguished by their absorption 
spectra, providing the wine is not too conoon- 
t rated, and after adding a trace of alum solution, 
it is carefully &3utralised with ammonia. After 
long keeping, however, tho colouring matters 
cannot be distinguished in this way. 

The colouring matter of the juice can be 
extracted by neutralising it with caustic soda and 
then treating it with hide po w^der. Af tor two days 
tho hide oowder containing the colouring matter 
is hlteroa o£F, washed with water, and treated 
with dilute hydrochloric acid, after which it is 
precipitated with dilute soda. Tho colouring 
substance, probably is soluble in 

mineajil and organic acids, but insoluble in water, 
alcohol, ether, chloroform, or benzene. It 
reduces Fehling’s solution, and is decomTOsed by 
hot oono. sulphuric acid, a oompound OwHj^O^ 
being thrawn down when water is addea to the 
red solution thus obtained. The colouring 
mat^ is oxidised by if^trio acid to oxalic ana 
picric acids. It slowly decomposes on stand- 
ing, evolving carbon dioxide, and its solution 
when treated with ooppor sulphate or zinc 
chloride^ turns violet; with lead acetate it turns 
blue, and r/ith ferric chloride dark • brown 
(Nachen, Chem.|Zontrri896, 66, 1084). 

Conaiderahle quantities of citric and malic 
acids are present in tlm juice, which also containn 
hydrocCrbons, glucosK, pentoses, and inositol 
(ij^hen, l.e.). Ammonia tur&s bilbeny juice 
a orownisb-green; nitiio acid in the cold blue^ 


changing to red and becoming orange on boiling ; 
lead acetate gives a blue precipitate, copper 
sulphate a violet colour, sc^um carinate a 
blue-black, and borax an amaranth red 
(Griessmayer, Chem. Zentr. 8, 381). 

When chlorine is passed into the juice, a 
bright -grey amorphous precipitate is obtained 
(Nachen, U), 

(For quantitative analysis of the juice, com- 
pare Mathofl, Muller, and Ramstedt (Chem. 
Zentr. 1906, i. 407); Liihring, Bohrisch, and 
Hepner (i6id. 1907, ii. 1755) ; Shamm and 
Jogin {ibid. 1907, i. 083); Behre, Grosse, and 
Schmidt {ibid. 1909, i. 456).) 

When the juice is fermented, the products 
include aldehyde, and capric, propionic, valeric, 
and butyrio acids (Nachen, l.c.). 

Wine has been prepared from bilberry juice 
by allowing it to ^rment six>ntaneou8ly when 
mixed with a third its weight of honey. The 
wine tliiis prepared bears prolonged storage, is 
rich in alcohol and tannin, is of a rich clear 
colour, and has an agreeable flavour (Graftien, 
HI. Assoc. Beige dcs chim. 12, [3] 107 ; Otto, 
Bicd. Zentr. 1899, 28, 284). 

When bilberries are extracted with chloro- 
form, tho solution evaporated, and the residue 
extracted with light petroleum, the soluble portion 
3’ields a wax, m.i). 7 1®, andacrystallinecompound, 
probably viUn, ni.p. 255®-260® [aJjj-f60-72* 
(Seifert, Landw. V'ersuchs-Stat. 46, 29). 

BILE. Bile is the secretion of the liver which 
is poureil into the duodenum (tho first part of 
tho small intestine). It can be oollected in 
animals by means of a biliary fistula ; the same 
operation has occasionally been performed in 
human beings. After death, the gall bladder 
yields a good supply of bile, which is more 
concentrated than ^at obtained from a fistula. 
The amount of bile secreted is differently 
estimated by different observers ; in man it 
probably varies from 600 to 1000 o.o. per diem. 

Its constituents are the bile salts proper 
(sodium glycocholate and taurocholate), the bile 
pigments (bilirubin and biliverdin), a muoinoid 
•ubstance, small quantities of fats, soap, 
cholesterol, lecithin, urea, and mineral salts, of 
which sodium chloride and the phosphates of 
calcium and iron are the most important. 

Bile is a yellowish, roddish-brown, or green 
fluid, according to the relative preponderance 
of its two chief pigments. It has a musk-like 
odour, a bitter-sweet taste, and is alkaline to 
litmus. The specific gravity of human bile is 
1*026 to 1*032 frqm the gall bladder, and about 
1*011 when derived from a fistula. The greater 
concentration of gall-bladder bile is partly 
explained by tho addition to it from the wall of 
that cavity of the muoinoid material it secretes. 
The following table will, however, show that 
the low percentage of solids in fistula bile is due 
maioly to paucity of bile salts. This is accounted 
for in the way first suggested by Schiff — that 
there is normwy a bile circulation going on in 
the body, a large quantity of the bile saSa that 
pass into the intestine being first split up, then 
re-absorbed and again synthesised and secreted. 
This would obviously be imTOssible in oases 
where all the bile is aischargea to the exterior 
through a fistula. The followings iq the tai^ In 
quest^n, the results being the mean of several 
analyses of human bile : — 
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Fistula Oall-bUMider 
CoQstitaentB bile 

Bile Baits . . , 0-42 

Gholesterol» lecithin, fat . 0*07 
Muoinoid material . .0-17 

ent . . . • 0-07 

. . . 0 OG 

Total solids . . . 1 *30 

Water (by difference) . 98 01 

For methods of analysing human bile, v. 
Chsyhlarz, Fuchs and v. Furth, Biochem. Zeitach. 
1013, 49, 120; Analyst, 1913, 208. 

The Fel bovtnum purijUatum of the pharma- 
coposia is made by mixing ox bile with twice its 
volume of rectified spirit : this is sot aside for 
12 hours until the sediment subsides; the clear 
solution is decanted and evaporated on the 
water > bath until it acquires a consistence 
suitable for forming pills. The material so 
obtained consists mainly of bile salts, cholcston>l, 
fats, salts, and a certain amount of the mucinoid 
material. Its yellowish-green colour is due to 
bile pigment. It is given m doses of 5 to 10 
grains, usually as pills coated with keratin to 
obviate its deleterious action on gastric digestion. 
It is given mainly in oases w'here the natural 
secretion is absent or scanty, as in jaundice. 
But for a full description of its medicinal uses, 
and also for a description of the action of drugs 
(cholagogues) which stimulate the liver either 
to secrete more bile or to cause a discharge of 
bile already formed, the reader is referred to any 
standard text- book on Pharmacology. 

Platiner'a crysUillised bile. The bile salts 
are soluble in water and in alcohol, but not in 
ether. Their solution in alcohol is therefore 
precipitated by ether, and this precipitate gives, 
with proper precautions in technique, rosettes 
or balls of fine needles, or 4-6 sided prisms 
composed of the bile salts. This preparation is 
known as Plattner's crystalliseti bile ; it is 
usually made from ox bile, in which case the 
main constituent is sodium ^lycocholate. 

TAe bile salts. The sodium salts of glyco- 
cholio and taurocholio acids are those most fre- 
quently found. The former is more abundant in 
the bile of man and horbivora, the latter in car- 
uivora. Glycocholio acid is by the 

action of dilute alkalis and acids, and also in 
the intestine, hydrolysed and split into giycinc 
(amino-acetic acid), and cholaiic (cholic) acid 

Ca.H„NO.+H,0=CaHjNO,+C*4H4oO. 

Its sodium salt has the formula CasH42NaN04. 
Taurocholic acid (Ca4H45N07iS) similarly splits 
into taurine (amino-ethyl sulphonic acid) and 
cholaiic acid 

Oa4H«NO,8+HtO=CaH4 NHa HSO,-fCa4H4o04 

Its sodium salt has the formula CaaH44NaNO tS. 
These substances usually are detected by 
Pettenkofer’s reaction ; small quantities of 
cane sugar and sulphuric acid added to the bile 
produce a brilliant pufple colour. This is due 
to the interaction of f^uraldehyde (produced 
from the sugar and sulphuric acid) and cholaKo 
acid. • 

Through^ the animal kingdom considerable 
variations are^found in the bue salts. Thus in 
many fishes potassium instead of sodium salts 


are present. There are also variations in the 
bile acids themselves ; for instance, in the pig 
hvoglycooholio acid (C1TH41NO.) ts^ces the 
place of ordinary fflycoohol^ acid, and in the 
goose chcnotaurooholio acid (C|4H44NS04) of 
ordinary taurocholic acid. 

A good deal of work has been expended 
on the constitution of cholaiic acid, but much 
yet remains to bo done. Aeconling to Mylius, it 
18 a monobasic alcohol acid with a secondary 
and two primary alcohol groups. Its formula 
jOHOH 

may tlicreforo bo written CaoH,! (CH.OH).. On 
ICOOH 

oxidation it yields other acids, which diave 
boon named dchvdrocholalio acid (044113405), 
bilianio acid (Cj^lfaiO cilianic acid (Oao^finOa); 
on reduction ucso.\y cholaiic acid ((J34 H..OJ 
IS obtained. 

Choleic acid is another cholaiic acid, with the 
formula ('44H40O4, found in small auantitios in 
the bile of ox and man. It is probably identical 
with desoxycholalio acid. Fcllu* acid (03aH4oO^) 
is still another acid obtainable 71*001 human bile 
along with tho ordinary acid. The principal 
cholaiic ai id in bear's bi'lu is termed ursooholoio 
acid (C|«H3«04 or O14H30O4) by Hamraarsten. 
Tho same investigator tiiids in the walrus that 
tho principal bilo acids are a-phocietaurooholio 
acid, tho cholaiic acid from which has tho 
formula CJjallsoOj ; and )S-phooittaurooholic 
acid, tho cholaiic acid from which dilTors in 
certain particulars from ordinary cholalio acid, 
although it has* t)io same empirical formula ; 
he terms it isocliolalio acid. 

. Tbe btle ptyments. Bilirubin has tho formula 
^'3aH34N404, and bilivcrdin contains more 
oxygen ((lieHiaNjOilw ; in bilo exposed fo tho 
air, bilirubin is fairly rapidly oxidised to 
biliverdin. It has been proved by physiologioal 
experiment that tlie bile pigment is an iron-free 
derivative of the blood jiignicnt ; it is, in fact, 
identical witli the substance termed huunatoidin, 
which occurs usually in crysUllino form in 
extravasations of blood in the d^ody, as in a 
bruise. Tho bilo pigment shows no absorption 
bands with tho spoetroscopo, and is deteoted by 
various colour reactions, of which the most 
familiar is CJmcIin’s test ; this consists in the 
play of colours — green, blue, red, and finally 
yellow — produced by the oxidising action of 
fuming nitric acid. The end or yellow product 
18 called cholctolin (0g3fl34N40x3). By reduc- 
tion outside the body, a product called hydro- 
bilirubin (C8 sH 4(.N407) is obtained. A sipiilar 
but not identical reduction product containing 
less nitrogen than hydrobilirubin is formed in 
the intestine, and constitutes stcrcobilin, the 
pigment of the foices. Some of this is absorbed 
and ultimately leaves tho body in the urine, 
where it is termed urokilin. A small quantity 
of urobilin is sometimes found preformed in the 
bile. 

Bile mucin. The viscous material in the 
bile of some animals (e.gr. man) is true mucin ; 
in other (e.gf. the ox) it is a nucleonrotein. 

CAolesterol. Of the ^thcr coAtituents of 
the bile, cholesterol or cholesArin is the most 
interesting ; although normally present in traces 
only, it may occur in exUss and form con- 
cretions known aall stones, which are usually 
more or less tingea with bile pigment. It if a 
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moDatomio niMatarated alcohol, with the I aa a sabetitnte for 


aa a eabatitnte for p^r and for limna the rocfa 
of honaea (D^mook, Iliarm. J. [8] 10, 661). 

It containa good tanning materiab, vtddin^ 
bright- yeUow leather (Wagner's Jahr. 80, 1206 ; 
IVotman and Hackford, J. Soc. Chem. Ind 1005, 
1096 : Bogh, Chem. Zentr. 1606, i. 1916). 

llie distillation of birch bark yields a 
tar and an acid aqueous solution (Kuriloff, 
J. Rusa. Phys. Chem. Soo. 23, 98). ^e chief 
constituents of birohwood tar creosote are 
guaiacol and 1:3: 4-oreosol, together with traces 
of phenol, crosol, and 1:3: 4-zylonol (Pfreager, 
Arch. Pharin. 228, 7 13). According to Hiraohsohn 
(Pharm. Ccntr. H, 1903, 44, 846) birch tar is 
often adulterated with crude naphtha or 
naphtha residues, but the adulterate can be 
distinguished from the pure product by the 
fact that the former is omy partially soluble in 
acetone, whereas the latter is wholly soluble. 

When warm birch tar is treats with air, 
oxygon, or ozonised air, a pleasant-smelling solid 
product is obtained, soluble in alkalis, but almost 
insoluble in alcohol, benzene, and ether. It and 
its salts can be employed in medicine, pharmacy. 


empirical formnla Windaus and 

others have shown that it is a member of the 
terpene series, whifh had hitherto only been 
found aa excretory nnKlucts of plant life. 

The phyaioiogicat uaee of 5t7e.-^Bile is doubt- 
less to some extent an excretion. Some state 
that it has a slight lipolytic action; and in 
some animals it certainly has a feeble diastatic 
power. Its main action, however, is to assist 
pancreatic digestion; this it does not only 
oecauie its alkalinity is useful in helping to 
neutralise the acid mixture which leaves the 
stomach (chyme), but it also acts as a coadjutor 
to the enzymes of pancreatic juice. This is 
true for the proteolytic enzyme (trypsin), and 
the amylol 3 rtio enzyme (amylojisin), but is 
especially so in the case of pancreatic lipase; 
some go so far as to speak of the bile salts as the 
co-enzyme of this ferment. 

In virtue of the properties which the bile 
salts possess of lowering surface tension, the 
pfbducts of fat -cleavage pass more rapidly 
through membi^nos moistened with bile than 
through these which are not. There is a good 
deal of evidence that the same holds tnira vttam, 
and thus the presence of bile aids the absorption 
of fats by the mucous membrane which lines 
the intestinal wall. Bile also is a solvent of 
fatty acids. 

When the bile meets the chyme, the turbidity 
of the latter is increased owing to the precipita- 
tion of unpoptonisod protein. This action of the 
bile salts is probably useful, as it converts the 
chyme into a more viscid mass, and somewhat 
hinders its progress along the first part of the 
intestine, so allowing digestion and absorption 
to oc6ur there. 

Bile is said to be a natural antiseptic, but it 
is very doubtful if it is really efficient in reducing 
the putrefactive processes in the bowel. t6o 
bile salts are in vitro very feeble germicides, 
and the bile itself is readily putresoible ; any 
power it may have in lessening putrescence in 
the intestine is duo chiefly to the faot that by 
increasing absorption it lessens the amount of 
putrescible material in the intestinal tract. It 
IS stated also that bile increases the peristalUo 
action of the large intestine. 

Industrial and commercial uses of hile . — 
Apart from a somewhat limited use as a thera- 
peutic agent, to which allusion has already been 
made, bile has but little commeroial importance. 
It is, however, employed for cleansing woollen 
goods, and, as housekeepers know, is specially 
usefdit in cleaning carpets. This is probably 
connected with its power of lowering surface 
tension. Bile is also used by artists to ensure 
the uniform spreading of water colours on paper. 

No attempt has l^en made in the foregoing 
article to allude to the^ory extensive literature 
of bile. This relates almost exclusively to the 
physiology and pathology of bile, and the 
iinportant references can m best obtained from 
some standard work on Physiological Chemistiy. 

W. D. H. 

BIOGEiror MAGNESIUM PERHYDROL. 
Trade name IcC* a mixture of magnesia and 
magnesium peroxide. 

BKglTEv. Mioa<> • 

BIRBH BARK. Betula, (Birke, Q«r.; 
BesOeaut The inner barris used in India 


and technically. At the same time, readily 
condensible liquid products distil over, whicn 
can also bo used medicinally and technically, 
as antiseptics and in perfumery (Friedlftnder’s 
Fortschr. der Toerfabr. 1905-7, 930). 

A colouring substance employed in pharma- 
ceutical and cosmetic preparations is obtained 
when the bark of young birch trees is soaked in 
water containing about A of its weight of 
bicarbonate of soda or other carbonate. It is 
then boiled and filtered. Hydrochlorio acid is 
added to the red- brown filtrate until a pre- 
cipitate is formed which is filtered, washed, and 
dried at a gonilo heat. It should be kept in weU- 
stoppered vessels (Friodlander's Fortschr. der 
Teerfabr. 1897-00, 661). 

The bark contains a crystalline substance 
termed betulin C„H cqO,, m.p. 267*8^ sublimes 
in a current of air, readily yields an anhydride at 
130°, and is tasteless and odourless. It does not 
combine with acids or alkalis, is insoluble in 
water, sparingly soluble in alcohol, readily in 
ether and turpentine. 

It is premred by mixing the powdered 
epidermis of Betula alba with 1-8 p.c. of potas- 
sium nitrate, pressing the mixture into small 
tablets, and burning them in closed chambers 
without flame, and with the introduction of a 
regulate<l supply of air. The betulin so formed 
is used as films for certain substances in which 
it acts as an antiseptic, os a protection against 
damp or agamst corrosive acids (Wheeler, 
Pharm. J. 1899, 494). 

The films can be deposited direct on various 
substances by allowing the vajwuis to play upon 
them. By a slight modification the films can 
be made to have a greater or less degree of 
transparency and porosity (Wheeler, Chem. 
Zentr. 1000, ii. 798). 

According to Wheeler f J. Soa Chem. Ind. 
1899, 606), when birch bark or materials made 
from the latter, containing betulin are heated 
in a dosed chamber and in a current of air, 
substances termed pyrobeiulin and pyrobeiulin 


with tdoohoUo lead acetate^ precipitating by 
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ether, and recEystallisiog from alcohol. The 
aqueous solution has a bitter flayour, is Isyo* 
rotatory, and reduces Fehling’s solution when 
boiled. It is hydrolysed by mineral acids, 
bai^dA, and by water when heated to 130®-140*, 
giving a sugar and methyl salicylate (Schaugans 
and Geroch, Arch. Pharm. 232, 437). 

A gum of probable formula C4H4O3 has been 
isolaM from American birch wood {Beiula 
aXba) (Johnson, Amer. Chem. J. 1896. 214). 

Birchbarh oil is obtained by distilling birch 
bark {Bdula alba) in steam. It is brown, and 
has a similar odour to birch >md oil. On cooling, 
crystals separate. It con1*iins palmitic acid 
(Haensel, Cnem. Zentr. 1907, ii. 1620 ; Ziegol- 
mann, Pharm. Review, 1905, 23, 83). 

The birch bark oil prepared from the bark of 
BettUa alba by Haensel (Chem. Zentr. 1908, ii. 
1436), had 8p.gr. 0*9003 at 20* and [a]j,--12 08*; 
a colourless monocyclic sesquiterpene was 
isolated from it, having b.p. 255^-256^744 mm., 
8p.gr. 0*8844 at 20*, and [aj^—OO*. The 
terpene yields a hydrochloride, sp.gr. 0*9753 at 
20®, and a hydrocarbon, b.p. 258®-260®/747 mm., 
and 0 8898 at 20®. 

Birch oil, or the wintergreen oil of commerce, 
is obtained from the twigs of North American 
birches, esmcially the Betula lenta, but the pure 
genuine oil is prepared from Oaultheria pro- 
cumbena (J. Soc. Chem. Ind. Abstr. 1803, 174). 
It consists of methylsalicylate, a h^'drocarbon 
small quantities of benzoic acid and 
ethyl alcohol (Schrocter, Amor. J. Pharm. 
Aug. 1889 ; Trimble and Schroetor, Pharm. J. 
20, 166; Ziegolmann, f.c.). 

Oil of Qawiheria procumbena contains 09 p.o. 
methylsalicylate, together with some paraffin 
—CsoHf I —probably triacontane ; an aldehyde 
or ketone ; a secondary alcohol CiHuO, and 
an ester C]4H2402, and is laevo-rotatory, ep.gr. 
1*180; that obtained from the birch contains 
99*8 p.c. methylsalicylate, together with the 
above constituents except the alcohol C4HJ4O, 
which is absent. It is ojitically inactive ; sii.gr. 
1*187 (Pharm. J. 1896, 307, 328). 

Birch bud oil is obtained by the distillation 
of birch buds with steam. It is yellow, and has 
a pleasant aromatic odour. Crystals separate 
out at ordinary temperatures, and it becomes 
whoUy crystalline at —45® (J. Soc. Chem. Ind. 
1903, 228). It is soluble in alcohol and in ether, 
but not in alkalis, carbon disulphide, or glacial 
acetic acid. It is Isevo-rotatory, its rotation 
and specific gravity varying with different 
preparatioDS. That obtained by Schimmel 
(Chem. Zentr. 1909, if. 2156) had sp.gr. 0*9730 
at 15® and 34'. 

It contains a paraffin, m.p. 60®, an ester, 
and a sesquiterpene alcohol, heiuhl, probably 
CifHpOH, which is very much like amyrol 
(obtained from sandalwood oil), has a bitter 
taste, an odour like incense, b.p. 284®-288®/743 
mm., 138®-140®/4 mm. ; sp.gr. 0*975; [a]p— 36® 
(von Soden and Elzo, Ber. 38. 1636 ; Haensel, 
Chem. Zentr. 1909, ii. 1166. Compare also 
Phjurm. Zeit. 47, 818 ; Schimmel, Chem. Zentr. 
1905, i. 1340). 

Tlie leaves of Bdula alba yield an olive-green 
oil, which is^id at ordinary temperature, but fluid 
at 35®, has sp.gr. 0*9074 at 35 , and is (uptically 
inactive (Haensel, Chem. Zentr. 1904, ii. 1737). 

VoL. I.— T. 


Haensal (Chem. Zentr. 1908, i. 1837) has 
isolated a crystalline paraffin, m.p, 40’6®-50®, 
from the oil of birch leaves. 

According to Grasser #nd Purkort (Chem. 
Zentr. 1910,1. 489), products C4|^H2 q 02,C3|H440 j, 
readily soluble in water, and of which the 
potassium salt can bo used thera- 

peutically as a diuretic, can be obtained by 
extracting birch loaves with alcohol, treating 
the warm extract with potassium hydroxide, 
and then saturating the solution with dry 
carbon dioxide. Water is now added and the 
insoluble products iiltered off. The filtrate is 
concentrated, the soluble products precipitated 
w*ith a mineral aoid, and separateci from one 
another by conversion into their di- and tri- 
alkali derivatives. 

Birch juice obtained from biroh trees contains 
leevulose, ^ largo quantity of malates, and 
basic oonsiituonts. When fermented with 
dextrose and milk of almonds, it forms ' biroh 
wine* (Tjenz, !^r. Dcut. Pharm. (los. 19, 332). 

BIRD-LIME. (Giu, Fr. ; Vogrllcim, Gbr.) 
Bird-limo, from Ilex aquifoBum (Linn.), was 
found by Personne to consist, in addition to 
vegetable (Ubria and water, of calcium oxalate, 
caoutchouc, and ethereal salts of a solid crystal- 
line substance, tZtcic alcohol m.p. 175®, 

with undetermined fatty acids. 

According to Divers and Kawakita, Japanese 
bird-lime, made from /. integra, contains ethereal 
suits of palmitic acid, and in very small quantity 
a semi-solid acid, the calcium salt of which is 
soluble in ethof and in alcohol. Japanbse bird- 
lime also yields two very similar alcohols by 
hytlrolysifl, one differing only slightly from ilicio 
alcohol, and ienned ilxcylic alcohol O.iHi.O, 
m.p. 172®, and another named mochylitralci^l 
C24H4JO, m.p. 231®, from mochi, the Japanese 
word tor bird-limo. 

Caoutchouc is also present in Japanese bird- 
limo to the extent of about 0 p.o., but only 
minute quantities of oxalates. By distillation, 
bird-limo yields much palmitic^oid and a thick 
oily hydrocarbon 0341144 (Divers and Kawakita, 
Chem. Soc. Trans. 1888, 268). 

BIREEZ. Persian name for gum galbanum 
(Dymock. Pharm. J. 13] 9, 1016). 

BISABOL V. Myrrh, art Ot^m Rrsins. 

BISCINIOD. Trade name for a combination 
of cinchonidino hydriodido and bismuth iodide. 

BISDIAZONIUM SALTS t;. Djazo coh- 

POTTNDS. 

BISMAL. Bismuth methylene digallato (v. 
Bismuth, Organic oonipouiids of ; als^ Syn- 

THKTIC DRUGS). 

BISMARCK BROWN v. Azo- coloubtno 

MATTERS. 

. BISMITE or BISMUTH-OCHRE. Native 
bismuth oxide. BigO^ occurring as a yellow 
earthy powder, or Jn minute rhombohodral 
scales. Analysis of various bismuth-ochres from 
the tourmaline mines of San Diego Co., Cali- 
fornia, show these to be either bismuth hydroxide, 
Bi(OH),, or puchonto, BiV04, or mixtures of 
these ; and doubt has been exprased os to the 
occurrence of the pur^ oxid# Bi.Oa in nature 
(W. T. Schaller, 1911). L. J. S. 

* BISMON V. Synth B'up Drugs. 

BISMUTH. Biamtali. {Etain de rfhee, Fr. ; 
WiamuiK Gei*) Symbol Bi. At. wt. 24)8*5 
(De Oomnok and Gerard), 

2 Q 



594 


BTSMUTH. 


Oecurrenee. — ^Metollio bUnnuth occurs in 
mall qaantitiM in widely distributed localities, 
usually with other ores, such as those of cobalt, 
nickel, copper, silver lead, and tin. It is found 
massive, granulated, reticulated or arborescent, 
associated with arsenic and silver, and occasion- 
ally iron. 

The principal sources are Bolivia, South 
Australia, Altenberg, Sclmccberg, Annabcrg, 
Marienberg, Joachimsthal, Johanngeorgenstadt, 
liblling in (!)arinthia, Falilun, Sweden, and New 
South Wales. In small quantities it occurs at 
Huol Spamon, Cornwall, (Jarrick Fells, Alva, 
Stirlingshire. Alloyed with 64 p.c. gold »t 
occurii at Maldon, Victoria. Ailoyea with 
tellurium it occurs as Mroflymite in Cumberland. 
An alloy of bismuth with 3 p.c. arsenic occurs at 
Palmbaiim near Marienberg. 

Bismuth sulphide is widely distributed in 
small quantities, being found in Saxony, Sweden, 
South Australia, America, and Cumberland. A 
sulphide of bismuth, copper, and lead occurs os 
nemle orf, nciculitc or jMitrtntie. 

As oxide, or fHsmuth orhre, it is found as a 
yellow substance, fre(]uently as a coating on 
other minerals, associated with iron and other 
impurities, at Schneoherg, Joachimsthal, Beresof 
in Siberia, and in New South Wales. The prin- 
cipal ore in Bolivia, which is stated by Domeyko 
to lie the ricliosi country in bismuth, is a compact 
earthy hydrated oxide. 

Bismuth occurs as carbonate or hinmulhxte, 
usually containing carbonates of iron and copper, 
at Me'ymac, with antimony, arsbnic, lead, iron, 
and lime ; in Mexico, whence it is imported to 
this country; in North (^arolina, and other 
localities. Of late years considerable deposits 
of bisifllith ores have boon found in many places 
in America, but they have been very little 
worked. 

Kxtrarlion. — At Schnoeberg in Saxony the 
ore worked is principally metallic bismuth occur- 
ring in ores which contain silver, lead, tin, and 
arsenic in gneiss* and olay-slato. 

The ore, which contains from 7 to 12 p.c. 
bismuth, is sorted by hand as far as possible from 
the gangno before treatment. The old method 
of Itquatinn or * sweating ’ is still used, but has 
now been largely superseded by smelting pro- 
cesses, in whicn the metal is much more penectly 
extracted. 

Liquation.- In this process the metal is 
separated ns far ns possible from the gangue by 
mcltiiig at a low tcin))cratiire. The picked ore 
is brolron into piooes awlarge as a hazel nut, and 

? laced in inclined iron tubes in charges of about 
2 owts., sufficient space being left in the tube for 
stirring the ore from the upper end (Figs. 1, 2, 3). 
The tiuies are closed at the Upper ends by platen 
of iron, and at the lowe^enos by similar plates 
containing circular apertures through whion the 
molten metal may run. The ends of the tubes 
project slightly beyond the walls of the furnace, 
the upper over a tank and the lower ends over 
iron eruoibles which contain powdered charcoal, 
and which aA> Mntly Ideated from below by a 
small oharooal nik-naoe. The tubes are heated 
so as to cause the metal to flow easily, and in 
about 10 minuteB thee bismuth commenoes to 
pMS out mto the oruoibles, beiim there covered 
oy 4he oharooal and thus proteolod from o^da- 
tion. The ore is oocadonalty stirred with an 


iron rod from the upper eiid» and in fma 30 
to 60 minutes the operation m completed. 
The residues, graupen or butmvih harUy, are ' 
raked from the upper end into the tank, and at 
once replaced by fresh ore. In this manner only 
aiiout two-third.s of the bismuth is eztraoted. 
20 cw-ts. of ore require 63 cubic feet of wood. 
The contents of the pots are removed by ladles 
to moulds and cast into ingots of 25 to 60 lbs. 
weight. 

Sulphurous ores are usually roasted to re 
move sulphur, and then smelted with iron 
(to remove the last traces of sulphur), carbon, 
slag, podium carbo’rtie, limestone, and some- 
times fluor-spar. I'hc regiilus of bismuth thus 
obtained is fused 
on an inclined iron 
plate and run down, 
leaving a dross con- 
taining much of the 
impurity. Bismuth 
ores are sent from 
Joachimsthal, and 
worked by this pro- 
cess at Sch nee berg. 

The following 
analyses of tw o 
typical samiilcs 
show' the composi- 
tion of commercial 
bismuth : From 

Saxony — Bismuth, 

00*77 p.c. ; copper, 0 08 ; silver, 0*05 ; sulphur, 
0*10; iron, trace From Joachimsthal — Bismuth, 
00*32 p.c. ; lead, 0*30; silver, 0*38; iron and 
I copper, tiaccB; sulpliur, nom* 

' At Joachimsthal a mefiod devised by R 



Fio. 1. 



' Fw. 2. 

Vogel is used (Dingl. poly. J. 167, 187) for extract- 
I ing bismuth from ores free from lead. The 
{ ores, which usually contain from 10 to 30 p.c. 
bismuth, are mixed, according to their richness, 
with 23 to 30 p.c. iron turnings, 16 to 50 p.c, 
sodium carbonate (aooording U the amount of 
gangue present), 5 p.c. lime, aad 5 p.o. fluor- 
spar. The mixture is introduced in chaiges of 
about 1 cwt. into clay crucibles, 23 inches high 
, and 16 inches wide at the mouth, covered and 
j heated in a wind furnace to tranquil fusion, and 
I poured into conical moulds. The liquid sepa- 
' rates into three 
la^’ers, the upper 
I consisting of slag, the 
, second of a speiss 
containing the arse- 
nic, sulphur, nickel, 
cobalt, and iron, and 
most of the other 
impurities, with 
j about 2 p.o. of bis- 
' muth, and the lower 
TOXiaisiiqg of a r^us of nearly pute bismuth, 
^e IS ag^ fused and remoulded (ses 

Kerl, Handh. der Met. Hflttenkunde). 
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A rimilar proeeM ha* been adopted by Patera 
(J. 1862, 646) for the extraction of biamiith from 
refinery reetdnea. 

In fHnoe the oarbonato of bismuth implied 
from Mejmao ie dissolyed in the minimum 
quantity of hydrochlorio acid and pieces of iron 
inserted in the slightly acid liouid. The bismuth 
is thus precipitaM as a black powder, which is ! 
well wawed and fused in a plumbago crucible 
under a layer of charcoal at as low a tenutora- 
turc as possible (Ad. Carnot, Ann. Chem. Phys. 
[6] 1, 405 ; and Hull. Hoc. chiin. 21, 114). 

Ores of bismuth averaging 50 ji.c. bismuth are 
imported into England, principally from Ade- 
laide, South Australia, and from Mexico. They 
are usually fused in plumbago pots with borax, 
sodium carbonate, and a little crude tartar. 

For the extraction of bismuth for pharma- 
ceutical purposes from sulphurous ores, Valen- 
ciennes roasts the ore on the level bed of a 
reverberatory furnace for 24 hours with the 
occasional addition of charcoal and frequent 
stirring vrith an iron rabble. When the sulphur 
has thus been evolved, the ore is mixed with 
about 30 p.c. charcoal, and a mixture of chalk, 
salt, and liuor-spar, and again fused in a rever- 
beratory furnace. From 6 to 8 p.c. of the bis- 
muth is lost by this process, but this is compen- 
sated by the extra purity of the product. By 
subsequent fusion with nitre, the antimony, 
arsenic, and sulphur arc removed, and by the 
ordinary wet methods the lead, copper, and 
Sliver are eliminated (M. A. Valenciennes, Ann. 
Chim. Phys. [6] 1, 397). 

H. Tamm (Chem. News, 25, 85) states that 
bismuth can bo separated from ores containing 
much copper by fusion with an alkalmo flux 
containing free sulphur, in which case the copper 
remains unreduced. He recommends a mixture 
of 5 parts sodium carbonate, 2 salt, 1 sulphur, 1 
carbon, to be mixed in about equal proportions 
with the ore. The bismuth produced is stated 
to be much more free than usual from arsenic, 
antimony, and lead, but about 8 p.c. of tho total 
bismuth is lost. 

The bismuth present in small quantities in 
lead, copper, and silver ores frequently becomes 
concentrated in tho secondary products of tho 
metallurgical processes and may then bo profit- 
ably extracted^. In the oxidation of silver-lead 
containing bismuth, the lead oxidises much more 


of sulphide ores with » solution of an alkali or 
alkaline earth hyposulphite. The solution thus 
obtained is treats with alkali sulphides, and 
the resulting precipitate of bismuth sulphide is 
dried and smelted as deserroed above. 

Both Becker {thtd,) and Ranald (Eng. Pat. 
16022, 1898) have patented the use of a solution 
of ferric chloride as a solvent for bismuth 
sulphido and the subsequent precipitation of 
metallic bi^^miith from the solution by means 
of iron or zinc, or by electrolysis. 

Eiilert (Rev. Prod, Clum. 4, 164) employs a 
mixture of sulphuric acid, water, common salt, 
and potAs.<«iuni nitrate as tho extracting liquor, 
and the proco.sa can lie made continuous The 
hismuth 18 finally obtained as the oxychloride, 
which can be sold or smelted for tho inotal. 

On the extraction of bismuth from its ores, v, 
also Winoklor (Bor. Kntwick. Chem. Ind. 1,953). 

Puujicniion. — 7'ho crude biHiiiuth produced 
by the above methods contains a variety of 
impurities, from which it is important in many 
cases to separate it. These im purif ies are aul- 
phur, arsenic, antimony, eoji^er, nickel, cobalt, 
silver, gold, lead, and iron. 

Sulphur and areonic may be removed by 
fusion with of its weight of potassium nitrate, 
with constant stirring at a temperature slightly 
above the temperaturo of fusion ; tho nitre 
soon oxidises the impurities and n little of the 
bismuth, forming with them a slag which rises 
and solidifies at the surface. For the complete 
removal of these impurities a second fusion is 
frequently nc<sp8sary. 

0. M(*hu (Bharm. .T. (3)4, 341) recommends 
the following process for the removal of sulphur 
and arsenic. The metal is liented considerably 
above the melting-point in r vessel m as to 
expose a largo surface, and tho oxide is removed 
i to the sides as fast as it forms until about one- 
; fourth of the metal has become oxidised ; tho 
reater part of the sulphur and arsenic will then 
avo passed of? as oxides. Tho mass is cooled, 
pulverised, and mixed with charcoal, dried soap, 
and potassium carbonate (fre# from sulphate), 
about one-fourth of the original weight of tho 
metal, in a crucible, covered with charcoal, and 
heated to redness for one hour. Arsenic may 
also bo mostly removed b\ fusion for a consider- 
able time under a layer of charcoal. Arsenic, 
sulphur, and most of the antimony may be 


the cupellation a blackish litharge rich in bis- 
muth M obtained, from which that metal may 
be extracted by further concentration and acid 
treatment (J. 12, 711). In this manner bismuth 
becomes concentrated in the hlirkstlber in tho 
treatment of silver ores at Freiberg, and passes 
into the hearth bottoms, as much as 26 p.c. 
being sometimes so absorbed. When tho hearths 
contain sufficient bismuth to bo profitably 
extracted, they are finely ground and treated 
with hydrochloric acid, with the formation of 
bismuth chloride. Water is added to the 
solution to precipitate the metal as oxychloride, 
and the precipitate is collected, w^ed, dried, 
and reduced to metal by fusion with charcoal, 
sodium carbonate, and powdered glass (t^. 
Phillips’s Metalluigy). ^ 

S^eoral^^posals have been made for the 
extractioif M bumuth by wet methods. Beoker 
(Fr. Pftt. 366439, 1906) suggests the ifeatment 


, borax, stirring with a rod of iron until the action 
j ceases. Tho iron combines with the impurities 
I and rises as a difficultly fusible slag to the surface 
i from beneath which the still liquid metal may 
be TOured after partial cooling. 

I For the compl»*te removal of antimony, 2 or 
3 parts of bisniufli oxide for each part of anti- 
I mony supposed present are fused with tho 
I metal. The oxide of^ismuth then gives up its 
oxygon to tho antimony, becoming itself reduced 
and tho antimonious oxide floats on the surface. 

Hugo Tamm (Chem. News, 25, 86) recom- 
, mends for tho removal of copper the fusion of 
the metal at a low temperature under 1 part of s 
I mixture of 8 potassiuqi cyamdo and 3 sulphur. 

' When the action has coam^he mass is stirred 
with a clay (not iron) rod, cooled until the flux 
has set, and the metal ^ured out froin beneath. 
If impure cyanide is used, a relatively larger 
quantity is required. • 
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Iron mnj be completely removed, according 
to H. Tftraoh (J. pr Uhero. [2] 14, 300), by ftudon 
under a layer of potassium chlorate containing 
from 2 to 5 p.o. e^ium carbonate. 

From iilver bismuth may be separated by 
cupellation and subsequent reduction of the 
bismuth oxide so produced, or the metal may be 
dissolved in nitric acid, the silver precipitated 
^vith hydrochloric acid, the solution filtered, and 
the basic salt of bismuth precipitated by excess 
of water, and reduced to metal. 

Silver can be partially removed from bismuth 
by a process resembling Patti nson's process for 
load fSchneidor, J. pr. Clicm. (2] 23, 75). 

Lei^d may bo precipitated from a nitric acid 
solution of the mental by the addition of sulphuric 
acid, and the bismuth recovered as already 
described. A method commonly used is to 
fuse the impure metal with bismuth oxychloride, 
from which the lead liberates bismuth, itself 
becoming combined with oxygon and chlorine. 

A number of investigations on the refining 
of bismuth have been conducted by K. Matthev, 
and the methods lA> proposes are given separately 
bolow, inasmuch as they possess the merit of 
simplioity and have been thoroughly tested on a 
large scale. 

Arsenic is removed completely by maintain* 
ing molten bismuth at a tompornture of 510®- 
620® for some time. There is only a very 
slight loss duo to oxidation (K. Matthey, Chem. 
News, 67. 63). 

Antimony is separated by molting the metal 
and maintaining the temperature at 360®, 
An alloy of bismuth and antimony, containing 
over 30 p.o. of the latter, rises to the surface of 
the metal, giving it an * oily * appearance, and 
can be^akimraed off. A complete removal of 
the antimony is thus effected (E. Matthey, Lc,), 

Copper, For the separation of copper from 
bismuth which has been previously freed fromj 
arsenic, antimony, load, &c., E. Matthey 
(Roy. Soo, Proo. 43, 172) recommends its fusion 
with bismuth sulphide. 'I’ho pure metal ob- 
tained amounts f6 00 p.o. of the crude material, 
while the remaining bismuth sulphide, oontaining 
copper sulphide, may bo resrneJtod. 

Alkali sulphides mav be substituted for the 
bismuth siilpnido in the above operation (E. 
Matthey, Proo. Roy. Soo. 40, 78). 

Lead may be separated from the fused metal 
by repeated crystallisations, the alloy of bismuth 
and lead melting at lower temperatures than the 
purer bismuth. £. Matthey has thus by four 
crystallisations reduced the percentage of lead 
from 12-^ 0*4 p.c. (Proo. Roy. Soo. 42, 93). 

For the separation of gold and silver, E. 
Matthey (Proo. Roy. Soc. 42, 80, 04) recommends 
the addition of 2 p.o. zino to the molten metal. 
The mass is gradually oooled and the surface crust 
removed. This oporatioi^ is repeated, whereby 
the whole of the precious metals are concen- 
trated in the skimmings. On fusing these in a 
crucible with borax, the gold and silver are freed 
from impurities by the action of the oxide of 
bismuth, and sink to the bottom. To separate 
the last traoest>f these m(^tals from the slag, it is 
again fused with hlbmuth. 

A. Mohr states (Elektroohem. u. Met. Ind. 
1907, 6, jll4) that an iQeotrolytio method has 
been usm with suooess for the purification of a 
Mexican lead-bismuth alloy containing 81*1 p.o. 


I lead and 14*6 ]>.o. bismuth, together with small 
amounts of antimony, iron, zinc, arsenic, silver, 
and gold. First the metal is made the anode 
in an electrolyte containiim 6 p.c. lead fluo- 
silicate and 14 p.o. hydronuosilicic acid. The 
lead 18 dcpositod on a cathode of pure lead, 
and contains only 0*01 p.o. bismuth. The anode 
slimes are fused with sodium hydroxide and 
carbonate, and the metal, contaming 94 p.o. 
j bismuth, cast into anodes, which are then used 
> in a second electrolysis, using a solution of bis- 
I muth chloride (about 10 p.c.) and free hydro- 
' chloric acid (about 10 p.c.). The cathodes are of 
I Acheson graphite, and are placed on the floor of 
I the cell. The current used is 20 amp. per sq. ft. 

I at the cathode, and 60 amp. per sq. ft. at the 
anode, with a P. D. at the terminals of 1*2 volts. 
The resulting bismuth is 90*8 p.c. pure, the 
remaining 0*2 p.c. consisting chiefly of silver. 
(See also Zahorski, Hurter and Brook, Eng. 
Pat. 22251, 1895.) 

Chemically pure bismuth is best prepared by 
dissolving the commercial metal in nitrio acid, 
decanting from any residue, and adding excess 
of water, whereby the bismuth is precipitated as 
basic nitrate, leaving the impurities in solution. 
The precipitate is well washed by decantation, 
dried, mixed with black flux or other reducing 
agent which produces a readily fusible flux, and 
r^uced at a gentle heat in a crucible. 

Properties . — Bismuth is a greyish - white 
crystalline metal of distinctly red tinge when 
compared with whiter metals such as zino or 
antimony. It is very brittle and easily pow- 
dered, and a bad conductor of heat and elec- 
tricity. Its tenacity is \ cry small, a rod 2 mm. 
in diameter will just support a weight of 14*19 
kilos. (Musohenbroeck). It forms fine obtuse 
rhombobedral crystals, which approach very 
closely to the form of cubes. It nas also been 
obtained in the form of acicular needles, which 
arc really rlonpted hexajgonal prisms (Heberdey, 
Bcr. Akad. Wien. 104, i. 264). Bismuth melts 
at 271® (Mylius and Gro.«ichiifT), and boils at a 
temperature between the melting-point of 
copper and nickel, i.e. between 1084° and 1460° 
(Uarnelloy and Carlton Williams), condensing 
in laminae. The vapour density at temperatures 
between 1600° ana 1700° is 11, which corre- 
sponds to that calculated for a mixture of mon- 
atomic and diatomic molecules (Moyer, Ber. 
1889, 22, 726). Its sp.gr. at 12° is 9*823. 
W. Spring has shown tiiat by the exposure of 
bismuth of density 9 804 to a pressure of 20,000 
atmospheres, the density was raised to 9*856 : 
a second eomprossion still further increased the 
density to 9*863 (Ber. 16, 2724). It is stated 
that by careful hammering its density may bo 
raised to 9*88. 

Bismuth expands in cooling. Tribe (Chem. 
Soo. Trans.) has shown that this expansion does 
not take place until after solidification. 

According to Cohen and Moesveld, bismuth 
exists in two enantiotropio modifications, the 
transition temperature being 75°/760 mm. The 
transformation of the form stable below this 
temperature (a) into the other modification (0) 
is accompanied by considerable increase in 
volume. The i9- variety can Qxist in the meta- 
‘stable condition below the transition point. 

Exposed to ^ air, bismuth rShwains un- 
altered at the ordinary temperature, but in moist 
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»ir or io oontaot with WAter it becomes coated 
with oxide. When heated in air it bums with a 
bluish flame, evolving yellowish fumes of oxide. 
At hish temperatures it decomposes water. 

Cold sulphurio acid has no action, but the 
hot concentrated acid dissolves bismuth. Ilydro- 
chlorio acid acts but slowly, and Ditto and 
Metzner have shown (Compt. rend. 115, 1303) 
that this action can only take place in presence of 
oxygen. Nitric acid, dilute or strong, dissolves 
it readily, with the formation of nitrate. Pow- 
dered bismuth thrown into chlorine gas ignites 
with the formation of trichloride. It also unites 
directly with bromine, iodine, and sulphur. 

When comparatively pure, bismuth crystal- 
lises readily. To obtain it in the form of fine 
crystals it is melted and allowed to cool until a 
crust has formed ; the crust is pierced on 
opposite sides with a hot iron, and the still liquid 

S :>rtion poured through one of the openings. 

n careful removal of the crust the sides of the 
vessel are found covered with crystals, frequently 
resembling hoUow pyramidal cubes like those of 
salt, but which are in reality obtuse rhombohedra. 
'J'heir iridescent lustre is duo to a very thin 
film of oxide which shows the colour character- 
istic of thin plates. 

Bismuth can be obtained in the colloidal 
state by reducing a solution of the nkrate with 
stannous chloride, or by the action of hypo- 
phosphorus acid on bismuth oxycliloride(Gutbier 
and Hofmeyer, Zoitsch. anorg. Chom. 44, 225). 

Bismuth is the most dianiagiictio substance 
known, a bar of the metal placing itself equa- 
torially between the poles of a magnet, t.e, at 
right angles to the position taken up by a bar of 
iron. Bismuth also occupies an extreme place 
in the thormo-elcctrio senes, being used with 
antimony in the preparation of the most delioaie 
thermopiles. 

An^ysis , — All compounds of bismuth, when 
mixed with carbon or other reducing agent and 
fused before the blowpipe, pive a brittle white 
bead of metal and a yellow incrustation on the 
charcoal, darker than that of oxide of lead. 

A very good dry test for bismuth is that due 
to von Kobell. The substance is heated on 
charcoal with a mixture of potassium iodide and 
sulphur, when, if bismuth is present, a brilliant 
scarlet incrustation is obtained. 

Salts of bismuth in solution give, on addition 
of excess of water, a white precipitate of basic 
saltf which is insoluble in tartaric acid, and 
blackens with sulphuretted hydrogen (distinction 
from antimony). 

Metallic iron, copper, lead, and tin precipitate 
metallio bismuth from solutions. 

A qualitative test for bismuth proposed by 
Reiohard (Chem. Zeit. 28, 1024) is the addition 
of a brucine salt, or, better, brucine itself to the 
solution. In presence of bismuth a deep-red 
colour is produced which is distinguished from 
that given by nitric acid by the fact that it 
becomes deeper on heating, whereas the colour 
given by nitrio acid turns to yellow. 

EHinuUum . — Bismuth may be separated from 
copper, cadmium, mercury, and silver, lead 
having been removed previously by precipita- 
tion as sulphate, bv the following method, due 
to St&hler and Scharfenbeig (Ber. 38, 3862). 

The which may contain hydrochloric 

acid, and should oontain about 0*l-0i2 gram 


of bismuth, is diluted to 300-400 o.o., and any 
precipitate redissolved by the cautious addition 
of nitrio acid. This solution is heated to boiling, 
and treated with a boiling 10 p.o. solution of 
trisodium phosphate Ni^^^s (obtained by 
mixing equivalent amounts of sodium hydrogen 
phosphate and caustic soda). In presence of 
much hydroohlorio acid, a considerable excess of 
the phosphate must be used, but, should the 
solution become alkaline, nitrio acid must bo 
added. After boiling the whole for some time, 
the precipitate is allowed to settle, and the 
supernatant liquid is tested with sodium phos- 
phate. If precipitation is complete, the pre- 
cipitate is oolleoted hot on a Gooch oruoiule, 
washed with 1 p.c. nitrio acid, oonfaining 
ammonium nitrate, dried at 120% and finally 
heated over a bunson burner, and weighed as 
bismuth phosphate The precipitate 

is very hygroscopic : suitable precautions must 
therefore m taken in weighing it. 

A modification of this method, which renders 
it suitable for the separation of bismuth fv>m 
considerable amounts of n^roury, has been 
described by Stabler (Chom. Zoit. 31, 016). 

A volumetrio method for the estimation of 
bismuth, for which considerable accuracy is 
claimed, is the ohromato method of Ldwe as 
modificMl by Rupp and Schaumann (J. Soo. Chem* 
Ind. 1902, 1568). 

H. W. Rowell has published a method (J. Soe. 
Chem. Ind. 1008, 102) fur the estimation of 
small quantities of bismuth in ores, Ac. The 
method is o^lorimotric, dopendinj^ on tho 
yellow colour produced when potassium iodide 
18 added to a solution of tho bismuth compound 
in sulphurio acid (see also Bug. and Mining 
Jour. 1901, 469). ^ 

An account of other methods used for the 
estimation of bismuth will bo found in the 
article on Analysis. 

For tho dry assay of bismuth ores the fluxes 
used must depend on tho composition of the 
ore. Thus with ores containing metallio bismuth 
or that metal as oxide, Bulphi(!w, carbonate, Ac., 
a flux consisting of a mixture of 2 [>arts potassium 
or sodium carbonate, 1 part sodium chloride, and 
a proper quantity of argol or potassium cyanide 
or charcoal powder, ^ill be useful (Tamm) ; with 
the addition, whore much earthy matter is 
present, of borax. Where much copper is 
present, Tamm advises tho use of one part of the 
ore mixed with one part or less of a mixture of 
sodium carbonate 1, salt 2, sulphur 2, charcoal 
powder 1 pait. Tho exact proportions in which 
these fluxes arc most useful must be learned by 
experience. 

Alloys of Bismuth. 

Bismuth unites readily with most metals, 
forming alloys which, i^ith few exceptions, are 
not of commercial imnortanco. 

Tin and Lead. lUe alloys of bismuth with 
these two metals are of special interest. They are 
extremely fusible, and on account of their exi>an- 
sion on cooling they take a very fine imnression, 
being largely used for electrotype moulds, Ac. 

An alloy of 1 bismuth, 2 tin, Idead is used as 
a soft sol&r by pewlfrers, guid for the cake 
moulds for toilet soap. An expensive but effeo 
^tive alloy for stereotyj|e cliches and metallio 
writing pencils contains o bismuth. 2 tit, 3 lead ; 
it melts at 91 * 06 % 
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A thorough physico>chemical investigation 
ol these ternary alloys has been made by 
Chaipy (Compt. rend. 126, 1569), whose memoir 
shouQ. 1^ consulted for details. He finds that 
the eutectic mixture djn tains 32 p.c. lead, 16 p.c. 
tin, and 52 p.c. bismuth, and has m.p. 96**. 
Such alloys are used to a considerable extent in 


safety plugs for boilers and for automatic 
sprinlders. 

The varieties of fusible metal contain these ^ 
three metals, with the addition sometimes of 
ca dmium , which still further lowers the melting* 
point. A table of the most important of these 
alloys is given below : 


Name of alloy 

Bismuth 

Lead 

Tin 

Cadmium 

Melting-point 

Temperature of 
maximum density 

Newton’s 

60 

31-26 

18-75 


94-6° 

_ 

Rose’s . 

50 

28-10 

24-1 

— 

96- 

66° (Spring) 

D’Arcet’s 

60 

260 

25-0 

— 

94** 

— 

Lichf/mberg’s . 

60 

30-0 ; 

1 20-0 


— 

— 

Wood’s . , ; 

50 

25-0 

12-5 i 

12-5 

65° 

25° (Spring) 

Lipowitz’s 

50 

26-9 1 

1 12-78 

10-4 

65° 

38-6° ( „ ) 

Guthrie’s ^ Eutectic ’ 

60 

20-56 

21-10 , 

14-03 




The action of heat on fusible metal is sone- 
what anomalous. Taking Lipowitz's alloy as a 
typical example, ^ find (from Springes table of 
densities at dificrent temperatures) that this 
alloy whilst cooling; contracts very rapidly at 
the solidifying point (66**), contracts slowly 
from that temperature to 38 ‘6°, expands thence 
to about 25°, and again contracts, occupying 
at 0° the same volume as at 46**. 

For this reason, in taking a cast or impression 
with fusible metal, it is advisable to allow the 
alloy to cool to a pasty mass before placing in 
the mould (v. further, (jiodefroy, Fremy’s 
Encvcl. Chimique, art. * Bismuth,^ 1888, 24-30). 

Mercury dissolves a considerable amount of 
bismuth without solidifying. The amalgam con- 
taining 1 bismuth and 4 mercury adheres 
strongl^'to smooth surfaces such as glass. One 
part bismuth and 2 parts mercury forms a pasty 
amalgam. The alloy consisting of B'Arcet's 
alloy and mercury, for which 260 parts of mercury 
are used for 100 parts of O’Arcers alloy, is used, 
on account of its low melting-point, tor taking 
casts of anatons'cal preparations. The alloy 
is introduced in the liquid state, allowed to 
solidify, and the fleshy parts dissolved by solu- 
tion of caustic soda. This alloy is also used for 
silvering glass tubes, Ac. 

Bismuth alloys with the alkali mdals ; 
Johannis (Compt. I'cnd. 114, 585) has obtamed 
an alloy of bismuth and sodium, of the formula 
BiNag, by the action of a solution of sodium in 
liquid ammonia on bismuth. The compound 
forms small, dark -grey crystalline lamiuse, 
m.p. 7*26°, and takes fire in the air. It may 
eawy be prepared by slowly adding bismutn 
to sodium melted beneath paraffin heated to 
SOO^-SIO® when the crystals separate out. An 
alloy with potassium, KglBi, may be prepared in 
a similar manner (Voumasos, Ber. 1911, 44, 
3266). The alkali bisifiathides are readily 
oxidised in the air, turning black, and bum 
easily, giving a red residue ol alkali bismuthate. 
They aosorb hydrogen at 350**, forming a pro- 
duct which is decomposed by water, evohing 
hydrogen. Tk)y deoonmose water slowly at 
the orainary temgeratme, and more rapidly 
on boiling, and reduce copper salts in solution to 
metallic copper. 4 , 

A. H. Uallatin (Phil Sag. (41 38, 57) has pre- 
pare^ an alloy of bismuth with timmonium (t). 


fie scattered ammonium chloride over bismutn 
sodium alloy, and added water. The alloy 
swelled and then contracted. On plunging 
in water or heating, a mixture of hydrojgen and 
ammonia wa^ evolved. After drymg in va(u6 
over sulphuric acid, it evolved 27 volumes of 
gas on heating. 

Compounds of Bismuth. 

Bismuth forms two well-defined classes of 
compounds, in which it is a diad and a triad 
respectively. There are indications of the 
existence of some more highly oxidised com- 
pounds, but, assuming their existence to be 
proved, their constitution can bo mure easily 
explained by the assumption of a higher valency 
for oxygen than by assuming bismuth to be a 
pentad. 

Hydride. A gaseous hydride of bismuth 
appears to be formed by the solution of an alloy 
01 bismuth and magnesium with thorium-C 
or radium-C in 0'2 N hydrochloric acid. It is 
fairly stable at ordinary temperatures, but is 
decomposed at a red heat and forms a mirror 
in the Marsh apparatus similar to antimony 
(Paneth, Ber. 1918, 51, 1704; Paneth and 
Wintemitz, idem. 51, 1728). 

Oxides. Only two oxides of bismuth, the 
dioxide and the trioxide, are definitely known. 
The statemenU of Dcichlcr, Hauser, and Vanino 
and Troubert, that bisniuthic acid and tetroxide 
exist, have been controverted by Gutbier and 
Bunz (Zeitsch. anorg. Chem. 48, 102 ; 49, 432 ; 
50, 210 ; 52, 124) ; Moser (Zeitsch. anorg. 
Chem. 50, 33) states that the addition of hydro- 
gen peroxide to a bismuth salt precipitates only 
oismuth trioxide. According to Hollard (Compt. 
rend. 130, 229) a peroxide of the formula BigO 
is formed during the electrolysis of a solution o 
bismuth sulphate, but this observation has not 
been confirmed. It is doubtful whether a sub- 
oxide exists. 

The trioxide and the compounds derived from 
it are the only ones of commercial importance. 

Bismuth trioxide BigO, occurs in nature 
aa hismvih ochre. It is best prepared by 
heating the subnitrate of bismuth until red 
fumes cease to be evolved. It may also be 
^prepared by exposi^ the m^tal to a red- white 
heat in a muffie. The metal theiN^iinu and 
forms tlie oxide, which condenses as a yellow 
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powder. Biamnth oxide thus obtained is a 
pale-yellow amorphous substance, which melts 
at a red heat to a glass without ohange of weight. 
Its Bp.gr. is 8*21. Heated in sulphur dioxide it is 
ultimately converted into a basic sulphate 
4Bi,0„3S0,. 

The oxide can be obtained crystalline, and 
has been shown to be isodiniorphous with 
antimony trioxide (Muir and Hutchinson, Chem. 
Soc. Trans. 1889, 143). 

It is used for glass and porcelain stainint; ; 
as an addition to certain fluxes to prevent the 
production of colour ; and in gilding porcelain, 
being mixed in the proportion of 1 part oxide to 
15 ^rts of the gold. 

The darkemng of the commercial substance 
on exposure to light is due to the presence of a 
trace of silver. 

A hydrated bismuth oxide BiaOa,H)0 is pre- 
cipitated as a white powder on addition of 
caustic alkali to a bismuthous salt, such as the 
nitrate ; but Thibault (J. Pharm. Chim. 12, 569) 
has shown that under these conditions the 
product contains appreciable quantities of 
oxy- acid salts. By precipitating the hydroxide 
from an alkaline solution by the addition of acid, 
a pure product is obtained wliich on drying 
yields the pure oxide. It dissolves in alkali in 
presence of glycerol. On addition of sugar to 
the solution, metallic bismuth is precipitated, 
whilst arsenic, if present, remains in solution. 
Lowe (Zeitsch. anal. Chem. 22, 498-605) recom- 
mends this method for the preparation of pure 
bismuth for pharmaceutical purposes. 

Bismuth carbonate 00(0 BifJ), is best pre- 
pared by triturating powdered bismuth nitrate 
with mannitol under water until solution is 
obtained, when a strong solution of potassium 
carbonate is added. Bismuth carbonate 
separates as a fine heavy powder which is 
washed with water, alcoliol and other, and dried 
in the air (Vaning, Pharm. Zentr-h. 1911, 52, 
761). 

Bismuth nitrate Bi(N 03 ) 3,5 HgO is prepared by 
dissolving bismuth or its oxide or carbonate m 
moderatdy strong nitric acid. The concen- 
trated solution is filtered, if necessary, through 
asbestos, and deTOsits on cooling large deliques- 
cent crystals, which are caustic and melt in 
thoir water of crystallisation when gently heated. 

When the bismuth used for tho preparation 
contains arsenic, excess of nitric acid should be 
used for the solution ; tho arsenic is then oxidised 
to arsenic acid, and combines with its equivalent 
of bismuth, being precipitated as arsenate of bis- 
muth. R. Schneider (J. pr. Chem. 20, 418-434) 
recommends the following proportion.^ : 2 kilos, 
bismuth, 10 kilos, hot nitric acid (75^ to 90") ; 
when the action is finished the liquid is de- 
canted from the sediment, which contains all 
tho arsenic. On addition of water to the solu- 
tion a white precipitate of basic nitrate falls, the 
constitution of which vanes with the amount 
of water used. This was formerly known as 
magistery of hiamvih, and is now called flake or 
pearl white, the latter name being also applied 
to the oxychloride of bismuth. 

For pharmaceutical purposes the subnitrate 
is prepay as follows : jDissolve 2 parts of bis- 
muth in 4 parts efitrio acid of 8p.«. l*42f diluted 
with 3 wjftB water, pour from deposit, if any, 
ovaporaw to one-thira the bulk, andjpour into 


80 parts of water, filter, wash and dry the pic« 
oipituto at a tem^rature not above 65*. 

It is a pearly-white powder consisting of 
minute crystalline scales. It is employed as a 
flux for certain enamelqi augmenting their 
fusibility without imparting any colour, and on 
this account is used as a vehicle for metaUio 
oxides. For the colourless iridescent ^laze on 
porcelain the basio nitrate is rubbed with resin 
and gently heated with lavender oil ; by tho 
addition of coloured oxides, yellow and other 
colours are produced. It is also used like the 
oxide and in the same proportions for gilding 
porcelain, and to some extent as a oosmetio 
under the names hlane de fard and blane 
d'Eapagne. It is largely used in mcdiokie. 

When prepared from impure metal it is liable 
to contain arsenic, lead, and silver; tellurium 
has also been suspected (Pharm. J. 3, No. 287). To 
tost for arsenic, heat a little of tho nitrate in n 
tube until brown fumes cease to be evolved. 
Add a sraal) crystal of potassium acetate, and 
again heat ; in presence of a trace of arsonio the 
odour of kakodyl is observed (A. Glenard, de 
Pharm. [4] 1, 217). * 

Bismuth chloride BiCl,. This compound 
is produced when finely powdered bismuth is 
thrown into chlorine gas or when ohlorino is 
oassed over the heated It is also formed 

by tho solution of bismuth in aqua regia and 
evaporation of the liquid; or by distilling a 
solution of the oxide in hydrochloric acid, 
chancing the receiver when all the water has 
distilled over. 

It is a easily fusible solid, which 

absorbs moisture from tho air, forming a crystal- 
line hydrate. By the addition of water a white 
precipitate of basic chloride or oxychlorido is 
produced corresponding to BiOCl, tlftugh its 
composition varies considerably. 

The oxychloride ol bismuth is, however, 
usually prepared by pouring a solution of tho 
normal nitrate into a dilute solution of common 
salt, forming oxychloride of bismuth and sodium 
nitrate. « 

It is a white pearly powder known as pearl 
white, and is used as a pigment, and in the pro- 

S oration of a very fine yellow pigment known as 
crim<^e's antimony yellow (v. Anumony). 
For double salts of bismuth chloride and chlorides 
of bivalent metals, sec Weinland, Alber and 
Schweiger, Arch. Pharm. 1010, 264, 521. 

Bismuth chromate r. under Chromium. 
Bismuth sulphite, produced by the action of 
sulphurous acid on bismuth carbonate, or by 
double decomposition between a bismuth salt 
and an alkali sulphite, is a white c/ystalline 
powder, and is usea in medical practice to chock 
micstmal fermentation, and in cases of worms. 

The organic compounds of bismuth have found 
maiw applications in modicine and surgery. 

Bismuth salicylal9 is prepared, according to 
Causse (Compt. rend. 112, 1220), by add^g a 
solution of a neutral salicylate to a solution of 
bismuth nitrate in a minimum amount of 
hydrochlorio acid. Considerable quantities of 
ammonium chloride are added to the solutions 
before they are lifted. Hydrated bismuth 
salicylate Bi(C7HjO,)»,4H^ is thus obtained 
as a white crystalnne powder, insoluble in cold 
water. # • 

A better^ method of preparation, due to 
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Tbibattlt (Bull. Soo. chim. 2B, 794)i,con«i8t8 
in treating the bismuth oxide obtained by 
precipitation from 15 parts of bismuth nitrate 
with a solution of 10 ^rts of salicylic acid in 
200 parte of water and heating on the water- 
bath till the actionals complete. The product 
is decanted, washed with cold alcohol, and dried 
at 100^ It is thus obtained in rose-grey 
crystals, which are soluble without decomposition 
in cold alcohol, other, or in a saturated aqueous 
solution of salicylic acid. 

Martinotti and Comelio (Bull. Chim. Pharm. 
40, 141) point out that commercial preparations 
of the salt vary very much in composition, the 
amount of acid ranging from 6 to 67 p.o., and 
that of bismuth oxide from 37 to 79 p.c. 

Kohler, however, has shown (Pharm. J. 64, 
501) that the alcoholic test of the British 
Pharmacopoeia is too stringent, as hot alcohol 
decomiiosos the salt. A more trustworthy 
method of testing of bismuth salicylate for free 
acid consists in extracting it with 90 p.c. benzene 
and filtering the extract into dilute ferric 
chloride solution (1 in 3000), when a violet ring 
is produced at tiw junction of the two liquids 
if free acid is present. 

Basic bismuth gallate, known commercially 
as * dermatol' is prepared as follows : 306 grams 
of basic bismuth nitrate is dissolved in 328 grams 
nitric acid of strength 38^B., diluted with 200 
grams water. The solution is filtered through 
glass- v^ooi, evaporated down to fiOU grams, and 
allowed to crystallise. The product is dissolved 
in 080 grams glacial acotio acid, diluted with 
8 litres of water, and then mixed «.vith a solution 
of 188 grams crystallised gallic acid in 8 litres of 
water. The precipitate of bismuth gallate thus 
produced is washed five or six times with water, 
pressod,«and dried (Hartz, Pharm. Rundsch. 
12, 182). 

Another method consists in treating a solu- 
tion of bismuth nitrate m nitric acid with a 
solution of gallic acid in 70 p.c. alcohol, nearly 
neutralising with sodium hydi oxide or sodium 
carbonate, and finally adding considerable 
quantities of sodium acetate or diluting largely 
with water. The compound is thus obtained as 
a yellow precipitate, which is collooted and dried 
(Enu. Pat. 6234, 1891). 

The empirical formula of the substance is 
BiC^HyO,, and Thibault (J. Pharm, Chim. 14, 
487) considers that it is really bismuthogallic 
acid, adducing in favour of this view the faot 
that with alkalis it forms salts of which potassium 
bismuthogallate KsBiO^H^O, is a type. 

A general method for the preparation of 
bismuth* salts of organio acids is tlie solution 
of freslily precipitated bismuth hydroxide in 
a solution of the acid (Fischer and Griitzner, 
Arch. Pharm. 1894, 232, 460; v. also Telle, 
ibid. 1908,246, 484, for the preparation of hismvih 
ladaie by this method). 

Basic bismuth dlbromohydroxynaphthoate, 
which has been suggested as a substitute for 
iodoform in surgical dressings (G. Richter, 
Apoth* Zeit. 1908, 23, 600), is obtained by a 
similar method. iS-hydroxynaphthoio aoid is 
brominated in%oetio aoid solution, and the 
reorysiallised prodCot h^ted with bismuth 
hydroxide. The salt is a finely crystalline, 
yellow, o^urless, insolui^le powder, which is 
unaffected *by beating to 110^ 


Bismuth chrysophanate (* Dermal*) 

Bi(C„H,OJ,Bi,0*(T) 

a yellowish-brown powder, is, according ta 
Merck, a mixture of impure chrysarobin mid 
bismuth hydrate. 

Compounds of bismuth with phenols are 

obtained by double decomposition between an 
alkaline salt of the phenol and a salt of bismuth, 
such as the nitrate. Among those that have 
been made commercially may be mentioned : 

orphol (the jS-naphthol compound) 

C,oH,OBi(OH)a+Bi, 03 +H, 0 ; 

xeroform (the tnbromophenol compound) 

(CeHaBr 30 )aBiOH+BiaO, ; 

helcoaol (the pyrogallato) 

[C.H3(OH)aO]a-BiOH. 

An important pathological application of bis- 
muth salts is their administration internally 
in order to outline parts of the body in Rontgen 
ray work. 

Bismuth oxylodosubgallate 03113(011)3*003* 
BiI(OH), ^ airol,* is prepared by heating together 
in 50 parts of water 35 parts bismuth oxyiodide, 
and ]8‘8 parts gallic acid until the product is a 
greyish-green powder. It is used as a substitute 
for iodoform.* 

Other compounds of bismuth to which trade 
names have been given are: 

Bismalt bismuth methylenedigallate, ob- 
tained by the general method from the hydroxide 
and methylonedigallio acid. 

Markasolt bismuth borophenate. 

Thtoform, bismuth dithiosalicylate, used as 
a subsUtuto for iodoform (v. Synthetic dbttos). 

Tertiary aromatic bismuthines and their 
halogen derivatives have been prepared by 
Challenger (Chem. Soc. Trans. 1914, 105, 2210). 
Other organo- bismuth compounds have been 
described by Lowig, Annalen, 1850, 75, 355; 
Bleed, ibtd. 1852, 82, 106 ; Dunhaupt, tbtd. 
1854, 02, 371 ; Miehcelis and collaborators, 
Ber. 1887, 20, 62, 54, 1616; 1888, 21, 2036; 
(Jillineister, Bor. 1897, 30, 2843 ; Pfeifler and 
rictsch, tbid, 1904, 37, 4620 ; Hilpert and 
Grdttner, ibtd. 1913, 46, 1686; Hilpert and 
Ditmar, tbid. 3741 ; Ehrlich and Karret, ibid. 
3564 ; Vanino and Mussgnug, Ber. 1917, 60, 21. 

BISMUTHINITE or BISMUTH-GLANCE. 
Native bismuth sulphide, BisSg, occurring as 
acicular or bladed orthorhombic crystals or 
lamellar masses, very like stibnite (SbsSa) in 
appearance. In Queensland and Bolivia it is 
found in sufiicieut abundance to be mined as an 
ore of bismutli. L. J. S. 

BISMUTITE. Basic bismuth carbonate, eon 
taining about 00 p.c. Bi 303 ; formula perhaps 
BiaOs'COj’H^O. It is a yellowish earthy 
material, and presenting such an appearance is 
surprisingly heavy (sp.gr. variously given as 
6*0 and 7*6). It occurs as an alteration product 
of native bismuth, and in Bolivia is an important 
ore of this metal. L. J. S. 

BISMUTOSE V, Synthetic Drugs. 

BISTRE V. Pigments. 

BISULPHIDE OF CARBON v. Carbon 
disulphidef art. Carbon. 

BITTER ALMOND OIL v. Benzaldebyde* 
and Oii3» Essential. 

^ BITTER APPLE v. CoLOCY^'TH. 

B ITTE R SWEET v. Dulcamara. 

BITTER WOOD v. Quassu. 



BLACKING. 


BITTBRN. The mother liquor which re- 
mains after the oi^stallisation of common salt 
from sea- water, or the water from salt springs. 
It oontainB soluble magnesium salts, bromides, 
and iodides. 

The same term is also applied to a mixture 
of equal parts of quassia extract and sulphate of 
iron, 2 parts extract of Cocculm indtcus, 4 parts 
Spanish liquorice, and 8 parts treacle, used to 
sophisticate beers. 

BITUMEN. This term includes a consider- 
able number of inflammable mineral substances 
consisting mainly of hydrocarbons. They are of 
various consistence, from thin fluid to solid, but 
the solid bitumens are for the most part lique- 
fiable at a moderate heat. The purest kind of 
fluid bitumen, called naphtha or rock oU, is a 
colourless liquid of sp-gr. 0*7-0*84, and with a 
bituminous odour. It often occurs in nature 
with asphalt and other solid bitumens. Petro- 
leum is a dark-coloured fluid variety containing 
much naphtha. Maltha or mineral tar is a more 
viscid variety. The solid bitumens arc asphalt I 
(q.v.) ; ‘mineral tallow or halchelin ; elastic j 
bitumen, mineral caoutchouc or elaterite ; ozo- 
kerite, Ac. 

An abundance of bitumen is found in the 
island of Trinidad at the Pitch Lakes, and in 
Mexico. It is supposed to be a product of the 
decomposition of vegetable matter, and consists 
chiefly of hydrocarbons with variable quantities 
of oxygen and nitrogen (t>. Pitch). 

BITUMINOUS COAL v. Pi kl. 

BIXEIN, BIXIN, Colouring matters of 
annatto (v. Annatto). 

BLACK BAND IRONSTONE v. Iron, Ores op. 

BLACKBERRIES. The fruit of the bramble, 
liubus fruticosus. Kouig gives, as the average 
composition : 

Free Other curbo- 

Wator l*ro1olii acid Su«ar hydrates Fibre Asli 
8«'4 0*6 1*2 4 4 1*8 r>*2 0 5 

The seeds contain about 12 0 p.c. of a drying 
oil, sp.gr. at 15° 0*9250, iodine number 147 8, 
the liquid fatty acids — about 91 p.c. of the oil, 
contain about 80 p.c. of hnolic acid, 17 p.c. of 
oleic acid, and 3 p.c. of linolcnic acid, whilst the 
solid acids, chiefly palmitic acid, amount to 
about 4*7 p.c. ; volatile acids are not present in 
the oil. A small quantity of phytosterol is 
present (Krzizan, Chem. Rev. Fett u. Harz, liid. 
1908, 15, 7). For a study of the colouring 
matter of the fruit, see Vecclu (Chem. Zeit, 1914, 

L 1209). H. 1. 

BLACK BOY GUM r. Balsams. 

BLACK CHALK. A kind of clay containing 
carbon, found in Carnarvonshire and in the Isle 
of Islay. 

BLACK COPPER v. Coppeb. 

BLACK EARTHY COBALT v. Cobalt. 

BLACK FLUX v. Assaying. 

BLACK HAW. The dried bark of Viburnum 
pruni/olium (Linn.). 

BLACK HELLEBORE ROOT. Jladia; Helle- j 

niffri. {Racine dVEUebore noir, Fr. ; Schwarze j 
Nieaiourzel, Ger.). • ! 

The roo]>of the HeUdborus nig&r (Linn.) or I 
Christmas Rose (Woodville, Med. Bol* 160 ; ! 
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Bentl. a. Trim. 2). Black hellebore and 
the nearly related green hellebore, Helldmrus 
viridis (Lmn.), are seldom employed in England 
except in veterinary medicine. They are both 
powerful intestinal irritant|^ {Veratrum viride 
and F. album, also known as green and white 
hellebore respectively, are very different plants, 
and contain alkaloids.) 

According to Husemann and Marnu^ ( Annalen, 
133, 55), both species of lldl^orus contain a 
glucoside hellvhorein, and a smaller quantity of 
a second ghicosido hclUborin. The former is, 
according to Sieburg (Arch. Pharm. 1913, 261, 
164), an amorphous saponin (CgjHs^Ojo)*, and 
is hydrolysed by boiling dilute sulphuric acid to 
2 moLs. ouch of dextrose and arabinoso, k mol. 
of acetic acid, acid hclleboieiin CaiHa^O, (a 
lactone?), end nnihal hellcboretin a 

greenish- black mass, llclleboroln is not a 
suitable substitute for digitalis (r/. also Thaeter, 
Arch. X^harm. 1897, 236, 414). liellcborin melts 
with decomposition at 160°, dissolves easily in 
boiling alcohol or chloroform and gives a deep 
red solution with sulphurio acijJ. • 

BLACKING. Blacking for shoes is mentioned 
as early as 16!>8, but it was not introduced into 
England until the reigu of Charles II. It con- 
sists of (1) black bone charcoal (free from 
calcium phosphate, otherwise it is subsequently 
treated with dilute sulphuric acid) and black 
colouring matter ; (2) a mixture of sugar and 
oil, which, on rubbing, imparts the gloss ; and 
(3) fatty mutter for preservation purposes. 

(’aniauba wBx with its hardness and high 
moltmg-pomt is tho basis of inodorn friction 
poliKiic.s. I’Ko cheaper canilclilia wax may, to a 
certain extent, replace tho carnauba with but 
little dilTcrence in tho (piality of the poliak. 

There are two cliiof methods for working 
these waxes into polish : The wax is emulsilica 
by boiling in a solution of borax. Tho product 
IS known as white slock, if polish in to bo in tho 
form of paste, tlie wliite stock while liot is mixed 
with a hot solution of ordinary laundry soap 
and Huflicicnt nigrosin to give the desired deptn 
of colour. The mixture cools as a soft paste 
that may readily be applied by means of a brush 
or sponge. I f the potisii is desired in the liquid 
form, tho best grade of Castillo soap is used ; 
a solution of tins variety of soap does not 
gelatinise. Nuiik'toum trials have shown that 
no matter how dilute tho soap solution, a satis- 
factory lic^uid cannot bo obtained unless (‘astille 
soap IS used. Both tho paste and liquid forms 
are widely used With a moderate friction, 
the hard waxes held upon tho leather by the 
soap, give a beautiful and very desirable polish. 

The second method of dealing with the hard 
I waxes IS as follows ; Carnauba or candclilla or 
a mixture of tho two with beeswax and ceresin 
or paralhn is dissolved in hot turpentine and 
mixed with very finely pulverised bone charcoal. 
When properly cooled there results a firm paste 
that spreads rapidly under a brush or sponge. 
When this mixture is poured into boxes it must 
be properly goo 1(^, otnerwise them is a separa- 
tion of the harder wax A fronuthe solvent, the 
result being a granular sloppy mass instead of the 
ftrm paste deured. If ue harder waxes alone 
were it would tie difficult to prevent 
separation from^he turpentine on cooling, be^^e 
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the Admiztore of lofter wftZM. Beeswax gives 
also a toughness or Jack of shortness to the 
paste, and a smooth finish that cannot be 
obtained without it. These softer waxes reduce 
the gloss availab|) from the camauba or 
candmilla. The use of bone black as a colouring 
agent is an attempt to overcome the weakness 
inherent in the use of the softf^r waxes, and to 
add to the gloss obtainable from the waxes 
that obtained by fruition of the bone carbon. 

For tan leathers the same goods are used, 
except that a brown or vcllow dye and pigment 
replace the nigrosin and bone char. The appH 
cation of the tan polish is frocjucntly preceded 
by the use of a cleaning w^Iuiion to remove 
stainft and discolouration (J. T. Donald, J. Soc. 
Chem. Ind. 11113, 32, 450). 

A liwid blacking can be prepared from 120 
parts of ivory block, 90 parts brown sugar, 16 
parts olive oil, and 600 t>arts stale beer. The 
ivory black, sugar, and olive oU are mixed into 
a smooth paste, and the beer added under 
constant stirring (Hiscox, 1007). 

* A Dermaii recipe is as follows: 26 parts 
Marseilles soap are dissolved m 376 parts of 
warm spirit (26 p.c.) and 40 parts of glyoorol 
added ; this is shaken and adiled to a bolution 
of 200 parts of shcUae dissfdvcd in 1000 parts 
of spirit (06 p.o.) and 6 parts nigrosine in 126 
])art8 of spirit added. The mixture is acU 
shaken in a closed vessel and left for a fort- 
night. 

Liquid polish, 4 oz. asphultuni, 8 fl. oz. 
turpentine, 3 fi. oz. of gold size. ^ oz. nigrosine, 
and 3 tl, oz. linseed oil. 'J'he inixturo is heated 
until uniform and thinned down to di'sirod eon- 
sistcnco with oil of turpeutino (Phot. J. Deo. 
1008, 738). 

Vdy and Martinis chief blacking is obtained 
by mixing ground auinial charcoal, sfMjrm oil, 
raw sugar or treacle, and a small {Kirtion of 
vinegar. Dilute suljihurio acid is then added 
to tne mass until intumescence ceases, and 
the product is thinned by the addition of 
vinegar. 

Bryant and Jamf^t indianiblior blacking is 
prepared by triturating thoroughly 18 oz. very 
fine shreds of indiarubbor, 0 lbs. hot raiicstHid 
oil, 00 lbs. finely powdered animal charcoal, 
46 lbs. treacle, 1 lb. gum arabio previously 
dissolved in 20 gall, vinegar. The whole u 
placed in a wooden vessel, and 12 lbs. 
lulphurio acid added in small quantities at 
a time, and stirred for k uaily for 14 
days, 3 lbs. of finely ground gum arabio added, 
and stirring continued for 14 daya U required 
in the paste form, only f 2 goU. vinegar added and 
6 or 7 days* stirring is sumoient. 

Brunner makes a blacking by stirring 10 
parts of bone black with 100 parts of glucose 
syrup, and 6 parts sulphuric acid added with 
rapid stirring until the mass is homogeneous. 
2 parts of Bc^ are dissolved in 4 pai^ water, 
and 20 parta train oil added and TOiled with 
constant stirring until a thick liquid it formed : 
the other mixture is then added with repeated 
stirring. t 

A chmp and {Wfd jmm bla^ng may be pre- 
pared by mixing 1 lb. of ivory black, 1 lb. 
mo l a ss e s, 8 taUespooii^ sweet oil, and 1 oa. 
of gttjnurahao, dtmvM in 2 quarts of vinegar 
mS i lU. of oil of vitrioL ^ 


Paste blacking. Mix 16 oz. ivory black, 
10 oz. lampblack, 6 oz. treacle, 6 oz. vinegar, 
and 4 oz. sperm oiL Mix and add gradually 
4 oz. sulphuric acid. When iniumcscmiGe 
ceasM, adfl | oz. of iron sulphate, 6 oz. gum 
arabic, and 6 oz. water (Pharm. Formulm, 
1008, 378). 

Sticks of blacking of plastic consistence are 
made from the following : 6 oz. stearin, 6 oz. 
paraflin wax, 2^ oz. camauba wax, 2} oz. 
lustrous pitch, and 7 oz. turpentine (Pharm. J. 
Pat. 2604, 1908). 

Jliscox describes the following paste : 122 
parts Marseilles soap, 61 parts potassium car- 
bonate, 600 parta beeswax, and 2000 |)artit 
water are mixed with constant stirrmg and 
163 parts rock candy (powdered), 01 parts gum 
arabic, and 1000 parts ivory black are added 
with constant stirring. 

Boot polish. 6) oz. ozokerite, 2 lbs. oerasin, 
61 oz. camauba wax, 1} oz. beeswax, 4 pints 
turpentine, 2 lbs. lampblsck, 20 grams black 
anilinodye.and perfume added if desired (Pharm. 
J. 1008, 600). 

Self shining blacking. Dissolve 4 oz. gum 
arabic, oz. coarse sugar, 1 pint good blaok 
ink, and 1 oz. sweet oil, rub in a mortar, add 

2 oz. strong vinegar, and acid lastly 1 oz. rectified 
spirits (Scientific Amer. 1903, 30). 

French shoe dressing. 32 oz. vinegar, 8 oz. 
locwood, and ^ oz. potassium dichromate are 
boile<l and strained wnilst hot into a mixture of 
4 oz. gelatine, 4 oz. tragacantb, 4 oz. glycerol 
and 16 oz. water. The mixture is allowed to 
stand for some hours: 2 oz. indigo are then 
added, and the whole triturated m a mortar 
(Pharm. Form. 1008) 

Boot-top liquid, 1 oz. oxalic acid, 1 oz. zinc 
sulphate, dissolved in 30 oz. water. Apply 
with a sponge to the leather, which has b^n 
previously washed with water, then wash of! 
with water, and dry (Workshop Receipts, 1009, 

123) . 

For kid shoes. 2 oz. gum shellac, 1 oz. 
aqueous ammonia, 8 oz. water, and aniline blaok 
enough to colour. The first two ingredients 
are Tioatod almost to boding, and water is 
aildod to make the whole measure 16 oz. 
(Scien. Amer. 1003, 30). 

Waterproof blacking. 0 oz. caoutchouc and 

3 lbs. hot rape oil are added to 20 Iba ivory black, 
16 lbs. molasses, and 0 or 7 gall, vinegar in which 
6 oz. ground gum arabio nas been dissolved; 
then Md 4 ll». sulphuric acid and stir con- 
stantly. Allow to stand for 2 weeks, then adil 
1 lb. fine gum arabic. Stir daily during2 
weeks, and bottle (Workshop Receipts, im, 

124) . 

For dress hoots. 8 oz. gum arabic and 2 oz. 
molasses dissolved in 2 oz. ink and ^ pt. 
vinegar. This is strained, and 2 oz. spirits of 
wuio added. 

BLACK-JACK. A miner's term for blende, 
or zinc sulphide (v Zinc). P. ZufCBLXKOi. 

BLACK LEAD, llie common name of 
plumbago or graphite {p. Carbon). 

BLACKLEY BLUB «. Inoulinbb. 

BLACK LIQUOR. Ferrous acetate (i^ Aosno 
AdOk 

BLACK MUSTARD SEED OIL e. Raps ojli 
Oi&a eod Fats. 

BLAOK TILLURIUH ta TnLmnnc. 
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BLkCK TIN r Tm. 

BLACK VABNI8H or BLACK JAPAN v. 
Vabnisb. 

BLACK WAD t Manqankse 

BLACK. WOOL. v. AUi- COLOUIUNU 

MATTBRS. 

BLANK FIXE Trade natue for ground 
barium sulphate used as a pigment (r 
Babytbs). 

BLANKET. A trade or factory term tor 
•odium hydrosulphite. 

BLANQUETTE. A kind of t rude "uihi. le>8 
caustic than barilla, otitaiiicd at Aigues-Mortos 
by the incineration of StiLtrtia knU 

BLAST FURNACE GAS r Fuei. 

BLASTING GELATINE AND POWDER 

ExI'LOSXVKS. 

BLAU or BLUE GAS. A mixiuieof \oiatile 
hydrocarbons, e.g. ftropane, butane the pen 
t^e«, Ac., containing liydrogcn and methane, 
Ac., in !>oliition uinlei pressure The pressure 
solution 18 tilled into ste<d cylinders, ana is thus 
available for transiioit. Used for dluminating, 
heating, and poaer pui[>u8cs (HalliK k, J. fSoc 
Chem. ln<l. 1908, 550). 

BLEACHING. This tr^nu Higniiies the art 
of destroying the natural colour of vegetable 
and animal products in such a manner as to 
leave them unimpaired with as white an apjK^ar* 
ance as {lossible. 'I’lio removal of certain other 
natural or artificial trnpiiutie.s usually aocom* 
{lanios the bleaching proi><>r. The art accpiires 
Its greatest imjxjrtanec in connection with the 
U'Xtilo fibres, cotton, linen, wool, and silk; hence 
special rideronco will bo made to the modern 
methexis of bleaching these materials. 

Cotton bleaching. Cotton is usiialiy bleached 
in the form of yam, thread, and fabric, seldom 
as loose cotton- wool. 'I'he natural ]mpuritie.s 
occurring in raw cotton amount to about 
5 p.o., and consist chiefly of {leclio matters ; 
other substances present are brown colouring 
matter and very minute quantities of a fatty 
acid, cotton wax, and albuminous matter. The 
soiled grey appearance of raw cotton* wool, yam, 
and thread is almost entirely duo to the presence 
of these natural impurities. Cotton cloth or 
calico, however, is stiU further contaminated 
with flour or starch, fatty matter, China clay, 
and other mineral substaiioos, all of which, to 
the amount of 30-^ p.o., have been introduced 
during the sizing of the warp. 

Cotton yarn and thread bleaching. If the 
cotton yam is in the form of * aarps,* these are 
loosely plaited by hand or machine in order to 
redneo their inconvenient length ; il in the form 
of * hanks,' these are bleacnod separately or 
linked together in chain form ; weft yarn is 
sometimes bleached in the form of 'cops,’ ».c. 
ready for the spool of the weaver's shuttle. 

The several operations of the bleaching 
process for 1500 kilos, yam, employing low 
{Bessure kiers, are as follows : — 

1. Ley-bod. 300 litres oaustio soda (sp.gr. 
1*16), 2000 litres water, boil 6 hotin; 
wbA in kiss 1 hour. 


sleep UAtkM sm»v« hall an nwai wash 
under sieve half an hour and afterwards 
in washing machine. 

4. Soaping ana blueing. Soap solution 

about 0 grams peiFlitr^ with addition 
of small quantity of indigo*purplo (indi* 
gotin monosulpnonate of soda), steep 
2 hours under sieve. 

5. Dumping. Pass through dumping ma< 

eliino containing -soap solution and 
indip)* purple, as in ojieration No, 4 ; 
wash, squeeze or hydro-extract^ and 
dry. 

The first, second, and third operations are 
repeated in the case of thread bwauae of its 
closer texture. Fur the second ley- boil, 3(Plitres 
oauHtio soda (sp.gjr. I'lO) ami 15 kilos, soap are 
usoil : the cliemicking and souring are exact 
repetitions. 

The leu-hoil takes place in large iron boilers 
or ' kicrs,' a representation of which is shown 
in Fig. 1. 

'I'ho Ixnler a has a central puflor pipe, B, fur- 
nished with a bonnet or sproadgr. M, at the top , 



c is a perforated false bottom ; D is the lid 
hinged at E ami oajiable of being readily lifted 
by means of a chain and ooiinterwoight ; W is 
an air valve, L a steam pressure gauge ; and 
1 are the steam an<i liquor pipes connected bv 
the two-way valve K with the pipe J, whioh 
enters the kior immediately below the puffer 
pipe ; o is the let-off valve^ 

When such a kior has been clmrgod with 
yam and caustic soda l jlution, the lid is fastened 
down and steam is admitted. The liquor below 
the false bottom soon begins to boil, and as the 
pressure of steam increases, a portion of the- boil- 
ing liquor IS forcibly eject^ up the puffer pipe 
and spread over the yam. Ine liuuor drains 
through the yam, soon to be ejected as before. 
In thu intermittent manner the circulation of 


2. Ckemicking. Blaaohing-powde 
(•p.«. 1*005). steep untesie 
irnuk under sieve nail an be 


owder solution 
r slave 3 hours; 
s hour. 

S. Souring. Sulphurio s/’id (sp.gr. 1*005). 


)be boiling liquor is maintained. 

The apparatus for cluAnickuig, imuri g. wash- 
ing under sieve, soaping and blueing, shown In 
2. consists of a stone tank. ■, with pn» 
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‘ eroM-wotmd spools* (*6lioo8«*). The cops 
mBj be packed in wicker baskets or in linen 
bags and boiled in an ordinaiy kier, or they are 
treated in special cop-dyeing apparatus. It is 
preferable to use a solution of sodium hypo* 
chlorite in place of a bleaching-powder solution. 

Cotton-cloth or calico bleaching. Accord- 
ing to the purpose for which the bleached 
material is intended, we may distinguish between 
the madder bleach, the market bUach, and the 
machine referred to consists ; Turkey-red bleach. 

The madder bleach. This, the most thorough 


forated false bottom r, and tommunicairng by 
the ralve o with the stone tank d below. The 
chain of yam is drawn from the kier and led 
into the tank a by means of the vidnch a 
When B is suitabl^filled with yam, the liquor 
in tank d is raised by the pump o to the sieve 
t, whence it drains through the yarn into the 
well below, again to be pumped up as before ; 
B is the eccentrio wheel on revolving shaft by 
which the pump is worked, 

The • dumping * machine 
of a pair of heavv wooden rollers placed over a ' 


hige w<^en tank containing the soap solution. ! kind of calico bleaching, is in general use with 

^ calico-pzintera. It aims at 
entirely removing every im- 
:«• purity which will attract 
colouring matter in the madder 
or other dye- bath, so that the 
finished print may have a 
pure white ground. 

Before proceeding to the 
actual bleaching process the 
preliminary operations of 
alampin/j, Mtitching, and axnge- 
tug have to bo performed. 

To recognise each piece of 
cloth and to trace damages, 
tlie ends are stamped with 
numbers and letters, usually 
with thick gas tar, occasion- 
ally with aniline black. The 
pieces are then stitched to- 
gether by machine. 

The Singeing operation is 
for the purpose of burning 
otT the loose libres on the 
surface of the calico, since 
they interfere with the pro- 
duction of fine impressions, 
and are apt to give rise to 
certain defects durmg the 
printing process. It is per- 
lortRcd by rapidly passing 
the cloth m the open width 
over red-hot copper plates or 
cylinders, or over a row of 
Bunsen gas flames. Wo may 
distmguish, therefore, between 
pUUe singeing and gas aiwjcina, 
the former being generally 
preferred for thick heavy 
cloth, the latter for light thin 
eioth, muslins, &v. 

In plate singeing it is im- 
portant that the plates be kept 
at a uniform strong red heat 
sufficiently high to overoome 
the coolmg action of the rapidly 
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The upper roller is covered with cotton rope moving cloth. The best results are obtainei 
and rests loosely on^the lower one. The yarn is . by means of the ‘ singeing roller,’ which con- 
passed through the soap solution and then 1 sists of a slowly revolving copper cylinder 


between the squeezing rc'lers; the im^gularitira 
caused by the linking or plaiting impart to the 
upper roller a constant jumping motion, which 
thus effootually cleanses the yam and presses 
the soap and blue into the fibres. 

When hank yam is not linked to form a 
ohaiu, but treated as , separate hanks, * wash 
•1000** in which^ the yam is subjected to the 
beating action of heavy wooden hammer^ 
replace |be dumping iii..cQme. 

Btotehing of yam In the fom of * eopi * or 


through which a' furnace fiamo is conducted. 
In tliis case the cloth presses continually against 
a different portion of the red-hot surface of the 
roller; the cooling action is thus reduced to a 
minimum, and a regular even singe is the result. 

All singeing machines are provided with 
lever arrangements for immediately removing 
the cloth from the hot plate, or the gas flame 
from the cloth, in case of necessity ; further 
danger from fire is avoided by 
singed cloth to pass at once between a pair of 
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■ollen moistened with water, or through a small (solid), water 37,000 litres ; boil 12 

iteam chamber, in order to extinguish sparks hours. 

idhering to the cloth. 3rd. 380 kilos, soda ash, water 

The above preliminary operations are now 37,000 litres ; boiJLS hours ; wash, 

tucceeded by those of the bleaching projior. 6. Chemicking. Vkbs through bloaching- 
rho followring is an outline of the process at powder solution (sp.gr. 1*0025); pue 

sreaent in use for 24,000 kilos, cloth, employing 2-12 hours ; wash. ^ 

ow-pressure kiers : — 6. lKAi<e-tfotir. Pass through hydroohlono 

1. Wash after singeing. or sulphurio aoid^(8p.gr. 1*01); pile 

2. Lime-boil. 1000 kilos, lime, water about 1-3 hours. 

37,000 litres ; boil 12 hours ; w'ash. 7. Wash, squwze, opn out, and dry. 

3. Lime sour or grey-sour. Pass through 1. Wash after singeing. From the singeing 

hydrocliloric acid (sp.gr. 1*01); wash, house tho cloth is passed through the washing 

4. Ley-boils. Ist. 340 kilos, soda ash, water machine in rope form, then plai^ dowm on 

about 37,000 litre.s ; boil 3 hours. ; the lioor and allowed to lie * in pile* for.somo 
2nd. 860 kilos, soda ash, 380 hours to soften. By this otx'ration the cloth is 
kilos, resin, 190 kilos, caustic soda | well soaked with water, and is thus better pre- 
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pared to absorb the liquors used in tho sub- strands of cloth ; 8, s arc strung brass rings or 
lequent operations, Should the cloth bo heavily * l>ot eyes * through which tho cloth enters 
jized, much of the adventitious matter Is also the machine, and which can bo set at any^anglo 
removed at this stage. to regulate its tension ; K and w are tho screws. 

The form of washing machine generally levers, and w eights for regulating the pressure of 
employed is shown in Figs. 3 and 4. It con*' the squeezing rollcra against each other. The 
lists of a water trough, n, above which a pair action of this machine is such that the cloth is 
Df heavy wooden squeezing rollers, a, a, are sup- continuoubly being soaked with water and then 
ported. Two strands of cloth arc washed si mill- squeezed, thus causing* a vigorous stream of 
baneously ; they enter tho machine at the ends, water to flow dowm tho upward-moving strands 
pass betw’een the squeezing rollers, then round of cloth. 

the roller R in the water trough, again between 2. Lime-boil (lime-bowk, bucking, bowking). 
the rollers a, a, and thus travel spirally towards The pieces are run through milk of lime supplied 
the centre of tho machine, whence they are to a washing machine of small ^menipons— 
drawn out by a winch and piled on tho floor. | generally termed the ‘ liiRing nc^hine *;-and, are 
A constant stream of water from tho main at once drawn by winches into the lime kiers, 
0 enters at the oeatre of the trough by the carrying wdth them the lime they have absorbed, 
tap X, the dirty water flowing out at both ends ; { The cloth is plaited in Regular folds e id well 
c, c are wooden guide pegs to separate thegevera) | tramped down ^y boys, who enter the kien. 
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After adding the neeenary amount of wnter, 
the boOh^ and oirenlation of the lUiuor takea 
nUce aa already deacnbod in the caae of the 
tey-boU of ooiton^ygm bleaching. 

The lime'boil haa for iU object the deoom- 
poaition of the fatty, waxy, and resinoua im* 
puritioa present in the cloth. Though not 
removed, but adhering still to the fabric in the 
form of lime-soaps, thoir altcre^l condition faciib 
tates their removal by the subsequent processes. 
The starch of the size is removed, and the 
colouring matter of the fibre is mcKiifi<Hl. Lime 
is preferrM to caustic soiia because it is cheaper, 
and much more oflcciive in snfionifying neutral 
fatty* matter ihnn the caustic or carbonated 
alkalis ; indeed, with the exception of banum 
hydroxide, it st'cmM to Ije the most energetic 
safxmifying agent which could be used in cotton 
bleaching. 

it is very esscniifii to have a sufficiency of 
water in the kier, so tliut it stands at least about 
2 feet above the false bottom ; otherwise the 
cltth, either at the top or bottom of the kier, is 
very apt to l>e* Umdcrc<l, prolnihly because it 
becomes oxidis<Kl by the artiou of the steam 
upon the cloth in its limed condition. ^ On the 
other han<l, an excess of water in the kier is to 
be avoided, since then the cloth is apt to float 
and become entanglHl, or dninagcfl by rubbing 
against the sides of the kier during the boiling. 
When closes! high-pressure kiers and live steam 
are employed, tno increase in volume of Injiior 
by the condensation of the steam must be taken 
into account, and, if neocssar^,, a little liquor 
must tie allowiMl to escaj^e. 

Of the sovi'ral varieties of kier which have 
from time to time been introiluced in practice, 
mentii^ may bo made of * Harlow's hrrs,* 
'I'hese are always worked in pairs, and so 
arranged that the top of one kier is oonneotod by 
a pipe with the Ixittom of the other; the pipes 
which enter at the top and centre of ea<'h kier are 
oontiniKMl as perforated piiws or ‘distributors* 
to a little above the false liottom, and then to 
the bottom of*tho kier as a sUiy. lloth kicrs 
having been chargcnl with cloth, the necessary 
amount of water is run into one kier only ; high- 
pressure steam is then admitted at the top, and 
the liquor forced out below ontors the distributor 
of the other kier at the top and pormeatos the 
cloth. When all the liquor has l>cen thus 
transferred, the taps are reversed so that the 
steam forces the liquor in a similar manner back 
into the first kicr. This alternating process and 
oiroulation of the liquor is cootinuea for about 
seven hours. 

Pemllebury’s arrangement of kiers is pro- 
oiaely similar to that of Barlow, the only differ* 
onoe being that one kier is smaller ana serves 
only to hold the liquor each time it is forced 
through the cloth conte*ned in the larger kier. 
The arrangement li cheaper, more economical 
aa regards space requircci, and is suitable for 
small requirements. 

In the vocMiim Her of Mason and others, 
the oiroulation of Uie liquors is effected by means 
of a jkimp. After fiU'ug the kier willi cloth, 
the air is pnmp6\l out and the boding liquor is 
then admitted ; in this manner a more perfect 
puietra^ton of the m terial by the liquor is 
obtained. 

The if^^celor JHsr of Mather and Flatl is 


shown in Fig. 5. a is tha kier filled with doth ; 
B, B are the steam pipes; c is the injector; and 
D the circulating pipe ; r is the liquor pipe 
which water or other liquor is admitted ; B, B is 
the draW'Ofl valve and w'aste pipe. When the 
kicr has b<‘cn suitably filled with cloth and liquor, 
steam is turned on, and, by the action of the 
injector c, the liquid is withdrawn from the kier 
below, forced up the pipe o, and spread over 
the cloth at o. Temporarily collecting at B, 
the* liquor js gradually drawn through the cloth, 
and in this manner a continual circulation of 
liquor is maintaineil. 

3. Ijtme-sour (grey-sour). After the lime- 
lioil the pieces are washed, then passed through 
a washing mnchiiic fed with dilute hydrochloric 
acid, and, if convenient, at once washerl. 

The object of the lime-sour is to decompose 
the insoluble lime-soaps fixed on the cloth during 
the lime-boil, and to dissolve and remove the 
lime, also any iron or other nielalltc oxides 
present. ExperiinenU by A. Scheurcr show also 
that the u^e of the li mo-sour makes it less 
essential that complete sa^xmi Heat ion of the 
fatty matter should take place during the lime- 
bod than u'ouJd bo the case if it w'oro omitted. 
This 18 so bocauset the free fatty acid liberated 
during the lime-sour greatly facilitates the 
saponification of any undecom posed neutral fat 
during the 8Ucoee<lmg ley- boil, since the soap 
which the fatty acid then forms ornul.tifios the 
ncutriil fat and exposes it to the action of 
the alkali employed. Hence the adoption of 
the lime-sour is equivalent to shortening the 
time of the lime- boil. A continual flow of fresh 
dilute acid into the machine must lie maintained, 
and, since it is rapidly neutral isc*il by the lime, it 
IS well to ensure a constant slight acidity of the 
liquor by occasionally making acidinietrioal tests. 
Hydroefdone acid is preferred to sulphuric acid, 
i>tx;ause it gives the more sohiblo calcium 
chloride. The sourc'd cloth shr>iild never be 
|icrmtttod to remain long exposed to air, 
especially air currents, otherwise the acid is apt 
to concentrate in the exposed portions and thus 
tender the fibre. 

4. Ley-hoil. This operation takes place in 
the same kind of kiers as are used for the lime* 
bod. 'jrhe fatty acids resulting from the decom- 
position of the lime.soaps during the grey -sour, 
also the brown colouring matters, are removed 
during this operation. Its special feature is 
the use of resin-soap, which ^aUy facilitates 
the removal of fatty matter by exercising a 
purely mechanical emulsive action, the aliali 
present being then able more readily to saponify 
the emulsified fats, partioolarly those neutral 
fats which perchance have escap^ the action of 
the iime-DoU. Ordinary soft-soap acts in a 
similar manner, hut rosin-soap is cheaper and 
better. A. Soheurer finds by experiment that, 
after caustic lime, the most rapid sapouifioatkm 
of a neutral fat spotted on a piece of oalkso is 
effected whan boiling under pressure at 120^ C., 
by a solutiou containing lu grams anhydrous 
eaustjo soda and 2| grams re^ per litre. In- 
creasing the amount of resin does not hasten 
taponim»tion, though this is done by increasing 
the velocity ii the oirQula^km of the solution. 
Indeed, wiM ci'irwiolibfi even a more rapid sa- 
ponification ia effected with caustic soda and 
rsain Wan with lime. 
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m preUii^ry «hort^^ witb aod» oofppw ovUndera, and folded, 

by mtwly yoaking The Ume usually ruquWl to comploto the 
tbe ok^ in a a-eak solution of soda sawt- | madder bleach is four to five days ^ 

ening ). prevents tendering of the cloth by j The nurket bleieb. Iia niirket hleaehitw 
ncutralwi^ any tt^ of acid left in hy reason | the object is wmplv to a brilliant white 
of uisufficient washing after souru^. The bod- appearance to the calico or other similar mateiisl. 
tng with 8«U.ash after the resm-bod is for the to tit them for immediate sale in the market 
purpose of completing the removal of fatty j as finished white goods. ' 

matters and any undissolved reein. which other* ‘ 

wise give rise to brown stains. Immediate re- 
moval of the cloth from the kicr and awshing 
is necessary to prevent the production of iron 
staina 

6. CAemicihng. 'Hie application of 


^ - It is not necessary to 

have the calico ‘ well iHittomed ’ — i.r. cleansed 
from all colourat tract mg impurities, since no 
siibse<)ucnt dyeing or printing is intendtMl. The 
oiicrations arc for the most part 
iiiciiticnl with those of the 


shown in the following outline 
of the pn>cess, intended for 
24,000 kilos cloth, employing 
open or luw-pi'ensure kiers • — 















. .f - — Ihc I madder bleaching process. The 

bleaching.powder solution takes place in wash- ; morhiicatioiw introduced — 
uig maobinea of the ordinary kind, but provided 
with stone inbtcad of wooefen troughs, because 
of their mater durability. The bleaching action 
takes place essentially during the lying*in-pde 
or exposure to air of the doth saturated with th« 
solution of bleaching powder , the carlamic acid 
of the air liberates hvpoohlurous acid, ami thin, 
in the prc'senco of the tibre, at once docom(K>HeH, 
yielding hydrochloric ncid and oxy- 
gen : in the moment of its produc- 
tion theox\gen oxidi8e.s ami aestrovs 
the traces of colouring maiter 
present m the fibre, thus giiing it 
the highest degree of white- 
ness. ^ - 

It is necessary to avnul 
the use of strong solutions 
of bleaching powder, of her- 
wise* the tibre itself is at 
tacked, ox;i cellulose being 
pr(Mlucc<l : and even if iiic 
cotton IS not temlereil there- 
by it is still apt to a<'(|uire 
brown stains (luring Hubs<>- 
quent operations employed 
by the calico. 

printer, f.rj. steam- 

ing, or to produce . 
uneven shades in ^ '' 
dyeing. 

(i HV/i/r-four This 
njieration is similar to the 
liine-sour already deseriln-d, 
except that sulphuric lu'id 
IS usually employed instead 
of hydrochloric acid, dnefly 
because of its lower co«(t 
Its object is to decomfiose 
and remove traces of 
undecomposed bleaching 
powder, lime, iron, and the 
oxidised colounng matter. 

7. The Jinal tmAhtng 
must be as thorough as 
possible in order to ensure the removal of all 
traoes of acid, which, if left in the cloth, would 
inevitably tender portions of it dunng the di^’ing 
process. After washing, the cloth is sixictally , 
squeezed by passing through a pair of heavy 
wooden rolJers, or through the modem grooved 
brass roller and disc machine of W. Birch. 

The chain of cloth then passes in a horizontal, 
loosely hanging position, between a pair of 
rapidly revolving, double-armed winenes or 
aoutchers, which effectually shake out tbe 
twist from tbs strand. Thos opened out to the 
full width, the cloth is dried V , 


1 


fg). 







1. Ltme boil. 1440 kilos lime, water 

about litrcn , boil 12 hours; 

wusli. 

2. Lttne novr, llydrochlono acid (sp gr. 
1 01} ; steep 2-4 hours ; wssh. 

Firat Uy-boil or greg-hoU. 240 kilos, 
caustic soda (soliif), about 37,000 litres 
water; boil 12 hours; vsMb. 
Chemi£king, Blodbhing^wder so1o|Uon 
(sp.gr. 1*005) ; steep 2-4 hours ; wash* 
6. Second ley^hMl or whiU-hoU. 240 kilos, 
soda sidi, aboA 37,000 litim water; 
boil labours; wmH. 


3 


4. 
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6. WhiU-90ur. Sulphiirio acid («p.gr. I'OI); 

steep 2-4 hours ; wash. 

7. Tint with blue ; squeeze diy. 

More or less elaborate finishing operations 
follow — €.g. starcmng, calendering, beetling, 
stentering, fto. Some bleachers iiitro<j)Jce a 
white-sour between operations 4 and 6, and a 
second chemicking between operations 6 and 6. 
The absence of resin-soap in the ley- boils is 
characteristic. 

Tbs Turkey-red bleach. This is merely a 
onrtailmont of the foregoing processes, and is 
speoially intended for yam or cloth to bo sub- 
sequently dyed plain alizarin -red or Turkey -red. 
In it the operation of singeing and the application 
of bleaching powder are omitt<Ml, since they 
diminish the fulness and brilliancy of the 
Turkey-rod dye ; the use of the latter is to bo 
avoided, because it gives rise to the xiroduction 
of oxycellulose. The use of rosin-soap is un- 
necessary, and the process is limitea to the 
following operations : — 

• 1. Wash. 

2. Boil in water 2 hours ; wash. 


3 . LeU'ho^ 

1st. 90 litres caustic soda (8p.]gr. 
1*36), about 3000 litres water; 
boil 10 hours ; wash. 

2nd. 70 litres caustic soda (sp. gr. 
1 *35) ; ditto, ditto. 

4 . Sour, Sulphuric acid (sp-gr. 1*01) ; steep 

2 hours. 

6. Wash well and dry. 

The above quantities of materials are in- 
, tended for 2000 kilos, cloth, with low-pressure 
!kier 

i The steamer- kler bleaching process. The 

I bleaching processes previously described have 
been in vogue with little change during the 
' last forty years ; minor modincations have 
certainly been introduced, but the chief im- 
provements have always boon in respect of the 
mechanical apidiancos employed. 

In 1883 Thompson patented a bleaching 
process in which the goods contained in an 
air-tight kier aro submitted to the action of 
bleacning-powder solution and of carbonic acid 
alternate V. 
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In 1884 W. Matlier, of tho firm of Mather vK. 
Platt, Manchester, devised an improved arrange- 
ment in which the calico could bo paBs<Ml con- 
tinuously through chambers or tanks containing 
the two necessary agents mentioned. 

The so-called Mather-Thompson process 
results from a combination of tho two processes 
here indicated. With regard to tho principles 
of the process there is nothing new, for the 
application of carbonic acid in connection with 
bleaohing-powdor solution was jiatentcd by 
P. F. Didot in 1865, while the steaming of goods 
impregnated with alkali was patented as far 
back as 1800 by J. Tunii^ull. 

The novelty consists essentially in the ma- 
ohinery employed, by which the duration of the 
bleaching prCK'oss is very much shortened, and 
other material advantagea/are gained. 

In the foV owing year Mather introduced the 
80 -cpOed titamtr-Kter,' in which the goods, 
previously impregnated with dilute caustic soda, 
were submittM to the action of low-preesur^ 
steam. ' 

The steamer-kier consists of a strong wrought- 
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I iron lioiizontal boiler, one end of which can 
, be closed by a specially constructed sliding door. 

I At the side of tho kier stamls a centrifugal 
pump connected with tho top and bottom of 
•the kier, and also with liquor tanks beneath, 
•so that either boiling water or dilute caustic 
I alkali solution can be sprinkled on and cir- 
culated thrcMigh the goods. Figs. 6 and 7 show 
the general disposition of the steamer-kier. 

Two w'aggous of cloth having been run into 
I the kier, and the door closed, steam is admitted 
1 till tho pressure reaches a maximum of 4-6 lbs. 

, During the steaming or boiling process, a 
continual sprinkling of tho cloth with dilute 
' caustic soda (sp-gr. 1*01-1*02) is maintained, 
in onler to keep tho cloth well saturated with 
. liquid, and thus prevent oxidation and oonse- 
, quent tendering oi the fibre by the action of the 
steam. The ozcellent circulation of tho liquors 
' in the steamer-kier is a noteworthy and most 
important feature, since it greatly facilitates the 
! saponification of the fatty matt^ on the cottem. 
» After steaming, tho liquor is run off, the kier 
1 is almost fitted with hot water, and this is cir- 
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imlated through the cloth by means of the centri> 
fogal pump for one hour. A similar washing u ith 
fresh hot water takes place during another hour. 

Each kier is j^vidcd with two pairs of 
waggons, so that ^^e the goods in one pair are 
being steamed, the other pair can be emptied 
and refilled with cloth ready to be steamed. In 
this manner the operation of steaming is ren- 
dered as continuous as possible and a very great 
saying of time is effects. 

The following details have been furnished by 
H. Koecldin, of the Loerrach Printworks : — 

To effect the madder bleach by the steamer- ‘ 
kier process, the continuous bleach ^ith the 
application of carbonic acid, &c., is omitted, the 
older method of chomicking and souring l^ing 
preferred, "i'hose who conHider the limo-boil os 
essential may apply it equally well by means of 
the steamer-hicr. 

The operations in this cose are as follows : — 

1. Ltme-hoil {or ateam). Hun through milk 

of lime, 60 grains per litn*, and pile in 
steamer- waggon ; Loil in steamer-kier 5 
hours at 10 lbs. pressure, circulating 
2000 litres water. Wash in kier with 
hot water. 

2. Sour. Sour as usual with ililute HCl 

(sp.gr. 1 016) ; pile 2-3 hours, and 
wash. 

3. Let/ prepare Pass through NaOH sohi-' 

tion (sp.gr 1 <)06-l 01 ), heated to 70® C , 
and pile m steamer- waggon. 

4. Ley-bod {or steam), Bcm 0 hours in 

‘steamer-kier at 10 lbs. pressure, with 
circulation of resin-soap liquor; 40. 
kilos, soda ash, 20 kilos, resin, 1000. 
litres water. Wash four times (J-l 
hour each time) with boiling water, and 
finally with cold water, in kior. 

6 Chemicking, Pass as usual through di- 
lute bleaohing-po^^der solution (^pgr. 
1*0026); wash. 

6. Sour. Paits as usual through dilute sul- 
phuric acid (spgr. 1*01); wash and 
dry. 

Perfectly satisfactory results, however, are 
obtained by oven ornttUng the linio-boil and 
proceeding as follows : — 

1. Sour. Pass as usual through dilute 11,804 

(sp.gr. 1 016) ; pile 2-3 hours ; wash 
and squeeze. 

2. Ley - prepare. Pass through following 

solution at 70® C. : 20 litres bisulphite 
of soda (sp.gr. 1*3), 20 kilos. NaOH 
(solid 72 p.c.), 1800 litres water ; pile in 
steamer- waggons. 

3. Ley-boil (or steam). Boil in steamer- 

kier fi-8 hours at 10 lbs. pressure, with 
circulation of resin-soap liquor : 20 

kilos. NaOH (solid 72 p.c.), 40 kilos, 
soda ash. 20 kilos, rosin, 2(X)0 litres 
water; wash 4 times (|-1 hour each 
time) with boiling water, and once 
with cold water in kier. 

4. Chemicking. As above. 

6. Sour, As above ; wash and dry. 

With the exception of the employment of 
the steamer-kier and the use of bisulphite of 
soda, this process is ecsentially the same as that 
employed for many years with success by Messrs. 
GuOlanme Fr^res of St. Denis. 

The preliminary souring prroess effect^ the 

VoL. I.— 


decomposition of anv inaolnble fattv acid com- 
pounds present in the grey cloth ; ' it reraovee 
calcareous or other mineral matter soluble in 
acids, and modifies any 8tar|hy matter present, 
j probably rendering it more solublo. The addi- 
tion of the small proportion of the reduoin|( agent 
I bisulphite of soda, along with tho caustic soda 
in the prei>aring process, is intended to prevent 
any oxidation and consequent tendering of the 
cotton during the steaming process. Tho use of 
rosin-soap along with tho caustic soda, combined 
with the perfect circulation of tho liquor, is 
very niatt'rial to tho success of this method of 
madder bleaching, for reasons alreaiiy stated. 

According toll. Koeehlin, this method ^ives 
a perfectly satisfactory bleach. 'I’he white is 
not permanently stained in an alizarin dye-bath, 
and does not become yellow on steaming. 
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A noteworthy invention of Dr. G. Lunge is 
tho application of acetio acid in connootion 
with bleaching jiowdcr, in place of mineral 
aciils or carbonic acid. It can bo applied im- 
mediately before or after, or oven along with, 
, tho solution of bleaching powder. It lioerates 
hypoehluroiis acid with formation of soluble 
calcium acetate. When tho hypochlorous acid 
exercises its bloaobing power, it gives up oxygen 
and produces hydrochloric acid, which imm^i- 
ately acts upon tho calcium acetate. In this 
manner the acetio acid is reproduced, and is thus 
ready to decompose fre«h portions of calcium 
hypochlorite. 

Hadfield and Sumner patented a process in 
which the cloth, after having been impregnated 
with a solution of bleaching powder, is passed 
through a box containing acetic ac' I vapour. 

A solution of sulphurods scr'jhas been "'*ed 
by some bleachers for the final souring process 
in place of sulphuric acid, oyer which it possesses 
the advantage of being au antlchlor, m oonse- 
queooe of its reducing aetion. 

The Walsh Her. In this kier, shown in Figs. 

2 B 
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8 nn<l U. win- uscfU the boiling 

liquor is circuinn-n incans of » centrifugal 
pump, and it ia heated in a special heating 
arrangement outsidt the boiling kier. 

In the Jlentz- Eamfsion and in the Taglianx- 
RigamonU kiers the boding operation is a con- 
tinuous process Ixiw prcjssuro is usually 
employed, and ib«‘ nDpicgnation of the pieces 
witii the boding in the lower part of the 

kicrs is followoil by stw-rnm ' m the upper part. 
Alter the boiling is co'npltt-d the | leecs arc 



plaited Into wooden boxes, in which they are 
allowed to lie for some hours. 

Piece goods, such as heavy twdls, Ac., 
which arc frequently damaged (creased) in or- 
dinary bleaching in the rope form, are treated 
in iho open width. Special kiors have been 
coiisli III t-'d for this purpose. Him principal one 
bciiij.'V Ik . f IK’ itson-//un< kicr ( iMg. 10) 



Tn M'Mi'^ to boiling ill till'- Uii i lin* iiolh is 
(1 uith (Mii'-t'i .soda ley, which has 
hi') II iiM'il 111 M ti.iin.i boding, in a spotflal 
' in I- bill' In this the cloth travels 
t< i.(')il iliuMi, and the soda ley is 
...u li It i-v iniMus of Steam, which is 
bli-wii against it w In 1st it tifiM’l.s over the drum, 
ritiinateh . heclolli is \\i*u ml iiglitly and evenly 
mt'' a batch. ^ 

This batch is now placed on a waggon, 
whirli IS transferred^ to iho horizontal bod;.iff 
kicr. t 

Special driving gear is pr-vidcil, by means 
of which the cloth is wound off the batch on to 


I anotihsr batching roller, passing over a heavy 
j perforated drum which rests on both batches. 

caustic soda liquor is circulated by means 
of a centrifugal pump, and is showered over the 
cloth during its passage over the perforated drum. 

In this kicr the cloth is usually boiled under 
high pressure (about 45 lbs.). 

In the preparation of sodium hypocUorUt 
solution, by electrolysing a solution of common 
salt two types of processes are employed, one in 
which the products of electrolysis, viz. sodium 
and chlorine, are not allowed to combine, and 
the other in which they are allowed to combine 
to form sodium hypochlorite 

2Na0H-fCla«Na001-fNaa+H,0. 

The latter process comes chiefly into con.sidera- 
tion as regards tlio bleaching of textile materials. 

The apparatus used may be divided into two 
classes, the one in which electrodes made of 
]il<itinum - iridium are used, and the other in 
which carbon electrodes (highly compressed 
"rapliito) aro employed. 

In the Kellner electrolyser, which belongs to 
the former kind, a centrifugal pump is employed 
by means of which the salt solution is repeatedly 
passed through the apparatus until it contains 
from 3 to 5 grams of active chlorine per litre. 

In the Haas and Oettel electrolyser, which 
belongs to the latter kind, the salt solution is 
electrolysed until it contains from 10 to 15 
grama of active chlorine per litre. 

; Pow'orful circulation of the salt solution is 
•obtained by means of the hydrogen gas evolved 
during electrolysing. 

I Bleaclung by means of electrolytically pro- 
I part'd hyi>oriilorilo solution, although employed 
iw'ith advantage in spi'^eial cases, such os the 
bleaching of cops, is not commonly practised, 
beoauso it is more ex^xuiBive in its application 
than bleaching powder. 

The Btatomont that an electrolytically pre- 
pared bleaching solution is more effective than 
a solution of bloaohing powder containing the 
same amount of active chlorine, cannot be 
confirmed in practice. 

Permanganate of potash, sodium peroxide, 
and hydrogen peroxide give excellent results in 
bleaching. Their price, as compared with 
bleaching powder, is, however, in most instances, 
prnliibitive. * 

1'ho history of cotton bleaching may bo 
l-rK'tiv said to comprise the following notew'orthy 
iini»iovements : — 

1. The use of chlorine gas by Bcrthollet m 
1787, and of hypochlorite of lime in 1799 by 
Tennant. 

2. The boiling with carbonate of soda instead 
of oaiistio soda, after the lime- boil, introduced 
from America about 1837. A more effectual 
decomposition of the lime-soaps was thus 
obtained. 

8. The adoption of the lime-sour, as proposed 
by A. Scheurer-Rott m 1837. 

4 . The use of resin-soap in the ley-boils 
about the same ncriod. 

5. The introduction of high-pressure boiling 
j kiors about 1844. 

; fi. The use of caustic alkali and rosin-soap 
in conjunction with the steanior-kior, to the 
exclusion of the lime-boil, in 1883-84. 

Linen bleaching. Since the rctced flax fibre 
I contains a muc'i larger proportion of natural 
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impniitiM than cotton, c.p. 25-30 p.o. of pectic 
ftcid, beside fatty matter, &o., linen ia not so 
readily bleached as cotton. In the main, how* 
ever, the methods adopted for the two fibres are 
the same. Linen is bleached in the form of yam, 
thread, or cloth. 

Unen-yarn bleaching. Very frequently linen 
yam is only partially bleached, the process being 
comideted, if necessary, when the yam has been 
woven into cloth. 

The following operations are employed in 
order to obtain ‘^If-white * or cream, with 1600 
kilos, yam, using low-pressure kiers : 

1. Ley-ho\h Boil 3-4 hours in a solution of 

160 kilos, soda ash ; wash and squeeze. 

2. Chemick (reel). Reel 1 hour in bleaching- 

powder solution, sp.gr. 1-0C26 ; wash. 

3. Sour. Steep 1 hour in dilute sulphuiis 

acid, sp.gr. 1*006; wash. 

4. Ley-hoil {scald). Boil 1 hour in a solution 

of 30-76 kilos, soda ash ; wash. 

6. Chemick. Reel in a dilute solution of 

bleaching powder, sp.gr. 1*0026 ; wash. 

0. Sour. Steep 1 hour in dilute sulphuric 

acid, sp.gr. 1*006 ; wash well and dry. 

If the yam should be bleached more com- 
pletely, then operations 4, 6, and 6 are repeated 
two or three times, as may be found necessary, 
with this difierenoo, that between 4 and 6 the 
yam is * grassed,' i.c. exposed in the field to the 
action of the air, light, and moisture, for several 
days. By introducing this very gentle method 
of bleaching, the full strength of the fibre is 
better maintained. 

The various operations are conducted in 
apparatus precisely similar to that employed in 
the bleaching of cotton yam, except in mo opera- 
tion of chemicking. Although steeping under the 
sieve in dilute bloachiiig-powder solution might 
well be employed, it is usual to suspend the 
hanks of linen yam on reels in such a manner that 
they are only partially immersed in the solution 
contained in a sliallow tank. As the reels revolve 
the yarn becomes thus alternately impregnated 
with the solution and exposed to the air. The 
liberation of hypochlorous acid by the carbonic 
acid of the air. is advantageous, and the bloaoh 
is more efifectivo and regular. 

The application of acetic acid, as proposed 
by Lunge, instead of this exposure to air, may 
here be strongly recommended, since then no in- 
soluble lime salt is fixed on the fibre, and the sub- 
sequent souring is reduced to a minimum. 

To avoid the presence of caustic lime, some 
bleachers use hypochlorite of magnesia, as pro- 
posed by Hodge, instead of bleaomng powder. 

Unen-oloth bleaching. The old method of 
bleaching linen cloth consisted in alternately 
boiling tne fabric with solutions of sodium car- 
bonate and exposing on the grass, succeeded by 
souring, and rubbing with solutions of soap. 
The modem method, adapted from that em- 
ployed for calico, is given in the following 
fisunU. It is intended for 1600 kilos, brown 
linen, using low-pressure kiers. — 

1. Lime-hoH. Boil 14 hours with 125 kUos. 

lime, 2000 litres water ; wash. 

2. Sour. Steep 2-6 hours in dilute hydro- 

chloric aoidT 8p.gr. 1*0025; wash in 
stocks, iwn^hank, wash. 

Si Ley-hoils. First, boil ^10 hoursi with 
2000 litres water contriming resin-soap ; 


30 kilos. oausUo soda (solid), 3Q 
kilos, resin, previously boil<^ together 
with water; secondly, boil fi-7 hours 
with 2000 litres walbr, 15 kUos. caustic 
soda (solid), previously ^ssolved ; 
wash. 

4. Expose iH field 2-7 daj^ acoonling to the 
weather. 

5. Chemick. Stoop 4-6 hours in dilute 
bloaching-powder solution, 8p.gr. 
1*0025; wash. 

6. Sour. Stoop 2-3 hours in dilute sulphuric 
acid, sp.gr. 1*006; wash. 

7. Ley-hotl (^ald). Boil 4-45 hours ^ with 
2000 litres water, 8-13 kilos, caustic 
soda (solid) ; wash. 

8. Expose in field 2-i daya. 

9. Chemick. Steep 3-6 hours in dilute 
bleaohing-powdor solution, 8p.gr. 
1*0013 : wash. 

At this stage the cloth is examined; those 
pieces which are sufficiently bleached are soured 
and washed, the rest are fuAher treated as 
follows : — 

10. Euh with rubbing boards and a solution 

of soft Boai>. 

11. Expose in field 2-4 days. 

12. Chemick. Stoop 2-4 hours in dilute 

bleaohing-powdor solution, Bp.gr. 

1 *0006 ; wash. 

13. Sour. Stoop 2-3 hours in dilute sul- 

phuric aoiil, 8p.gr. ) *006. 

14. Wash, squoozo, and dry. 

If the Imon is not brown, but made of yam 
already partly bleached, the above process is 
much curtailed, and weaker Uauors are emidoyed. 

The kiers, ohomicking ana souring mi^hines 
are the same os those used in ootton-cloth bleach- 
ing. The washing is done in the so-callnd wash- 
stocks or by slack-washing machines. The latter 
arc very similar to tho cotton- washing machines, 
the chief differonoo being that tho water tank is 
divided into compartments, each of which holds 
a few yards of slack cloth foriniftg each strand, 
before it passes through tho squeezing rollers. 

The rubbing ' referred to is for tlie purpose 
of removing mocliariically any remaining brown 
particles of ligneous matter termed 'spnts.' It 
consists in passing the chain of cloth through a 
solution of soap, and then imme<liatoly between 
a pair of horizontal, corrugated, heavy boards ; 
the upper board rests loosely upon tho lower 
one, and moves lengthwise to anil fro, while the 
pieces pass between thorn at right angles. 

The operation of * tum-hanking "consists in 
disentangling tho pieces after they have been 
washed m the stocKs, and then refolding them 
for a further wash, thus ensuring a thorough 
cleansing of every ^rtion of the cloth. When 
slack-washing machine are employed, tho 
operation is of course noT necessary. 

The ohomistry of linen bleaohing is essenti- 
ally the same as that of bleaohtng cotton. The 
peotio acid, fatty matters, Ao,, are rendered 
soluble by the alkaline boilings, and the colour- 
ing matters still remaining are Stridised and 
destroyed by hypochlofftes. VThe repeSMon 
of these operations is considered necessary by 
rAsoa of the lai]ge parentage of impurities 
present; but it is ver^ probable thaf good 
results would be Obtained adopting the moss 
rational plan of first remnvinff the wnole of the 
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peotio and fatty matters before applying the | itearic acids (potash soaps), Ao. ; the other 
hypochlorites. portion, termed ' wool-fat,* is insoluble in water, 

A process of boiling linen goods preparatory and is compos^ of cholesterol and iso-choleste- 
to the bleaching haAb^n patented by Cross and | rol, which exists partly in the free state, but 
Parkes. The pieces arc tirnt impregnated with , chiefly in combination with oleic acid and other 
a solution of soap, silicate of soda, caustic soda, fatty acids. 

and mineral oil. They are then wound on a Loose-wool scouring. The object of scouring 
batching roller in a chamber containing steam, wool is to remove from it the yolk, Ac., and thus 
and afterwards Btotfnio<l for some hours. This render it more suitable for spinning, dyeing, or 
is followed by boiling with a solution of silicate bleaching. Two methods of effecting it may be 
of soda or of soda ash. The goo<la are finaUy employed, llie one generally adopt^ is to treat 
washed ; they are now ready for the first * dip.* the wool with dilute alkaline solutions capable 
Wool scouring and bleaching. The bleaching of forming emulsions with the yolk ; the other 
of wqpl never forms a separate industry, as in the mode is to submit the wool to the successive 
case of cotton and linen, and, although m itself j action of fat solvents, carbon disulphide, Ao., 
of minor importance, it is neccdsanly preceded i and of water. 

by the operation of * scouring,’ which is of I Scouring with alkaline solutions. When 

fundamental importance both to the woollen carried out in the most complete manner, this 
manufacturer and the dver. '• method comprises the following operations : — 

In its natural condition the wool fibre is L ^Uep several hours in tepid water, 

contaminated with 16-80 p c. of foreign matter, 2. Scour 16-30 minutes with dilute alkaline 

cemsisting partly of dirt, Ac., derived from ‘ solutions (soap, sodium carbonate, Ac.) 

without, but mLinly of certain fatly matters ' at about 50° C. 

designated as ^ yolk,’ sccrotcd by the animal ' 3. IVa-fh with water. 

from which it is derived. 'J’his secretion is ' ’I’ho is Performed in a series of large 

separable into two parts — the one, * wool-pcrspi- , iion tanks, in whicli the wool is systematically 
ration,* is soluble in watef\ and consists essenti- ! washed or rather steeped in water heated to 
ally of the potassium comjiounda of oleic and | 46° C., until it is deprived of soluble matter. As 
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a rule, two or three steeps with fresh water are j or sieve s When the frame is sufficiently 
found sufheien^ but it is eustomary to pass the lowered, it moves forward, the rakes gently cany- 
wash- water through several lots of wool until it ' mg the wool towards the other end of the trougli. 
becomes well saturated with ’ wool-perspiration.’ When the forward stroke is completed, the frame 
It 18 partiouJarlv advantageous in the case of is lifted up, the rakes rise vertically out of the 
wools rich in yolk {e.g. Buenos Ayres wool, Ac.), liquid, and the frame returns to its original 
since it prevents too rapid soiling of the scouring position. By those successive movements the 
bath and consequent staining of tho wool, and wool is slowly passed through the sSouring liquor, 
wus it tends to ensure more complete scouring. | At the delivery end it is carried up the inclined 
By evajioratinff the waste steeping liquors to plane f by the rakes fixed on the small frame o, 
dryness, and oaloining the residue, a good quality which is hinged to the larger one. Having been 
of potassium carbonate, containing very little pushed over the ridge, the wool slips down 
sodium salte and suitable for glass manufao- between the squeezing rollers h, h, ready to be 
^ ^ passed through a second similar machine, 

ino scounng and washing of the wool In The working of the machine as above de- 
order to romovo the remaining * ivool-fat * is best scribed, is suitable for Botany and other fine 
performed by the aid of so-oalled wool-scouring classes of wool. W'hen was^g low Cape, River 
niaohinos, of which (J. AW. MoNaught’^ Plate, and similar wools, which contain much 
IS snowu in .^g. 11. sand, an additional movement is given 

® rectangular trough, a, to tho rakes whde in the liquor. This is effected 


and carrying a scries of transverse, fixed, vertical 
rakes or combs, a 

The woo^ either in its raw condition or after 
Bteta[ng, is spread evc^d^ on the moving endless 
apron or fewer D ; it is thus continuously 
introduced at one en^of the trough. « 

B^uitable meohiSiism the frame is lowered, 
agd the wool is at once presses beneath the sui*' 
face of the scouring liquor by the perforated tray 


which receives a slight backward-and-forward 
movement by means of the rod o and the cam x 
during the inward movement of the main frame 
BB, to which it is attached. By this means the 
wool is slightly opened out and agitated, and the 
sand and oirt fall through the prorated grating 
Ua When the scouring liquor becomes toe 
soilec^ for further use, the steam injectors xx 
are brought infl) action in order to stir up all 
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aediment, and the dirty liquor is run off by the 
plughole R. 

For a complete arrangement there should be 
at least three such macmnes placed in line, so 
that the wool passes automaticaUy from one 
to the other. Tbe first contains more or loss 


soiled scouring liquid which has been previously 
used in the second trough ; the second contains 
fresh scouring liquid ; and the third a continual 
flow of clean, cold, or preferably tepid water. 

The choice of scouring agents depends u^n 
the character and quality of the wool. For 
fine lustrous woob and such as are poor in 
yolk, a mild scouring agent should be selected, t,g. 
soap, ammonia, ammonium carbonate, Mant,' 
Ac., that is to say, agents which are capable of 
removing the yoik with the least injury to the 
fibre. I'ho best soaps to use are those which 
are most soluble and least likely to contain any 
trace of caustic or carbonated potash or soda, 
Should these injurious constituents be prenent, 
the soap solution may be de-alkaliscd by the 
addition of a small quantity of boracio acid cr 
ammonium chloride, thus yielding the less in- 
jurious alkali borates and ammonia, respectively. 

Potash soaps, being very apt to contain excess 
of alkali, should be critically examined. An 
excellent and very soluble soap may bo readily 
made from oleic acid and caustic soda. 

Although a perfectly neutral soap does not 
always effect a rapid and complete removal of 
yolk, still it is better to adopt it, since one can 
always add the proper quantity of other agents, 
t.q. sodium carbonate, ammonia, Ac., when 
necessarv. 

For low-class aools containing a large pro- 
portion of yolk, and when cheapness is a ciesi- 
deratum, sufliciontly satisfactory results are 
obtained by the proper use of sodium carbonate 
free from caustic soda or other injurious im- 
purity. Suitable sodium carbonates are sold 
under such commercial names as refined soda 
ash, Solvay soda, concentrated crystal soda 
(Brunner, Mond, A Co.), crystal carbonate 
(Gaskell^ Deacon, A Co.), Ac. 

It is impossible to give precise data with 
respect to the concentration and temperature of 
the scouring solution to bo employed, since 
these vary somewhat acconling to the character 
of the wooLoperated upon. If the best results^ 
are to be obtained, the solutions must always be* 
applied as dilute and at as low a temperature 
(not above SO° C.) as is consistent with the com - > 
plete removal of the yolk. 

The waste scouring liquors are collected in 
large tanks and neutralised with sulphuric acid ; 
the liberated fatty acids are sold io oil refiners, 
who by distillation obtain purer products, 
suitable for making soap. 

Seonring with volatile liquids. This method 
is still only in an experimental stage. Mechani- 
cal difficulties, the fear of fire and ezplosionsi the 
first cost of the scouring agent, Ac., seem to have 
prevented the general adoption of this process. 
Its advantages are that the wool-fat is more 
completely removed than by the emulsion 
method, and the wool itself is not injured. A 
certain degree of success has been obtained by 
the meth^ proposed by T. J. Mullings, and 
tried on a large scale. It consists in submitting ■ 
the wool to the action of carbon disulphide 
In a closeff centrifugal mach^ until whole 


of the wool-fat is dissolved, then expelling the 
solvent by moans of water, and not as heretofore 

heat or steam, which always leaves the wool 
with a yellow colour. The wool must afterwards 
be washed in warm wat^ to remove wool- 
perspiration and other impurities. The wool 
cleansed in this manner is said to bo stronger, 
capable of spinning finer yarn and with Toss 
waste and at less cost than if scoured by the 
ortlinary met hod with soap. 

The same principle is adopted in the process 
of Singer A Judell of Adelaide, who employ, 
however, a more elaborate and more perfect 
apparatus, whereby the scouring is made con- 
tinuous. The raw vvool i.s placiHl on a feeding 
apron and carried along between two abroad 
I endless bands of n ire gauze, first through a 
I Bucccssiou of fourteen tanks containing carbon 
disulphide and then through five containing 
water, all suitably onoloseil. The wool, still hold 
between the wire gauze bands, then tiaascs 
between hot rollers in a sloam-hoated arying 
chamber and emerges in a scoured, washed, and 
dried condition. Arrangemo^s for automati- 
cally oollocting the dirt which settles from the 
carbon disnlphido, for separating the latter from 
the water, distilling a.nd returning it to the 
scouring tanks with, the least possible loss, are 
all provided for by ingenious devices, and the 
general arrangement seems eminently typical of 
the method of scouring wool to bo adopted in the 
future. It is said to have been worked with 
success in Australia. 

Woollen-yarp scouring. 'I'lio object of scour- 
ing woollen yarn is to remove ilie oil with which 
wool has been impn^gnatod by the spinner. 
[Precisely the tamo agents are usoil as for loose 
wool, but the machinery employed is necessarily 
different. ^ 

Those yams which have a tendency to curl 
up because they have been highly twisted are 
submitted to the preliiiiinary operation of 
* stretching ' ; it also prevents them from shrink- 
ing during the subsequent scouring process. 

The hanks of yarn are si^pended on the 
arms of a strong iron frame and tightly stretched 
by means of screws. Thus chargoil, the frame is 
immerseil in boiling water for a few minutes. 
After changing the position of the hanks on the 
arms, the oi)eratioii is refloated, the yam is 
allowed to cool in the stretched condition, and 
is then removed ready for scouring. 

The scouring of yom is effected cither by 
band or by machine. In the first case the 
hanks of yam are suspended on wooden ro<is 
placed across a rectangular stoam-hoatqil tank 
containing the scouring liquor. During a period 
of 10 to 20 minutes the rods are swayed to and 



fro by hand, one bygone, each hiMsk being 
frequently turaed in order to expose every 
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ikm to iho aotion of the liquor. Tho yarn ia 
waaliad in another tank in the same manner. 

Tarn-scouring machines are to be mot witK 
in lereral forma. A very offooiive one consists 
of a rectangular tank, o, having several rollers 
above and mIow» ana a pair of squoering rollers, 
A, B, situated at one end* The hanks of yam, 
link^ together bv means of string loops, are 
passed continuously through the scouring liquor, 
and are then washed in a similar maoiiine 
(see Fig. 12). 

WooUan-cloth scouring. Woollen cloth is 
also scoured for the pur^xise of removing the oil 
with which the yarn is impregnated by the 
spinner. The operation consists in passing the 
oioth as an endless band, either in the strand form 
or in the open width, through the scouring liquor 
and then tWough a pair of squeezing rollers. 

For thick woollen cloths, flannels, Ac., scour- 
ing in the strand is preferred, since a certain 
amount of felting takes place and the cloth 
aoauires a better handle. For worsted goods 
and such as are liable to crease, scouring in the 
op^n width ia prejprablo. 

Fig. 13 shows a section of E. Kempo’s 
machine for this purpose. It consists of two 
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squeesing rollers, a and b, placed above the 
wooden trough c containing the scouring liquor. 
The roller d servos to draw the cloth fiom the 
smieozing rollers, and causes it to fall in regular 
folds ujion tho inclined piano ix. This is 
covered with corrugated zinc, the grooves of 
which run longitudinally, in order to reduce the 
friction of the cloth, and to prevent the latter 
from moving to either side. The upper part of 
tho inclined plane is hinged at r, so that the 
incHna^on of this part can bo regulated to suit 
different qualities of cloth, and to ensure that it 
always slips down in regular folds w'ithout any 
tondonoy to fall over or become blocked. Tho 
perforated water-pipes o, o are for the purpose of 
washing the cloth after scouring. 

BlMChlng of WOOL Aiber scouring, the wool 
still possesses a faint yellow tint, to remove which 
is the object of tho bleaching proper. The agent 
almost universally employed is sulphur dioxide, 
either in tho form of gas (m-blcaohing) or in 
solution (liquid. bleaching). With hydrogen per- 
oxid^^a more peri^anent- white is obtained, nut 
it is still too expensive to admit of extended 
applioation, but it aervea as an excellent bleach- 
>Qg agenkfor certain fine materiaUk 

(Iti-blMMlilQf , ftovlBg, or folpuiirliig, oonaista 


in earooaiiig the aooured and washed wooQeo 
material, while still wet, to the action of aulphnr 
dioxi^ in a brick chamber. Tam or thick 
cloth is suspended on poles, the sulphur (6-^ 
p.o. on the weight of wool) contained in an iron 
pot is ignited, the chamber door is closed, and 
tho matorial is then left exposed to the aotion 
of the gas for six or eight hours, or even over- 
night. Thin cloth is gonerally passed in a con- 
tinuous manner through a similar chamber pro- 
vided with rollers above and below. The cloth 
in the open width enters through a narrow slit 
at one end of tho chamber ; it passes in a zig- 
zag course under and over the rollers to the 
fuithor end, then returns and passes out by the 
same slit. Tho sulphur dioxide is prepare in 
the stove itself, or it is produced in a s^arato 
furnace and led beneath the perforated floor of 
the chamber. According to tho appearance of 
the fabric, it is passed through the bleaching 
chamber once or several times. Fig. 14 gives a 
sectional view of the sulphur stove for the 
continuous bleaching of cloth. 

In liquid-bleaching the woollen material 
is immersed and moved about for several hours 
in a solution of sulphurous acid, or in one con- 
taining sodium bisulpliite, and acidified with 
sulphiirio acid. One may also steep tho wool, 
first in a solution of sodium bisulphite and then 
in dilute sulphuric acid, and repeat tho opera- 
tions as often as may be necessary. The liquid* 
bleaching process has not met with that general 
acceptance to which it seems entitled. 

After bleaching, the materials are well washed 
and tinted blue or bluish-violet, e.ff, with refined 
indigo, indigo-extract, aniline- blue, methyl 
violet, Ac., in order to counteract the yeUowish 
tint which is so liable to return. 

The bleaching action of sulphurous acid is 
most probably duo to its reducing properties. 
According to this view, tho sulphurous acid takes 
up oxysen from the water present, while the 
liboratea hydrogen combines with the colouring 
matter of the wool to form a colourless louco- 
compound. Another explanation, however, is 
that a colourless sulphurous acid compound is 
formed. Frequent washing of the wool with 
alkaline solutions restores tho yellow colour. 
It seems evident, how'over, that the yellowing 
influence of alkalis is largely due to their further 
'action upon the wool substance itself since they 
cause the w'ool eventually to become yellower 
than it was before bleaching. 

Bleaching with hydrogen peroxide is effected 
by steeping tho wool for several hours in more or 
less dilute solutions of this liquid, made slightly 
alkaline by the addition of ammonia. The 
simultaneous aotion of light accelerates and 
improves the bleaching. The white is vei^ good 
and permanent, probably because, in this case, 
the colouring matter is destroyed by oxidation. 
Excessive bloaohing by this methc^ gives the 
wool a harsh feel. Lunge recommends a slight 
treatment with hydro^n peroxide of sulphur- 
bleached wool in order to oxidise and thus' 
render innocuous traces of sulphurous acid not 
removed by washing. A very dilute solution of 
sodium hypochlorite and exposure to air will 
effect tho same purpose. 

Bleaching of wool with hydrosulphito of soda 
has been suggested by F. V. Kallab. It is 
prepare^ by adding sino powder to a adotlon 
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of bimblute of aod». Tho uno is precipitated 
by adding milC of lime. 

Silk BCOiirlBg and bltMhliig. The raw silk 
fibre consists eraentially of two substances, 
fibrcfCne and sericiae. l^e former constitutes 
the central portion of the fibre, and may re* 
garded as tho fibre proper, while the latter resides 
principally in the external part and is readily 
removed by water and especially alkaline 
solutions. 

Raw silk is harsh, stiff, lustreless, and more 
or less unsuitable for dyeing, but when the ex* 
temal sericine or silk-glue is removed it becomes 
soft and lustrous, and acquires an increased 
affinity for colourmg matters. 

The object then of scouring is to remove the 
silk-gluo from the raw silk. It is effected by the 
two oi^rations, ‘ utripping * and ‘ botling o^ * 

Stripping or ungumming. In ortler to re- 
move calca^iufl or other mineral matter soluble 
in diliite acids, it is well first to rinse the in 
a tepid bath of dilute hydroohlorio acid, and 
then wash. The hanks of silk are then hung on 
smooth wooden rods and worked, as in woollon- 
yam scouring, in a soap-bath heated to about 
i)0°-95® C. for about 20 minutes. A sc'cond and 
oven a third bath may be used with advan- 
tage. Long working in one bath is not good, 
os^ially for silk intended to bo white, since tho 
(fibre iiio) is apt to attract some of tho colour- 
ing matter at first removed along with tho silk- 
glue, and it is afterwards very diflicult to remove. 

With yellow silk this point must be carefully 
attended to. 

During the stripping oi>eration tho sericine 
at first swells up and makes tho silk somewhat 
glutinous, but soon it dissolves off and leaves tho 
fibre soft and lustrous. The waste soapy liquors, 
strongly impregnated with sericine, aro care- 
fully preserved and find an important use in .sillc- 
iyeing under tho name of ‘ boilcd off liquor.* 1 
Whoii applying the coal-tar colours, it serves 
to retard their attraction by tho silk, and 
thus ensures the production of oven or level 
colours. 

After stripping tho silk is rinsed in water 
jontaining a siiiall proportion of soap and 
KKliurn carbonate. 

Boxling-ojf . Tho object of this operation 
s to complete 
«ho roniQval of 
.he silk-glue and 
.huR give tho silk 
ill the lustre aiul 
jrilliancy of 
ivhich it is cap- 
ible. The liatiks 
)f silk aro tic<l 
ip in coarso bags 

It cotton or \y 

S’ 

ind these aro 
Killed for one to 
hree hours in 
>pen copper 

wilm ^0 lilk is well rinsed in a week BLENDE, from BUndtn, (hr., to dszzls. 
epia solution of carbonate of soda, and finally Native zino sulphide. •It usually contaisM iron 

^ *^.J^****‘i. a* L j .s j *1*^?*“*^ which gives it a black colour, whence 

ininng the ofierations above described, kho name Black Jack applied to it. An im- 

p. 0 . in portant ore of zino. ifte sulphur it dhntoina ie 
ve^t, Efiropean silks lose p.o. ^ oooaoionally uffljsed in the manufacture sul* 


Bleaehlng of tllk. The actual bleaching of 
silk is effected by exposing the scouted silk, vmilo 
still in the wet state, to the action of sulphur 
dioxide ga& The operation is precisely aii^ar 
to tho stoving of wool. | 

In certain oases, e.g, with so-oallod * souplo 
silk, the stoving is prt>ceded by a preliminary 
bleaching in aqua regia, diluted to 8p.gr. 1*02 
and hcatc^ to C. Tho silk is rinsed in 

thhi solution for 8-1 fi minutes until it acquire^ 
a mcnish-groy colour, and then at once washed 
wdl in cokl water. A dilute solution of tho 
so-callcd * ehambor-iTvstals * of tho sulphurio 
acid manufacture may replace tho ogua rtgia. 

Tho bleaching of silk with hydrogen peroxide 
is gradually being niort^ aii<l more a(ff>pt(Hl, 
e8{)ecially for Tusmif Hilk and other wild silks. 
Indeed j for these silks no other method of 
bleaching is so satiMfaotory. Tho silk is stoopwl 
and worked in a dilute solution of hydrogen per- 
oxide, rendered slightly alkaline with ammonia 
or with silicate of soda or borax, until it is 
sufficiontly bleached. A more rapid ipul 
effective method is to steep the silk m a some- 
what stronger solution, tlum wring out tho 
excess of liquid, ami steam, 'liio operat ions may 
bo repeated until tho silk is sufficiently bloachofi. 

Tinting of silk. Uloachod Rilk is finally tinted 
or dyed in delicate rIukIos of blue, purplish-Muo, 
cream colour, &o. For pure white it is URual to 
dye tho silk in a very dilute solution of a suitable 
coaLtar colour. After tinting, the silk is sliglitiy 
rinsed in water and dried in* a inudiTately warm 
and darkened stove. J. HiL 

BLEACHING POWDER e. (!fii.<»rtiNK. 

BLENAL. Carbonic neid (‘ster of Riititalol 




rhiTou^l^ ^ ^"“^’* •“»ly»i» {»8W) to contain more 

pufl^f t>. J. Soo. C!heffl. Ind. 3, 031 ; 4, coJumbium with low titaniom, he propoaed the 

Vt Pit ?*“e priorite. These isomoiphoos minerals. 

a. DIRECT or DIPHENYLAMINE BLUE blomHtrandine and priorite, are respoctivelv 

"sr btnrii' 3£±.si 

diswlved m potassium cariM.nntc with bromine The name blomstrandine is not to be con- 

filled with the earlier name UomMraniite 
wter with a nsl-violct colour, xiving a floor- (o£ G. Lmdstrom, 1874), which was appUed to 
CT^t green TOlution. Dyes silk and wool blue an uncrystalliscd hydrated Utano-cStambato 

BJthk™Tltsh?‘’nr; i"r!8t& r,;" ‘‘"‘^‘^“‘“““^“‘-•‘“““-‘•‘•omec.lciumand 

Kef. 7«). 

B(|EU DE GARANCE. Artificial ultra- 


marine (v. Ultuamauine; Piomknth). 

BLEU LUMIERE V. Tkiphenylmetiiank 

COLOrKJNU MATTEltH. 

BLEU DE LYON, BLEU DE NUIT, BLEU 
DE PARIS V. TlUniENYLMETHANK COLurRiNO 
MA'rTKllil. 

BLEU MARIN v. Trh‘iienylmethane 

COY.O(71tlN(i MATTERS. 

BLEU DE SAXE f. Coralt. 

BLEU SOLUBLE v. Tuiimienvlmethane 
COLO mUNU mattehh. 

BLIND-COAL. A Scotch term for unthra- 
die. 

BLISTER STEEL r. Tkon. 

BLOCK FUEL i\ Ki'icl ; also Pitch. 

BLOCK TIN V. Ti.n. 

BLOEDITE. A hydrated double Hulphate 
of niagnvBiuin and Hodiinn, Naa>lg(S 04 ),* 4 UgO, 
forming water-clear inonoclinic crystals, often of 
largo tuze and beautifully developed. They are 
found m the salt iiiineH of StaH.sfurt and in 
AuHtria. and in the Punjab Salt Range, India. 
CrystalIPKU eiii. in length have been found in 
the blaek mud beneath u crust of Hodiuui sul- 
phate oil Soda Lake, San Luis Obispo Co., 
California. Simony ito and aHtrakanitc (from 
salt lakes near Astrakan) are s^ nonyms. 

L. J. S. 

BLOMSTRAMOINE. A raro-earth mineral 
consisting of a titano-eolumhate of yttrium - 
metals, thoriiiiii, uranium, &e., occurring as 
orthorhombic crystal.^ in pegmatite veins at 
several localities in southern Norway. The 
large crystals of tabular habit are found in the 
felspar quarries, and those from the island of 
llitteix) are well known in collections. They 
are brown on the surface, but on a fresh con- 
ehuidul fracture the colour is black with a bright 
pitchy lustre. The mineral is optically iso- 
tropic, » owing to alteration by hydration. 
Sp.gr. 4*82- 4 1)3. Theiso erj'stals were pro- 
visionally referred by W. C. Rnigger in 1879 to 
wsohymto an allied species differing 

mainly in euiitairung cerium-metals in place 
of yttrium-metals. More recently, Brogger 
(Dio Mmeralion dor sudborwegischen Granit- 
Pegmatiigange, Videnskabs-SSel&abcts Skrifter, 
Kristiania, UKUi) has given a detailed descrip- 
tion of this material, and ho gives several other 
Norwegian localities for the mineral, namely, 
near Arendal «iid in Sietarsdal. Ho iiiterprota 
tho B^plox coii^)ositi6n as an isomorpnous 
mixture' in varying proportions of a meta- 
columbato with a nmtatitanate ; and foH 
another Cnember of the same series from the 
tin gravels of Swaziland, TransVMil, shown by 


iron, from a felspar quarry at Nohl, in Sweden 

(f. Betaiite). L.J. S, 

BLOOD is a richly albuminous fluid which 
holds in suspension large numbers of corpuscles. 
Tho fluid medium in which the corpuscles float 
is called tho plasma, or liguor sangitinia. In 
round figures, tho plasma contains alniiit 10 p.c. 
of BolidS, of which proteins compruso 8, oxtrao- 
tivos 1, and inorganic salts (tho princi|>al one 
being sodium chloride) tho remaining J. Tho 
proteins aro all coagulablo by heat, and aro 
named scrum albumin, sorum globulin, and 
fibrinogen. The last-namod is tho least abun- 
dant (0*4 p.c.), but confers upon tho blood its 
[cliaractiTi'^tic jKjwer to clot or coagulate when 
it w shed. When shed, tho blood rapidly 
! becomes viscous, and then sets into a jelly ; the 
'Jelly contracts and squeezes out of tho clot a 
straw-coloure<l fluid called serum, m which the 
Ishrunken clot then floats. Tho formation of 
threads of a solid protoin called fibrin from 
flbrmogon is tho ostsontial act in coagulation ; 
thi.s With tho corpuscles it entangles constitutes 
tho did, and sorum is plasma minus the fibrin 
which it yields. 'I’lio following schonio shows 
tho relationships of the constituents of tho 
blood at a glanco : — 

'corpuscles 

In round figures, tho blood contains 60-65 p c. 
of plasma, and 35-40 p.c. of corpuscles. The 
corpuscles aro of three kinds, tho red corpuscles 
or erythrocytes, tho white or colourless cor- 
puscles or leucocytes, and some very small 
particles also colourless, which aro caUed tho 
blood-platelets. 

Tho Bubji'ct of blood clotting has been the 
battlofield of numeroii.s opposing theories, but 
tho view now generally held is that tho conversion 
of fibrinogen into fibrin is due to the action of 
an enzyme called thrombin or fibrin -ferment. 
This agent takes origin from the platelets and 
w hite corpuscles ; it is first shed out from them 
in an inactive form called thrombogen ; throm- 
bogen is converted into tho active enzyme 
thrombin by the combined action of the calcium 
salts of tho plasma and of an activating agent 
termeil thrombokinoso, which originates from 
the cells of the blood itself and of the other 
tissues of the body. 

The transformation of fibrinogen into fibrin 
has been regarded as a chemical change. But 
the recent work of Hckma (Biochem. Zeitsch. 
1910, Ixxiii. and Ixxiv.) and of Howell (Amer. J. 
Physiol. 1919, 40) shows that the change is 
probably a physical one. Fibrinogen is the sol, 
and fibrin ue gelphaae of the proteui. Fibrin 
Is first #epoBitM ^ ultramicroscopic paiticlei 
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(microni), then fine needle-like oryetaU appear; nutriment and oxvgen. The products of pro* 
these bv agglutinating father ultimately lead tein and oarbohydrato digestion pass directly 
to the formation of tymem fibrin threads. from the alimentary canal into the biood-veBsela ; 

The white or oolouness corpuscles are typical the fat reaches the blood indirectly by the 
nucleated animal cells which have been differ- j lymph-stream* The bloo^ however, does not, 
eniiated into varieties by their staining re- | except in the spleen, aotfially bathe the tissue 
actions, the number of their nuclei, and their , elements ; the middle-man between blood and 
seat of origin (lymphoid tissue, and retl bone tissues is a fiiiid called lymph, which exudes from 
manow). Their most important property is the bloo<l through the thin walls of the capillary 
their power of amoeboid movement, by which blood-vessels. The lympb thus supplies the 
they ingest and subsequently digest foreign tissues with material for their rejiair or for 
particles. They act in this way as sca\engcra storage; it aUo ro.noves from tlio ti-ssuos the 
(phagooy^), and thus confer protection agnir st waste pnxlucts of tlicir activity ; it is collected 
pathogenic organisms (bacteria, &c.). by lymphatic vessels, which converge to the 

The ted corpuscles are much more numerous main lymphatic channel caliod (ho thoracic duct, 
than the white, averaging in man 5,000, (X)0 per This opens int<> the large \eius near te their 
cubic millimetre, or 400-500 r^ to each white entrance mto the heart, and thus the lymph is 
corpuscle. It is these which give the rod colour returned to the blood, and the waste products 
to the blood. They vary in size and structure are then cf)iivoyed to the various organs (lungs, 
in different groups of the vertebrates. In kidneys, skin) by which they arc discharged 
mammsds they are biconcave (except in the from the body. 

camel tribe, where they are biconvex) non- The function of blood as an oxygon carrier 
nucleated discs, in man tAv i»ch in diameter ; is dependent on the presence of hiemoglobm. 
during fcotal life nucleate red corpuscles are, Oxygen passes by diiiusioii ^nto the blood of 
however, found. In birds, reptiles, amphibia, the lungs, and is then soizod by the pigment, 
and fishes, they are biconvex oval discs with a with which it forms a loose compound called 
nucleus ; they are largest among the amphi- oxyhnmoglobin ; this bright • rtxl arterial or 
bians. Their most important and abundant oxygenated blo^ pasHes to the heart, and is 
constituent is the pigment haemoglobin. In thence propelled by the arteries all over the 
-invertebrates this respiratory pigment is usually body; in tiio tissues, uliero the oxygen tension 
absent, and when present is, with few exceptions, ig very low, oxyhscmoglobin is disi^uiatctl, and 
in solution in the jdasma and not in special the oxygon passes into the plasm^, and again 
corpuscles. In other invertebrates its place is reaches the actual tissue elemouts vtd the lymph, 
taken by other respiratory pigments, for The reduction of oxyhajiuoglobin ohangos the 
instance, by the green piguiont which contains colour of the mood to the darker tint which it 
iron and is called chlorocruonn( in certain worms),; has in the veins, by which vesboLs it is carried 
or hy the blue pigment which contains copper back to the heart and sent to the lungs for a 
and is termed hfcmooyanin (in certain crus- fresh supply of oxygen. 'J'he venous mood is 
tacoans and molluscs). The vast majority ol also rich in carbonic acul, which find# an exit 
invertebrates have colourless blood containing from the blood in the lungs into the expired 
only colourless corpu.sclos. Haemoglobin con- air. It should be noted that hasmogiobin is 
tains 0*4 p.o. of iron; it and certain of its not the exclusive carrier of carbon dioxide ; the 
derivatives give characteristic absorption spectra other niotoins act similarly, but the gas is 
which form one of the best tests for blood. It carried mainly as carimnates in the blood- 
is termed a conjugated protein, consisting of a plasma. ^ 

protein (globin) in combination with tho iron 'J'lie amount of respiratory oxygen carried by 
containing material termed hsematin the blood pigment is 1*34 c.o. oxygon per 

(Csal^aoNiFeOa) gram of hemoglobin. This can bo replaced 

Hemoglobin is oryatallisable, but hematin oy equivalent amounts of such gases as oar^n 
has not yet boon obtained in crystalline form, naonoxido or nitric oxide. These compounds 
By boiling dried blood with a littlo sodium w® stable than oxyhasmoglobin, and tho 

chloride and glacial acetic acid, tho character- g®» « not removable by tho tissues ; hence in 
istio brown crystals of hiematin hydrochloride coal-gas poisoning tho colour of tho blood is 
or hsemin are readily obtained, and this is the equally bright in arteries and veins, and the 
best chemical test for blood ; it can be performed cause of death is oxygon starvation, 
quite readily on a microscope slide. By treat- The foregoing outline of tho composition and 
ment with acid, an iron-free derivative of hai- uses of the blood from the physiological point 
matin is obtained caliod hasmatoporphyrin, and view can bo amplified by tho study^ of any 
in tho body certain iron-free derivatives some- stendard textbook of physiology or physiological 
what similu to hasmatoporph 3 rrin are formed ; chemistry. . . , , 

t h**so constitute the pigments of the bile. By * assing now to the technical and commercial 
the reduction of hsmatoporphyrin, h»mo- aspect of the case, tko uses of tho blood come 
pyrrol (a mixture of pyrrol derivative*) is mainly under four headings: (1) as food; (2) as 
obUined, and the same substances are ob- manure; (3) as a clarifying agent ; and (4) as a 
tain^ also from phylloporphyrin, a deriva- drug. ^ ^ 

tive of chlorophyll ; this Is an interesting fact, (1) As food. Blood as such is only used as 
as it indicates a near relationship between the « food by savages, and attempts kf^ve been made 
principal pigments of the animal and vegetable ! to utilise dried defiblfnateck blood aa^ corn- 
worlds. [ merctal food product without any greatsucoess. 

During life thi blood is in constant move- »lt, however, forms an important constituent of 
ment (filiation), and it is owing to this cir- j certain articles of diet,6:>f which Blacb pudding 
cumstaace that it supplies tissaes ^ith both | and the OeniJui Blutwurst (Blood sausag^ are 
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the b««t known. In the pwparation of theno 
pjg'a blood is mo&t Gommonly employed, end 
they ere of high nutritive value. (For the 
com^ition of various kinds of Blutwurst, ses 
K6nig, Chemie d. Imenschl, Nahnmn nnd 
Qennssmittel, Berlin, 1904, 625 ; Pott. Kandb. 
d. Tier'Emahning, iii. 513, 1909 ; £. Schmidt, 
Lehrb. d. pharro. Chcm. li. 2, 1833, 1901.) 

(2) As manure. Dric<l blood, the so-called 
Blood-meal (lUutmehl), is extensively used as 
manure, and may be placed directly on the land, 
or, more lirequently, is mixed with superphos- 
pliaies. It is a brown i>owder with a gluo-Uko 
smell, and must be kept in dry places to avoid 

{ mtrefaction. It is valuable on account of ita 
ligh ficrcentago of nitrogen (11*8) and of 
phosphorus (1*2 p.c.). Numerous patent ma- 
nures contain a certain pro|x»rtion of blood, 
f For details, see Kdiiig, l.e. 490 ; Merck's Waren- 
Lexicon, 5th ed. art. * Blut.*) 

(3) As a clarifying agent. Blood is employed 
in the same way as milk, gelatin, and allmmin 
arenas a olarifying agent for wines, syrups, and 
similar liquids, in « he proportion of 160-200 c.c. 
of blood per litre. The clearing action is due to 
the protoms present, but used m this uay there 
is oonsidorable danger of infection, as also is the 
ease for milk. Dried blood or the dried blood- 
albumin is therefore preferable. Blood-aibumin 
is prepared from the scrum draine<l off from the 
clot ; the product is really dried serum, as the 
proteins are mixed with the other constituents 
of that tluid, and the word * albumin ' is used as 
synonymous with * protein,* and n in the correct 
chemical sense. It has the advantage of being 
considerably cheaper than egg -album in, for the 
total blood of an ox will yirid 760-800 grams 
of the dfiod product, a good-size<l calf h ill yield 
34(M00 grams, and a sheep about 200 grams 
(see Merck, l.c. art. * Hlutalbumin '). 

(4) The iherapeuttc uses of blood and serum. 
The high nutritive value of blood makes it a 
valuable drug in the treatment of anieinia, and 
certain patent iiiodioinoa gold undiT the name 
of hvmatogen c^uaiMt very largely of blood 
mixed with suitable ilavouriiig and preservative 
agents. A still larger practical use of blood 
products (serum therapy) has been the outcome 
of work on immunity, in which the names of 
Riohet, Ehrlich, Behring, and Koux may be 
mentioncKi as those of pioneers. Those inte- 
rested in problems of immunity should consult 
oorrent handbooks of ])athulogy. The following 
does not protend to do more than give a sketch 
of the main facts, and the oxaiuplo selected of 
the usorulness of the raothixl is that in which 
serum therapy has boon the most successful, 
namely, the treatment of diphtheria. The 
anirani btnly is protected against its foes by a 
variety of moohanisms, and against our micro- 
loopio (bacterial) enomiea the most potent of 
thtiae is the action of colourless blood corpuscles 
(phagocytosis). This, however, ia aasisted in 
certain oaaes by the presence in the fluid part 
of the blood of chemical substances which uve 
received a variety of names; for instance^ * bacte- 
riolysins * are '^aubstances which actually kill 
baotei.,. * * aggluiLiins * are substances which 
(flump the bacteria together and render them 
immobile: *opaonins* eubstances which 
render bacteria an eaay piey to leucocytes, eithw 
by aiding something to them €6 make them 


tasty or removing something from them which 
makes them distasteful ; and * antitoxins ’ are 
substances which neutralise the poisons or toxins 
which are produced by the bacteria. There is 
very little accurate chemical knowle^e of the 
composition of these various materuOs; thev 
are, however, as a rule, destroyed by a hign 
temperature, and are probably protein-like in 
nature. The amount of these substances in the 
blood may be increased by ci'rtain stimuli, much 
in the same way as the epidermis becomes thick- 
ened os the result of manual labour. The 
administration, for instance, of small doses of 
the toxin will produce an excessive production 
of the antitoxin uiuch specifically neutralises 
the poison. Substances uhich in this way 
stimulate the production of these natural anti- 
dotes arc BiKiken of in general terms as antigens. 

If the bacilli which produce diphtheria are 
grown in a suitable medium, they produce 
the diphtheria toxin much in the same way as 
yeast will produce alcohol a hen grown in a 
solution of sugar. If a certain small dose of 
this poison is injected into an animal, it will 
produce death, and that is called the lethal 
dose. But if the animal receives a smaller dose, 
it will recover ; a few days laU‘r it will stand a 
larger dose and recover more ([uickiy ; this ia 
continued until after many succt'ssively increas- 
mg doses, it will finally withstand without ill 
effects an amount equal to many lethal doses. 
The animal is now immune against diphtheria, 
for the administration of the toxin (or antigen) 
has called forth an excessive prc^uction of 
antitoxin, and the blood remains rich in anti- 
toxm for a oousiderablo but variable time ; the 
serum obtained from the blood of the immunised 
animal is then employed for injecting into other 
animals or human beings suCrering from diph- 
theria, and rapidly cures the disease. The horse 
is the animal selected for the preparation of 
antitoxin, and the success of the new treatment 
in reducing the death-rate from what used to 
be considered a terrible iliscaso is one of the 
wonders of modem medicine. 

(5) Miscellaneous uses of blood. Blood is, or 
has been, employed in a number of industrial 
processes, but it will be sufficient here just to 
enumerate a few of them : thus it has been used 
as a medium for paints (Johnson, Eng. Pat. 82, 
1883), in the preparation of adhesive oemonts, as 
a precipitant of sewage in the alum, blood, and 
clay process, and in the manufacture of pure 
animal charcoal. 

Tests for blood. It is often necessary, in 
medico-legal practice, to be able to identify 
blood-stains on garments and instruments. If 
the blood is fresh, a microscopic investigation 
reveals the pivsence of corpuscles, and an 
aqueous extract wiU show the typical absorption 
ban^ of hwmoglobin with the spectroscope. 
The best chemical test is the formation of 
hssmin cr^-stals already described, and is given 
by quite small quantities of blood, even it it is 
old and dry. YHien the blood is dry, and small 
quantities only are present, the most delicate 
spcctroaoopio teet consists in dissolving it in 
dilute potash with the aid of heat, aim then 
adding a drop of a reducing agent such as 
ammonium aphids ; the two absorption 
bands of leduecd hwinatio are then seen, one 
about h^-way bHween the O and K Itosa, 
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tad the other Just on the blue aiile of the E 
line. 

Humen Uood can only be diitinguiehed with 
certainty from the blood of other animala by 
the Bo-called * biologiioal reaction. ' The in jeotion 
in BucceseiTe doses of blood of another species 
into an animal acts as an antiTOii, and causes the 
development in the blood of the injected animal, 
of a specific * precipitin * ; the addition of the 
blood to the serum of the animal which furnished 
the injected blood causes a precipitate; and 
such a preoipiute does not form except between 
the blo^ of the t^o specioe of animal used in 
the experiment. This has been applied to the 
case of human blood, by taking a rabbit and 
injcctmg human blood into it. I'he serum of 


BLUB, METHYL WATER BLUE. 6 oda soh 
^ ocid fm. 

ThiFHxvTLinrcBajni ooLOUinro mattus. 
BLUR, CERULEAN, v. Piomxxts. 

BLUR, CHINA. WAUR BLUE 6 B 
EXTRA, OPAL BLUB/ COTTON BLUE, 
MARINE BLUE tn TBirxucNyLiiBTHAVK cx>loub^ 

UfO MATTXllS. 

BLUE CHINESE or PRUSSIAN BLUE 
Cyajudw: also Piomutts.. 

BLUE, COBALT, v. CXibalt ; also PioMsirra. 
BLUE, COTTON, v. T'RirBKXYLMVTHAim 

OOLOUBJHO MATTERS. 

BLUE COUPIERE V. ]Nx>nuMB8. 

BLUE CYANINE v. I’iomkkts. 

BLUE PIPHENYLAMINE, BLEU DIRECT 


this rabhit will then give a precipitate with the Tnphfnyl-$‘rotaniline hydrochloride (s. T»i 
blood of man (and to a less extent of the higher : ^®**^*****t®^» tX)LOU»iMo mattiis). 
apes), and witn the blood of no other species of , BLUB-ETHYLENB e. 'lliioMiKa i'olouriko 


animal. The test is extraordinarily delicate, 
and will detect human blood that has been dried 
for months, and even when it is mixed with the 
blood of other animals. W. D. H. 

BLOODSTONE. A popular name for the 
mineral heliotrope, a variety of cliAlcedony 
(SiOi), showing bright-red spots on a dark-green 
ground. It is mu^ used for the engraving of 
ring-stones and seals. 

The same name has also boen used for 


hnmatite (Fe| 0 |), being a translation of iku mattxrs. 


MATTKRB. 

BLUB. FAST. MBLDOLA'S BLUB, NEW 
BLUE, NAPHTHYLENB BLUB. Chloride oj 
dimeihylphenyl-ammonium-^- naphth ojaztne 
OXAElVa OOLOURlHa MAITKR^. 

BLUE FLUORESCENT, v. Blbu rLUoiRs- 

CENT. 

BLUB, GENTIAN. SPIRIT BLUE 0, OPAL 
BLUE, BLEU DB.NUIT, BLEU LUMlftRB, 
FINE BLUB, V. TRirUBNYLMKTUAXR COLOUR- 


atfdkTlnitt SO called liecause the colour of the 
powder^ mineral is like that of dried blood. 

L. j. a 

BLOOM. A term given to a mass of 
iron after it leaves the puddling furnace {v. 

iROH). 


BLUB, INDIAN, e. Piomknts. 

BLUE, INTENSE v. PioMKNra. 

BLUB IRON-EARTH. An earthy blue 
variety of the, mineral vivianit<s a hydrated 
ferrous phosphate, Ko,PgO„ 8 ll ,( ), often found as 
a blue powder cneruMtiiig vegetable reinaiiis ami 


BLOOMERT. An old term for an iron bones in bog-irou ore, peat, and clays. L. J. H 


furnace. 

BLOWN OILS V. Oils and Fats. 

BLOWPIPE V. Analysis. 

BLUBBER OILS v. Oit.s ond Fats. 

BLUE, ACETIN, Coupttr^e blue {v. Indu- j 
links) I 

BLUE, ALIZARIN. This name is given ioj 
dtoxyanihramnnonC'qutnoltne C|yH«N 04 , and its 
aodtum bisulphite compound 

CitHi,NO,pS,Na| 

(e. Alizarin and allibd colouring mattrrs). 

BLUE ALKALI, NICHOLSON'S BLUE or 
SOLUBLE BLUB v. Tbifbrn ylmbtranx colour- 
ing MATTERS. 

BLUE ANILINE GENTIAN BLUE OPAL 
BLUE NIGHT BLUB, LIGHT BLUE or FINE 
BLUE e. Trxphrnylmbthanb colodrino mat- 
ters; alsoANILlNB BLUB. 

BLUE ANTWERP, e. Pigments. 

BLUE AZ 0 -, r. Azo- colouring matters. 
BLUE, AZODIPHENYL, ACETIN BLUE, 
COUPIER’S BLUE INDULIN, FAST BLUE R. 
Ci.H,pN,U (v. Indulinbs). 

BLUE BASLE TciyldimeUiylaminophetuh 
Udyltminonaphikazonium chloruU CptH«t^«C3 
(«. AzINRS ASTD COLOURINO MATTlBa DRBIVRO 
FROM TBRM). 

BLUE BAVARIAN, v. Tripbbntlmrthanb 

COLOURING MATTNBS. 

BLUE BENZIDINE v* Aso- oolovrzno 


BLUE BLACK V Azo- colouring mattrul 

BLUE BLACKLBT, «. Indulinis. 

BLUE BBOLUABT 09 TTOB, ipiTHTL 


BLUB, LBITCH'S, v. PioMKNm. 

BLUB, UGHT. BLEU LUM1SrE,*LY 0NS 
BLUE, OPAL BLUE, BLEU DE NUIT t>. Tu- 

PnXNYLMKlMANB COLOURINO MATTBRH. 

BLUB, METHYLDIPHENYLAMINB 

c„h, 4 N,(;i 

obtained in 1874 by (Jimnl k.V the action of 
oxalic acid upon mothyldiphciiyjamine. Or hy 
the action of oopiier nitrate (Bardy and Dusart). 
Or with chloranil (Oeiuy), No longer marie. 
BLUB, METHYLENE, v. 'I’iiioninn colour- 

INO MATTRRS. 

BLUB, NEUTRAL, v. Azines and oolour- 

INO MATTERS DERIVID KR>iM TIIZ.M. 

BLUE, NILE, V, Oxazini ( olouring mat- 
ters. 

BLUE, PARIS, V. TBirilKNYLMBTUANR 

COIXIURTNO MATTKRS. P 

BLUB, PRUSSIAN, v. Cvanidrs; also Pirj. 

MNNT8. 

BLUE, QUINOLINE, v. Triphinylmkthanr 

COLOURING MATTBRS. 

BLUE RED V. Azo- coi/iuring mattbrs. 

BLUE RESORCIlRor LACMOID Ci.HpNOp ? 

probably ?{c|Hp/ 0 Hl'a colouring matter ob- 

l o 


tained by Weselsky and Benedaht in 1880, by 
the action of sodium Sitrite'jcin resoroir^ Blue 
viedsi powder soluble in water. Boluble in 
J^kohd with Uue ooJoim and darh-green fluores- 
oeDOG. Used as an mdicator in aftalimetry 



BLUE, SAXON. 


BLUE, SAXOM, v. Cobalt. 

BLUB, VICTORIA, t^. TBifuiNYLHiTRAirs 

COLOUBIBO MATTXBS. 

BLUE COPPERAS, BLUE STONE, or BLUB 
VITRIOL. Copper mdphaU {v. Coppbb). 

BLUE GUM TREE. The Ewaltfpius glo^ 
huhie (Labdll.),a troo common in Tasmania and 
South-Eastern Australia. 

BLUB JOHN. A variety of fluor-spar found 
in Derbyshire, and valued for making omamenta] 
articles (v. Calcium). 

BLUE LEAD. A term applied to galena by 
minors to distinguish it from white- lead <ftc, or 
carbonate. 

BLUE PIGMENTS v. Piomsvtb. 

BOBBINITE V. Explosivbs. 

BODY VARNISH v. Vabnxsr. 

BOFFINITE. An explosive consisting of 
potassium nitrate, 62-65 pts. ; charcoal, 17-191 
pts . ; sulphur, 14-2^ pts., copper sulphate and 
ammonium siilimato, 13-17 pts. 

BOG-BUTTER or BUTTRELLITE. A 
substan* o rescmbiini' adipoecro (7 r.), occasion- 
ally found in peat m Ireland and clsowhorc. (For 
list of chefnical an* Iphv^ical constants of a sample 
of l>og- butter found in Tyrone, r Hadelifle and 
Madciocks, J. Soo. Chem. Ind. 1907, 3.) 

BOGHEAD COAL v. Pabaffiii. 

BOGHEAD NAPHTHA v. Pabaffik. 

BOG-IRON-ORE. An impure iron hydroxiilc 
of recent formation in bogs and marshes. It i» 
referable to the mineral species limonite (2Fe20,, 
SHjO), and, in fact, this name (from KtifitUvt u 
meadow) was at first applied t^this material, 
which is known in Gorman as Raseneisonstoin 
or Wiosonerz (inoadow-oro). It is sometimes 
placed under the species limnite (from Mfimii, a 
marsh), to which the formula Fe.,0,, 311,0 is 
assignor It contains 20-78 p.c, Fe ,03, some silica 
and organic matter, and ofUm phosphates in con- 
siderable amount. The material has been de- 
posited by the oxidation, through the agency of 
algte and bacteria, of chalybeate waU'rs. It is dug | 
in shallow pits in the jicat bogs of freiaod, the | 
production amomiting to a few thousand tons 
per annum, ntid is mainly used for the punfication 
of coal-gas. 'J'ho Swedish lake ores (sjomalm) are I 
of the same nature L. J. S. ! 

BOG MANGANESE, wad, or earthy manga- 
nese (r. .Manoanesb and Wad). 

BOHEMIAN BOLE. A vcllow variety ol 
bole (7.1’.). 

BOILED OIL. Linseed oil (c. Linsbkd oil). 
BOILER INCRUSTATIONS AND DEPOSITS. 
The deposition of insoluble salts direotly through 
boiling ^he water in boilers, or through concentra- 
tion beyond the limit of solubility ox salts in solu- 
tion. or again, by interaction between otherwise 
soluble suts leading to the precipitation of 
insoluble salts, causes serious trouble in boiler 
pracUee, and lowers the eflicien^y of the boilers. 
Any inorustation or seal* retards heat trans- 
mission to the water, thereby increasing fuel 
consumption ; overheating of the plates or tubes 
may result in serious damage, and the removal of 
a hard scale by meohamoal means leads to 
further dama^ in addition to the cost of 
remo^^and the bpUer bt ‘ng idle for some time. 
If thnLposit remains as a soft mud, fi^uent 
use of the blow-ofi cook is demanded, and heat<J 
is lost ingithe hot water Cdown of! ; but this, of 
coarse, is preferable to the aoouaulatioa of the 


deposit, and its baking on the plates or tubes to 
a hard mass. 

The question of corrosion is also dosely 
associated in many oases with the production 
of deposits, and treatment on scientino lines for 
the removal of the latter overcomes troubles from 
the former. 

Natural waters vary widely in composition, 
and some are wholly unsuited for boiler use, 
cither by reason of the formation of deposits 
and scale, or of their corrosive action. For the 
different characters of natural waters and their 
composition, see article on Water. 

It IS convenient to regard deposits ag the 
soft material which can be removed as sludge ; 
incrustations as deposits more or less firmly 
adherent to the boiler ; and scale as the firm 
hard material which can only be removed with 
difliculty, usually requinng chipping off. 
Naturally no hard-and-fast lino can oe drawn 
between these forms. 

Either form is to bo associated primarily 
with the ‘ hardness ’ of water. ‘ Temporary 
hardness/ i.e. hardness removable by simple 
boiling, is due to calcium and magnesium 
carbonates (to a small extent also to ferroms 
carbonate). Those salts, although almost in- 
soluble in pure water, dissolve in the presence 
of carbon dioxide, owing to the formation of 
soluble bicarbonates (CaCOa'HjCOa ; MgCO,* 
HgCJO,). One litre of water holds about 
1 ‘2 grains of calcium carbonate (as bicarbonate) 
in solution ; after prolonged boiling about 
18-20 milligrams per litre. In the presence of 
other soluble salts the solubility is increased, 
thus with caU’iuip sulphate present the solu- 
bility may bo increasotl to 1 8 grams of CaCO., 
(as bicarbonate) per litre. 

When water containing calcium bicarbona'c 
is heated to about C. it begins to dopo.sit 
tho normal carbonate in powdery form ; at a 
later stage tho deposit becomes crystalline, and 
may form a fairly adherent incrustation. 
Calcium carbonate exists in two crystalline 
forms, calcilt (rhombohodral, belonging to the 
hexagonal system), and aia-jotate (ortho- 
rhonibic, belonging to the rhombic system). 
Tho latter is haraer and denser than calcite, and 
is believed by some authorities to be tho cause 
of incrustation from carbonated waters. On 
boiling such waters tho precipitate is a mixture 
of calcite and aragonite : the presence of other 
soluble salts favours the formation of aragonite. 

Magnesium carbonato behaves somewhat 
differently, several intermediate hydroxy- car- 
bonates being formed, the composition of which 
is dependent on temperature. By continued 
boding in the presence of water at high tempera- 
tures (under pressure) mi^nesium carbonate 
forms tho hydroxide (Mg(H0)|), with liberation 
of carbon dioxide, and, according to J. H. Paul, 
insoluble magnesium oxide may even result. 
W. A. Davis (J. Soc. Chem. Ind. 1906, 788) 
found that on heating an alkaline solution of 
magnesium bicarbonate to 60° in a partially 
clom flask, the precipitate was MgC03*3HtO. 
At 100° it lost water (2H,0), and at 126° the 
third molecule, together with carbon dioxide. 

A table of solubility of magnesium carbonate 
m water containing carbon woxide at various 
pressures wiU be found under Maonbuum 
OABBON^TB. 



621 


BOILSR INCRUSTATIONS AND DEPOSITa 


Solutions of magnesium carbonate decom- 
pose much more slowly on, boiling than those of 
calcium bicarbonate, but the precipitation is 
more complete. In peaty waters the deposition 
of both carbonates is considerably retaraed and 
may be prevented. 

Ferrous carbonate behaves similarly to 
calcium carbonate. 

The ‘ permanent hardnetts ’ is duo chiefly to 
the sulphates of calcium and magnesium ; to a 
minor extent to the chlondes and nitrates of these 
metals. Boiling at ordinary pressure does not 
cause the deposition of any oi these salts, pro- 
viding the water does not become too concen- 
trated. On the other hand, boiling at the higher 
pressures existing in boilers almost complete 
precipitation of calcium sulphate occurs, and 
this constitutes the most troublesome constituent 
in boiler w'aters, being very largely responsible 
for the formation of hard adherent scales. 

C'alcium sulphate (CaS04) is practically in- 
soluble in water. It occurs naturally in the 
hydrated form (CaS04 *211,0) os gi/psum. Two 
varieties of the anhydrous sulphate are recog- 
nised ; insoluble and soluble anhydrite. The 
solubility of natural gypsum attains a maximum 
at 32*^ 0., 100 parts of water dissolving 0*2006 
jiart. At 10° 0. the solubility is 0*1020; at 
100°, 0*1C20 (Hulett and Alhm, J. Anier. Ohem. 
Soc. 1902, 24, 067). Much stress has been laid 
on the decreasing solubility with rise of tempera- 
ture as the important factor in causing deposition 
in practice, but since the amount of calcium 
sulphate is generally much below the limit of 
solubility at 100°, it seems impossible that it can 
bo an important factor. According to Silchcster, 
at low boiler pressure (28-29 lbs.) water contain- 
ing the salt will concentrate like other waters 
Without scale, but at higher prc.ssurcs (40-50 lb.s.) 
will deposit, due to the formation of a hcini- 
hydrate, 2(JaS04*H,0, at a temperature of 
107°. This has been recognised by Johnston 
in scale from boilers working at 2 atmos. 
Above 130° the ankydrous calcium sulphate is 
formed. These are salient facts in tJie formation 
of hard scales duo to this salt, for it is evident 
tliat it is not a question of concentration above I 
the limit of solubility of CaS()4*2H,(), but the 
definite formation of another phase, and the 
material being practically insoluble in this phase 
is almost completely precipitated even when 
present in very small amount in the water. 
130°, or perhaps a little lower, may bo regarded 
as the cntical point determining the precipita- 
tion of calcium sulphate. 

The solubilitv is increased by the presence of 
othermoresolublesaltsauch assodiumonlorideand I 


sulphate, and calcium sulphate may concentrate to 
a fairly high d^ree in a^iler water, as is shown 
by the followmg analysis by J. C. W. Greth ; — 
Grains per Imperial 

gftlldn 

Volatile and organic matter . 5*04 

Silica 0*66 

Calcium carbonate . . 1 *20 

Calcium sulphate . . 94*56 

Magnesium sulphate . .7*63 

Sodium chloride . . . 12*66 

Sodium sulphate . 23*77 ^ 

Other oonstituents of natural waters, such a9 
calcium^ chloride, magnesium sulphate and 
chloride* often play an inuportant part in the 
formation of scale by interaction; thus mag- 


nesium sulphate, although so soluble that it 
should never form part of a scale iimlcr pro|)er 
working conditions, may be almost os trouble- 
some as oaloium sulphate, since with oaloium 
car1>onate or chloride it reaj^s with the formation 
of calcium sulphate and magnesium carbonate 
or chloride. 

Formaiton of scale , — Waters which are in the 
main temporarily hard will deposit the carbon- 
ates of calcium and magnesium (also ferrous, 
carbonate, if present), either in the boiler or 
feed-water lieaters by tlio simple dissolution of 
the biearbonates. Such deposits aro usually 
powdorv ; in the presence of organic matter 
they seldom form coherent deposits, and so may 
bo got rid of by tlio sludge cook. Unddr some 
conditions, however, the deposits bake on the 
plates or tubes and form incrustations. Further, 
on concentration of the water other salts in 
solution, like magnesium or sodium sulphate, 
may react on the incrustation with the formation 
of calcium sulphate and produce a much harder 
deposit —a true scale. Similarly, an incrustation 
containing magnesium hydioxido may react 
with magnesium chloride and form a hard 
incrustation. 

The deposition of the carbonates is a gradual 
process so that a iismpornril y hard waiter whirli 
deposits much of its calcium oarboniite in the 
feed-water heaters, but less of the magnesium 
carbonate because of its slower rate of de- 
position on heating, will continue to de]>ORit in 
pipes, and suoh deposit will, for the same reason, 
contain a higher projiorlion of ihagncsium 
carbonate. Such actions aro modified by the 
presence of other salts; thus, according to 
l^etit, sodium chloride reduces the proportion of 
lime and increases that of niagncHtujgi, whilst 
magnesium sulphate caiiRCs more lime to bo 
retained in solution. 

Calcium sulpliate, wlicthcr present as such 
or formed by intoractHms on concentration of 
the water, becomes depoHitcuJ in the anhydrous 
form as soon os the temneraturo is above that 
corresponding to the pnnsiJl! CaS()4*2H.O or 
(*aS04'H4(). It forms an extremely hanf scale 
of itself. If deposited amongst tliu precipitated 
carbonates it acts as a binder, ana may form 
hard incrustations or scales. Its delctorioiiB 
action may, ihcicforo, be far greater than the 
mere proportirin present w«)uld indicate. Caloium 
sulphate is throughout the most important 
factor m the formation of hard incrustations and 
true scales. 

In brood terms, whilst the carbonated waters 
(temporarily hard) form soft easily ^removed 
deposits or incrustations, and waters containing 
eafeium sulphate, or salts liable to form it by 
interaction (permanently hard), produce hara 
scales, and serve to bind loose incrustations into 
harder masses, suchsft generalisation must only 
bo accepted as broadly true, for exceptions are 
not infrequent under the varying composition 
of natural waters and conditions of practice. 

Magnesium hvdroxide (Mg(HO)t) mag- 
nesium chloride forms a hara material ; certam 
covering compositions for ship? decks aro made 
on this basis. In the prerance of ci^Mm sul- 
phate these salts form very hard porcelain-like 
scales, which are ext^bmciy difficulty remove. 
According UaJ. H. Paul, the tidal waters of the 
Thames give such a scale, the compositiofi being 
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▼ery constant between 85-87 p.c. calcium 
sulphate, and 10*13 p.o. magnesium hydroxide, 
which approximately agrees with a molecular 
conmosition 3 CaS 04 ‘Mg(H 0 ) 3 . 

Under bad conditions of working the concen- 
tration of the water in a boiler is sometimes 
allowed to increase to such an extent that 
soluble salts are deposited along with the true 
incrustation-forming solids. Paul gives the 
composition of such •a scale from a feed-water 
containing 20 grams of lime and magnesia, and 
40 grains of sodium salts per gallon os': — 


Calcium carbonate . . 3*89 p.c. 

Magnesium caibonate . . 1*10 „ 

Silica 0-69 

Irftn oxide .... 0*77 „ 

Sodium chloriile . . . 77*09 „ 

Sodium Bulohato . . . 11*82 „ 

Sodium carDonato . 3*02 „ 

Combined water . . . 6*90 „ 


Ninety-five n.c. of this hard tough crystalline 
scale was soluble in water. The removal of 
sca]pH of this ‘ soluble ’ type is simple, it lieiiig 
only necessary to dilow down the boiler and fill 
up with fresh water and again empty. 

The formation of scale from sea water is a 
matter of some importance, for although the 
use of sea water in boilom has been almost 
emtirely discarded in favour of the use of distilled 
water for the * make up,* made in the ship*s 
evaporating plant, yet sea water frequently 
fincu its wav into the feed from leaky con- 
densers, or tlirougli priming in the evaporator. 
The scale from sea water is mainly calcium sul- 
phate, together with magnesium hydroxide and 
silica, frequently the scale can bo separated 
into a hard and soft portion, the latter containing 
a consUWablv higher proportion of magnesium 
hydroxioe. i*he ealcium sulphate may be 
between 80-90 p.c., magnesium hydroxide 
2-5 p.o., calcium carbonate is usually under 
1 p.o. One ton of soa water contains about 
3*5 lbs. of scale forming salts, of which a little 
over 3 lbs. is ealcium sulphate. 

With low-prAsuro boilers it was possible 
to evaporate soa water without any serious 
trouble, providing the density was not allowed 
to beeomo exces.sive (aoeording to Lewes, to a 
density of 1 09 without deposition of calcium 
sulphate), hut with modern boilers working at 
high pressures, so that the boiling-point was 
raised above the critical teinpernture of de- 
position of calcium sulphate in brine solution, 
troubles from scaling became so developed that 
the use of such water in these boilers had to be 
abandoitiMl. 

The formation of magnesium hydroxide is 
probably duo to the interaction of the oonoen- 
trated solution of magnesium chloride on the 
small amount of calcium carbonate which would 
be the first substance to deposit, the magnesium 
carbonate formed later losing carbon dioxide. 
Suoli a reaction accounts for the very small 
quantity of calcium carbonate in the scale. 
Magnesium hydroxide may also partly result by 
direct hydrolysis of magnesium chloride which 
takes place readily in coi^act with heated iron. 
Hydrotk^rio acid 16 set free, and this is closely 
associated with corrosion of the boiler on which 
it acts wi^ the produotipn of ferrous chloride, 
this further reacts with magnesium hydroxide 


in the absence of air. Free hydrochloric acid 
and iron are thus not found in the water; indeed 
the water is slightly alkaline, due to the solu- 
bility of the excess of magnesium hydroxide. 

Prevention or Scale. 

The treatment of water to prevent the 
formation of incrustations or scale may either 
bo preparatory to its use in the boiler, or 
chemicals (generally sold as ‘ boiler fluids *) may 
be added from time to time to the water m the 
boiler. In the latter case prevention of trouble- 
some scale may be possiole, the added fluids 
causing precipitation in a form which can be 
easily removea by the sludge cock, but unless all 
scale-forming materials can be kept in solution, 
an almost unrealisable condition, it is clearly 
more satisfactory to remove the causes of trouble 
before the water enters the boiler. 

There is no relationship between the amount 
of impurity in a water and its scale forming 
charactf*'/, since concentration will soon increase 
the quantity from even a very pure water. The 
essential point is the character of the dissolved 
8olid.s, and accurate analysis is essential both 
from the point of view of determining suitability 
for boiler use, and the correct system of treat- 
ment necessary to render a natural water 
suitable. 

With purely carbonated waters treatment in 
a special uirm of heater, whereby the calcium and 
magnesium carbonates are to a considerable 
extent precipitated, may be satisfactory, but in 
general chemical processes are employed. 
Although a large number of reagents have Seen 
proposed and adopted with success in special 
cases, three only find extended use, namely, lime 
(as milk of lime or os clear lime-water), sodium 
carbonate (soda ash), and sodium hydroxide 
(caustic soda). The action of lime on the 
bicarbonates is 

CaCO3*H,C0s+Ca(H0)3=2CaC0,+2H,0 

MgCO,-H,COa+Ca(HO)g 

=-CaC 03 -fMgC 03 + 2 H 30 
The removal of calcium carbonate is never quite 
complete, and the reaction is still less complete 
with magnesium bicarbonate. 

It can be asoertainod when lime has lieen 
added in the requisite slight excess by the 
yellowish brown colouration the water gives 
with silver nitrate solution. 

Lime has no action on the salts which cause 
permanent hanlness, so that it is seldom 
employed alone, but generally in conjunction 
witn soda ash or caustic soda. Either or both 
of those reagents may be employed without 
lime, and will remove both temporaiy and 
permanent hardness under suitable conditions. 
Soda ash reacts as follows : — 
CaCO,*HaCO,+Na,CO,=CaCO,4-2NaHCOa 

At temperatures above 160^ the sodium 
bicarbonate is converted into the normal car- 
bonate again, snd carbon dioxide is liberated. 

With caustic soda the reaction is similar, 
so that theoretically a small amount of either 
reagent is capable of dealing with the temporaiy 
haraness of a large quantity of water, but there 
is always the liability of the water becoming 
unduly alkidine by concentration. 

With magnesium bicarbonate it is frequently 
found that w^en the correct quantity of 
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is no precipitation in the cold. W. A. Davis 
{lx.) states that this is due to the formation of 
the soluble salts 

MgHCO,*COa.Na or Mg(CO. Na)„ 
according to the proportions used. Precipita- 
tion only occurs when the liquid is heated 
sufficiently to decompose these soluble double 
salts when a mixture of magnesium hydroxide 
and a basic carbonate, l!iig(()H)‘(H*COa), is 
precipitated. (Consequently below a certain 
temperature it is impossible to complctelY 
soften magnesian waters containing small 
quantities of the bicarbonate, sulphate or 
chloride by means of either sodium carbonate 
or hydroxide. 

It follows that a water containing magnc.sium 
salts if treated by these chemicals m the cold 
will deposit sludge or form an incrustation in a 
boiler or in feed-water heaters. 

The action of sodium carbonate on calcium 
or magnesium sulphate causes precipitation 
of the respective caruonates and the formation of 
sodium sulphate. Sodium liydroxido forms 
calcium hydroxide and sodium sulphate, and 
the calcium h^'droxidc may then react on the 
salts causing temporary hardness, if those latter 
have not already been acted on directly according 
to the equation 
CaC0.H,C0.+2Na0H 

=.CafD,+Na,C03-f2H,0 

With these soluble alkalis it is important 
to note that the water will be left with free 
alkali in solution if the salts causing temporary 
hardness are in excess of the nioleoular equiva- 
lent of those causing permanent hardness. 
With calcium sulphate, on the other hand, in 
excess, or in molecular proportion, the sodium 
will all remain as sulphate 
CaC0,H3C0,-fNa3C0,=CaU08+2NaH(X)j, 
(Mol. Wt. 100). 

Above 100° C. 2NaHC()3.-Na3C03+ll30-f-C03 
CaS04+Na3(:U3=:CaC08+Na3S04 
(Mol. Wt. 130). 

Accumulation of free alkali in boiler waters 
is objectionable ; it is commonly associated with 
priming or foaming, and if the solution bo at all 
concentrated, may cause attack of brass boiler 
littinj^s and even of tlio gauge glass. For 
certain industrial purposes also alkaline water is 
inadmissible ; for example, in alTccting delicate 
shades of colour in dyeing, and in the preparation 
of tan liquors. 

Caustic soda requires using with discretion. 
It finds most useful application with waters 
containing the sulphates, chlorides and nitrates 
of calcium and magnesium. 

Other chemicals which have been employed 
include magnesium oxide (or hydroxide), 
barium hydroxide and chloride, and the oxalates 
of potassium and sodium, but as they offer little 
advantage over lime and soda, and are very 
much more expensive, they are but seldom 
employed. Aluminium sulphate, alum solution, 
or sofuum aluminate arc sometimes employed. 

A most successful system, both for boiler and 
industrial purposes, is the Permulite process, 
and this gives an almost perfectly softened water, 
and the process is one requiring the minimum of 
plant, it oeing simply necessary to pass the water 
through vessels oontaininff the material. This is 
an artifloial zeolite made by fusing together 
silica, alumina (or China eclay) am s^um 


carbonate^ and extraoting the soiuole portion 
with water. The oiyatalline product u a double 
rilicate of alumina and soda, approximating 
to the composition Al30s*Na|0’48i03*5H30. 
Generally a portion of the s^a is replai'od by a 
small quantity of potash (K3O) and time. 

Water is passed through the crystalline 
material when the sodium is replaced quantita- 
tively by other metals, such os lime 
AIjOVNajO ^SiOgH (WOyHjOO* 

=~-Al30a-Ca0-4Si0.’f2NaHC0, 

Al30sNa30.4Si0,-fCaS04 

«=Al30,Ca0-4Si0*+Na|S04 

The pormutito may be regenerated when 
exhausted by passing strong brine through it, 
and this thoreforo is practically the only 
sofUming agent consumed. 

With the ordinary pcrniutito waters contain- 
ing iron cannot bo treated, and a special form 
containing a proportion of the higher oxiilcs 
of manganese is used. Tliis causes oxidation 
of ferrous to ferric salts, whieh are precipitated. 

According to Hahrdt the reactions bot'^cen 
the nlkalino earth metals '^nd pormutito are 
leversible, and calcium can displace magnesium 
from magnosiiim poriniilito if liist formed, and 
more) magnesium may at times be present in the 
treated tlian in tlu> untreated water. Bahrdt 
therefore recommends prior roinoval of the 
temporary hardness by lime and confining the 
lormutite tr(‘atinent to the removal of permanent 
lardnoRs. 8uch treatment would require to be 
carefully controlleil, as a too highly alkaline 
water spoils pcrmiitite. 

The point must bo emphasised that whilst 
with lirno in the corroet proportion to remove 
temporary hardness the precipitate is wholly 
insoluble, and no soluble salts are formed, witn 
practically all other reagents an insouiblo and 
soluble salts are formed. The latter will incmaso 
by concentration in the boiler, and care must 
bo taken that this does not bocomo cxc’cssivo. 
Especially is this important where the sulublo 
salt is alkulmc. 

Soflenuig plant. Numerous forms of plant 
arc cmployiul for carrying out the softening 
process ; m some the sludge is allowed to settle, 
two tanks being used alternately. '^I'o dccreaso 
the .settling period the sludge is generally stirred 
up with tho fresh charge, and since the upper 
portion of the water clarifies first considerable 
saving of time (and eonsoijuent reduction in 
size of tanks) is possible by the use of a draw-off 
pipe carried by a float. Many softening plants 
are provided with automatic means of measuring 
in the rqquired reagents in the proportion 
determined by analysis, also with mechanically 
operated stin'ers and suitable filtering arrange- 
ments. It has been found that the softening 
process is more complete when there is an 
accumulation of pi|;cipitatod material in the 
filters, which suggests that tho action of tho 
sludge left in settlmg tanks is beneficial beyond 
its mere mechanical action in promoting 
clarification. 

With waters softened by tho lime-soda 
treatment, even with.heat, tho^tions are often 
not completed in the tanbi, and de>/aits are 
found in the feed-water heaters and pipes. 
These incompleted rations are primarily due 
to magnesium salts, tuo behaviour orwhich has 
already been referred to. In the Arekbntt* 
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Dooty process this trouble is overcome by 
passing carbon dioxide into the softened water, 
the gas being drawn off from a coke fire, freed 
from snlphnr dioxide by limestone, and injected 
by the steam blowea which serves to draw the 
gases from the small producer. 

Bon<EB Fluids. 

The use of an anti-incrustation fluid in the 
boiler is greatly favoured by many onginoers, 
but is not such asatisfactorv method of treatment 
as the prior removal of the scale forming con- 
stituents. The method has the advantage of 
re(|uiring no external plant, and for one or two 
boilers this is an advantage; but for larger 
installations a proper softening plant is better 
and more general in practice, ft is obvious that 
precipitation of any solids by the boiler fluid 
takes place in the boiler, and the sludge so formcfl 
must bo blown out at intervals. Some of the 
compounds used are not without action on boiler 
plates, tubes and fittings, especially cop^ior alloys. 

Sodium carbonate and hydroxide with waUTs 
con^taining little o^tho bicarbonatos of lime and 
magnesium, especially if the water is slightly 
acid, give good results. With carbonated 
waters the alkali will not bo used up and the 
water may become objectionably alkaline. 

Ammonium cblorido reacts with calcium 
carbonate, producing calcium chloride and 
ammonium carbonate, and the latter is deeom- 
posod at boiler temperatures, ammonia escaping 
ill the steam. With magnosium salts magnesium 
clilorido may bo formed, and this is an active 
corrosive agent. 

Sodium phosphate (NiVgl 11*0. *1211,0) is 
suitable for Rul]ihatcd waters. Bicarbonatos 
are also dccomiioHod, apparently through hydro- 
lysis of i*i6 salt in solution with the formation 
of a small amount of sodium hydroxide. 

Sodium Hulpliitc and silicate are also some- 
times employed. The former precipitates 
calcium sulphite, which is slowly oxuliscd to ! 
sulphate, in a non-crystalline form so that it can 
lie ulown off. Sit,||)hites are, however, likely to ^ 
cause corrosion, especially m the presence of ■ 
nitrates, which becoino reduced to nitrites, and * 
as these docompoao active corrosion may result, i 
Tho objection to sodium silicate is its liability } 
to hanlon otherwise soft incrustations. 

Many organic substances of tho most varied 
character, starchy, albuminous and gelatinous > 
materials, ai-e used. Tho general action appears | 
to Ims duo to their colloidal character, which | 
prevents tho formation of orystalliiio deposits. 

Tanipo acid, or sodium tannato, have been I 
widely employed. The free acid decomposes 
the carbonates with tho formation of insoluble 
tannates. Tannic acid may act on tho iron, and 
should only be used with alkaline waters, and 
then under careful chemical supervision. 
Alkaline solutions containing more or less sodium 
tannate are frequently employed, but it is 
probable that the anti-incrustation action is 
mainly physical and duo more to the oi^anio 
extractives than the sodium tannato itself, 
except in so ^ as tho alkali itself acts in 
aooor^ginoe with ref^tioni already dealt with. 

Oily Deposits. 

The presence of oil g^bules carried into the 
boiler by ^e condensed s^am fi^9 the cylinders 
has the cause of several boilm ooUapsing, 


owing chiefly to overheating of the crown plates 
of the furnace. Even with good mineral 
cylinder oils a process akin to steam distillation 
may take place, so that portions of the oil 
normally of higher boiling-point than the 
temperature of the steam are carried forward in 
the condensed feed-water. These oily globules 
attach themselves to any precipitated ca^onates 
or sulphates, rendering tne material lighter, so 
that it is earned freely by the convection 
currents until meeting highly heated metal 
surfaces it becomes deposit^. It is character- 
istic of such deposits that they occur as fre- 
quently on tho underside of tubes as on the upper 
side (where non-oily inorustatiuns are usually 
much thicker), this licing duo to this circulating 
action. Frequently all oil may disappear from 
the incrustation, owing to excessive heating 
of the metal in contact with it. 

Another action not generally recognised is 
that some oils derived solely from petroleum 
(mineral oils) are liable to oxidation with the 
formation of acids akin to, if not identical with, 
fatty acids, and these form insoluble soaps with 
iime and magnesia. With the latter in par- 
ticular the soap is of an adhesive character, it 
collects other floating solids, and deposits a mass 
on plat>es and tubes. The free acids also attack 
copper, load and xino of brass fittings, and the 
salts of these metals are frequently found in the 
I merustation Paul has punlishcd analvses of 
several such deposits, a typical one from a 
[ wholly mineral oil being : — 

Uneombined oil , . . 49*90 p.c. 

Oombin(‘d oily acids , . 0*72 „ 

Zinc oxychloride • . 22 70 „ 

I>ead oxide . . . . 0 47 „ 

(’oppor oxide . . . • 0*10 „ 

Ferric oxide . . . 7 02 „ 

Magnesium oxide . . 11*90 „ 

Biliea . . . . . I'lO 

When mixtures of saponifiable and non- 
saponiliablo oils were employed for cylinder 
lubrication the formation of fatty acids which 
passed to the boiler feed water was much morq 
serious, and led to the abandonment of saponi- 
fiablo oils. With boilers working at tho high 
pressures now common, especially in conjunction 
with high super-heat of the steam, it has become 
a most important matter to select only cylinder 
oils of tho highest quality, free from tendency to 
form acids. In every case where condensed 
water is used it is most essential to instal 
eflicient means of removing oil, either in exhaust 
steam separators or fec^>water filters. Alu- 
minium sulphate or alum have been employed 
with success to aid the separation of the emulsi- 
fied oil, the aluminium hydroxide formed by 
precipitation with any alkali present collecting 
the oil globules, and their removal by filtration 
is facilitated. J. 8. S. B. 

BOIS-PIQUAMT BARK. The bark of Zan- 
ihoxylum carihetum (Lam.), and Z. PerroUeiii 
(D.C.). Used in France as a febrifuge (Heckel a. 
Schlagdenhaffon, Compt. rend. 98, 996). 

BOLDO. A shrub, Peumus holdus (Molina), 
belonging to the MonimiaeecSf growing in the 
Chilian Andes. Tho bark is us^ in tanning, the 
wxiod makes a good charcoal r«and the bark and 
loaves contain a glucoside useful as a 

hypnotic and cholaqogue (Chapoteau^ Compt. 
rend. 98,«I052). 
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MLB. (Bolt Cf€r,) A fermginoua clay<Uke 
rabstuiO 0 » 01 rod, brown, or yellowish colour. It 
is not plajrtio, tad when thrown into water 
falls to pieces with emission of streams of 
minute air- bubbles. It has an unctuous feel, 
and some varieties adhere to the tongue. When 
out it presents a shining streak. Before the 
blowpijM it fuses to a yellowish or white enamel. 
Its composition is very variable, but its usual 
limits are from 41 to 47 jp.o. SiO^. 18 to 25 p.e. 
A1,0, and 24 to 25 p.c. H.O, with a proportion 
of FejO„ which may reach 12 p.c. It will be 
noticed that the percentage of water ih higher 
than in clays. The Fettbol of Freiberg in 
Saxony occurs in mineral veins, and contains 
only aoout 3 p.c. of Al^Og. The hole of Stolpen 
in Saxony is a yellowish substance containing 
only a trace of F.-jO,. Bnminelsb^'rg'H analysis 
yielde<l SiO„ 45*92 ; Al-Oa, 22*14 ; CaO, 3 0 ; 
UsO, 25*80. In the ‘ bole of Sinope ' (sinopite) 
from Asia Minor the SiO, fulls as low as 32 p.c. 
The ancients obtained this material from 
Cappadocia, and uscil it as a red pigment. It 
was also employed in medicine as an nstnngent 
(v. Lemman Fartii). 

The follow'ing is an analysis of bole, occurring 
in granite, at l^tcinkirclien, Bohemia : — Dried 
at 100° it yielded SiO,. 40*73 ; Al,()a, 20*17 ; 
Fe,0„ 12*34; (^aO, 1*04; MgO, I 31 ; K,(),0*98; 
MnO, 0*28 ; loss on ignition, 10 53 ((i. Starkl, 
Verb. k. k. Ccolog. Reichs. Vienna, 1880, 
279). 

Bole is frequently found as a product of the 
decomposition of liasaltio rocks. Thus the 
sheets of basalt in N.K. Ireland, representing 
Tertiary lava-flows, are soparaied by partings of 
bole, associated witli lithomargo, bauxite, 
pisolitio iron-ore, and seams of lignite. The 
Antnm bole is described as a poor variety of 
aluminous iron-oro ((». A. d. (Jolo, The intcr- 
basaltic rocks (iron ores and bauxites) of north- 
east Ireland, Mem. Oeol. Survey, Ireland, 1012). 

L. d. S. 

BOLOGNIAN STONE. A native variety of 
barium sulphate found os nodular manse i 
eml^dded in clay near Bologna ; when partially 
reduced to sulphide by calcination with charcoal 
it exhibits phosphorescence. Vanino and Zum- 
busch (J. prakt. ('hem. 1011, 84, 305) have 
attempted to ascertain the factors which 
determine the phosphorescent quality of Bologna 
stones. Good samples may vary in suli»Tjur 
content between 12 and 33 p.c. Marked phos- 
phorescing power seems to depend upon the 
preset of ^lysulphtdcs ; prndtic's containing 
only ihonoBulphido are deficient in this respect. 
The presence of calcium oxide appears to increase 
the phosphorescing power (v. Barium and 
Barytes). 

BOLORETIN u. Re.sin.s. 

BOMBICBSTOROL v. Hter^ils. 

BOMB. Bony tissue may bo either compact 
as in the shafts of the long bones, or sjmngy or 
oancellated as in the flat bones of the kuIT and 
in the extremities of the long bones ; here an 
external compact layer endoses a mass of 
spongy bone or diplod. From the embiyologidal 
point of view, hones may be divided into 
cartilage Ixmes and membrane bones. The 
oaiiils^ bones are those which in embryonio 
life are pleoeded by oartilagmous pr|flgure- 
VoL. L— 2*. 


ments: these oomprise the majority of the bones 
in the body, and include all the long bonee except 
the clavicle. In the ease of membrane bones 
(for instance, the flat bones of the cranium), there 
is no such preliminary oa^aginous prefigure- 
nient. It must not, how*ov&, bo supposoil that 
in the cartilage bones the cartilage is converted 
into bone ; for here, as in the oases where there is 


no cartilage present, the true bony tissue is 
laid down by the agency of certain cells termed 
osteoblasts "in the connective tissue sheath 
(periosteum) of the bone, and tho cartilage 
when present., after undergoing a certain amount 
of calcificatidn, is then entirely eaten away by 
certain large colls called osteoclasts. In the 
cartilaginous, as distinguished from the*bony 
or telcostean, Ashes, the replacement of tho 
cartilage by true bone does not occur. 

Bone is deposited in concontric laniinn, the 
majority of tho layers encircling tho channels 
called Haversian canals, m which tho bloo<l- 
vessels lie. The living elements in bone, tho 
bone cells, lie in 8]Mices bt'iwrcn tho laminis, 
and these spaces (lacunie) iatorcommunioato 
by minute canals, in which lymph flows and 
maintains their nutrition. 

The chemical materials present arc organic 
and inorganic. Tha organic materials are 
proteins and nuclein derived from the bone 
cells, a small quantity of an elastin-liko sub- 
stance which forms a lining to the Haversian 
canals, and a mucoid or glucoprotein ( but the 
principal organic material, bomotimes misnamed 
bone cartilage, iss hotter termed ossein. OsioYn 
is identical with tho collagen of connective tissues, 
and like it yields gelatin on lioiling w'ith water. 
If tho inorcanic salts are (IihkoIvihI out by 
mineral acids, tho o.«isein remains as ar^elastio 
mass which preserves the original shape of tho 
bono. 

Tho inorganic constituents remain as the 
so-called bono earth after tho bono is completely 
calcined ; it consists chiefly of calcium phosphate, 
j but also contains calcium carlionato, and small 
amounts of magnesium, chloriifl), and fluorine. 
Gabriel (Zeitsch. nhysiol. Chem. 18) states 
that potassium atuf sodium also occur. Traces 
of iron come from tho blood in the bone, and of 
sulphate from chondroitin-Bulphurioacid(M5mer, 
ibid. 23). 

Invostigaton differ as to the mannw in 
which tho inorganic substances are combined. 
(I!hlorine and fluorine are present in the same 
form as in apatite (OFl|*3GasP,0|i), and 
according to Gabriel, the remaining mineral 
constituente form the combination 3(CJafP|Og) 
CaCO,. He gives as tho simplest expression 
for the composition of the asn of bonee and 
teeth the formula Ca.(P 04 ),-l-Ga,HP, 0 .s-fH|P, 
in which 2*3 p.o. of the lime is replaced oy 


magnesia, potash, and soda, and 4^0 p.o. of 
tho phosphoric acid b^niarbon dioxide, oiuorine, 
and fluorine. 


Zalesky’i analyses (Hoppe-Seyler’s Med. 
Chem. Untersuoh. 19) show now closely bono 
earth agrees in composition in different animals. 
The figures nmresent parts per 10981 (»Soe Table. ) 
The various bones of tUI tte]#on differ^jood 
ideal in the proportion of water, oiganfc solids, 
ilhd inoi^anic solids which they contain. This 
depends to some exten# on the admiftore of 
marrow, bloodvessels, and other formatitne 

2 8 
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from which it h difficult to fre? entirely the I Bone meal and bone ash are extenaiycly 


oMieoiiB tisaue proper. The quantity of water 


— 
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in freeh bonos thus vancR from 14 to 44 p.c., 
and of fat Ijotwcon 1 and 27 p.c. I'lio quantity 
of total organic wiljKtnnco varies from 30 to 
62 p.c., the romaiiuler being inorganic. 

The marrow i.s from Iho chemical point of 
view mainly fat ; its cells yield jirotem and 
nnclcoprotcin. 

On a rough average it may bo said that two- 
tltirds of iho solids consi.st of inorganic and one- 
third of organic compounds. 

With regard to the nimuto composition of 
bones at diiforont ages, wc have no very accurate 
information. Voit found in dogs and Bnibachcr 
in children, that the water m tlic Hkelcion 
decreases and the ash increases vith advance 
of years. ClratlenbcTgcr’s observations on rab- 
bits confirmed this view. 

A great many experiments have boon made to 
detoritiine the influence of food — for instance, 
rich or poor in lirno Balts — on the composition 
of bone, but the results have been doubtful or 
contradictory. The attempts to substitute 
other alkaline earths for lime have also given 
uncertain results {sec H. Wci.ske, Zeit. f, Biol. 
31 ; also Hainmarston’s Physiol. Chem. translated 
by Maiidol). 

A large number of data havo also boon 
publi.shed regarding the variations in chemical 
composition in difTcront diseases of bone. Thus 
in exostoses tl^ inorganic material is usually 
increased ; in rickets and osteomalacia, the 
proportion of water and os.soin to bone earth is 
raised. 'J’ho view that lactio aoid is responsible 
for the washing out of lime salts from bonos 
in rickets is, however, discredited. 

The somewhat rare condition of a curious 
protein (called Bence-Jones protein, after its 
discoverer) in the urine is almost invariably 
associated with bone disease (osteomalacia, or 
malignant now growths). This protein in man^ 
of its oharaoters resembles a proteose, but is 
probably derived from the mucoid of osseous 
tissue (Rosenblootn, J. Biol. ('hem. 1910, 7, 
14; Williams, Bio. Chem. J. 1010, 5, 225). 

On heating out of contact with air, bone 
evolves a largo quantity of volatile matter 
(ti. Bonb oil.) which conidns ammonia, pyridine 
bases, pyrrol, nitriles, &c. A black residue is 
loft, consisting of the bone ash in association 
with carbon, which is called animal charcoal (^.v.). 

The industrial uses of bone are very numerous 
and involve ^ large import trade ; not only is 
the^bone itself made \^ito many utensils, but 
the^lhuterials nmde from the bone (charcoal, 
bone ash, gelatin, &o.) are put to many uses. «. 

Thi\^ animal oharq^al or bone black is em- 
ployed in many chemical operations, in sugar 
remiing, as a polish for silveir work, &o. 


employed as manure, and in the preparation of 
the superphosphates of commerce. 

The gelatin in an impure form is used in the 
preparation of paper, silk, furs, &o., and the 
purer varieties are also put to numerous uses, 
for instance, as a clarifying agent in the prepara- 
tion of wines, beers, liqueurs, for food in the 
preparation of soups, jellies, and puddings, in 
the making of photographic films, and in 
Bacteriology for the preparation of culture 
media. {See Merck’s Waren-I.K^xikon, arts. 

* Knochen,* ‘ Knochcnasche,* ‘ Knochenkohle,* 

* Knochenol ’ ; II. Ost, lichrbuch der Chem. 
Technologic, 6th cd. 1907, ‘ Knochen mehl,* 
187, ‘ Knochenlcim,’ 621 ; Hammer, Handbuch 
d. chem. 9’echnologie, 1898, 6, art. * Knochen - 
verarbeitung,’ 254.) 

The mention of gelatin as food suggests a 
word on its nutritive value. It is easily 
digc.stible and assimilable, and so is much em- 
ployed in invalid cookery ; nevertheless, it has 
long been recognised that it is of inferior 
nutritive value. If animals receive gelatin as 
their sole nitrogenous food, they waste and die 
more rapidly than if nitrogenous food is entirely 
withheld from them ; still, when mixed with 
other proteins, loss of the latter is suflicient to 
maintain life. Recent investigations on the 
chemistry of proteins have shown that gelatin 
is destitute of the tyrosine and tryptophane 
groups, and those groups appear to bo of special 
value or even iiKlispensablo for tissue repair; 
tho^proviously pu7./.ling behaviour of gelatin in 
nutrition is thus explicable. W. D. H. 

BONE ASH V. Bonb and Fbxitiliskrs. 

BONE BLACK v. Animal charcoal. 

BONE EARTH. I’ho calcined residue of 
bones, consisting chiefly of calcium phosphate 
(v. Bonb). 

BONB FAT is the fatty matter contained in 
the bone.s of animals, and is practically a by-pro- 
duct in the process of w’orking up bones, whether 
it bo for the manufacture of bone char or for the 
production of glue and gelatin. In either of 
these manufactures, the * degreasing * of the 
bones precedes all further manipulations. 
Bones from head, ribs, shoulder blades, &c., 
contain from 12 to 13 pc. of fat, W'hilst the 

* marrow * bonos, i.e. the largo thigh bones, 
contain as much as 18-20 p.c. Formerly bone 
fat was produced by boding the broken bones 
with water in open vt ssols, and allowing the 
hot liquor to stand, so that the fat could separate* 
on the top and bo skiminod off. In the ease of 
fresh bonos, the recovered bone fat had a white 
to 3 'ellow'i 8 h colour, a faint odour and taste, 
and the consistence of butter. When putrid 
bones were employed, the bone fat passed, 
according to age and state of decomposition 
of the organic matter in the bones, through all 
gradations from a white fat to a dark rancid 
fat of a very disagreeable smell. The boiling- 
out process allows only about one-half of the 
fat to be recovered. The small yield, and the 
nuisance connected with the preparation of 
the bone fat forced the manufacturers to treat 
the bones with steam under pressure. Th<f 
broken bones were placed in a cage fixed inside 
an autoclave, and were heated therein with 
open steam, under a pressure of 2 to 3 atmo- 
sphero. The bbne fat so obtained was of the 
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eame quality as that prepared by the former 
process. The best bone fat obtainable in the 
market is at present prepared by this process, 
esp^ially in the large packing houses of the 
United States and South America, where the 
bones are worked up in the fresh state. They 
arc first W'ashed m * bone* washing machines.' 
These are cylinders usually 10 feet long and 
3 feet to 4 feet in diameter, built up from iron 
bars, 1 inch apart, fixed into two cast-iron 
heads. They ar(' driven by cshain and sprocket, 
and rotate slowly, making about ten revolutions 
per minute. Through the entire length of the 
drum there is a hinged door made of bars, 
which allows the filling and emptying of the 
cylinder. The machines are usually set at an 
angle to facilitate the washing and emptying 
operations. Some manufacturers even resort 
to steeping the bones in a solution of sulphurous 
acid in order to obtain a whiter fat (as also a 
better glue) than unbleached bones afford 
(»ec, however, Head and Llo^d, J. iSoc. (’hem. 
Ind. 1912, .*11, 317). The yield of bone fatm tho 
steaniing*out process under prosHure is eon- 
sidoTably higher (by about /JO p c.) than in tho 
boiliiig-out process in open vessels, so that from 
bones containing 12 p.c. of fat, S to 9 p.c. can be 
recovered. 

Bono fats of this quality can bo bleached, 
but only the best kinds are likely to yield a 

? ;ood product. The higher the percentage of 
roe fatty acids, tho greater is llie difficulty in 
bleaching. In fact, products^ containing moro 
than 60 p.c. of free fatty aofds could hitherto 
not bo bleached successfully. 

Tho highest yield of bone fat is obtained by 
treating the bones with an organic solvent, 
whereby tho animal tissue remains unimpaired, 
so that tho whole of tho gluc-yicldiiig organio 
substances can bo converted into gluo after tho 
fat has been removed. Tho solvent used in bonc- 
cxtracting works is almost exclusively petroleum 
spint or Scotch shale oil, boiling between 100° 
and 130°. Proposals have been made to use 
carbon tetrachloride or chloro- compounds of 
ethylene and ethane. Experiments with carbon 
tetrachloride have, however, been abandoned as 
unremunerativo. Extraction with * benzine * or 
shale oil takes place in iron digesters untler 
ressure or in open apparatus. Tho fat obtained 
y the extracting process is dark* brown, and 
has a very penetrating, unpleasant smell. In 
addition to a considerable amount of free fatty 
acids, it contains limc-soap, calcium lactate, 
calcium butyrate, and hydrocarbons from tho 
‘ benzine ’ which cannot be fully removed even 
by prolonged steaming. Hitherto, this kind of 
fat has not been treated successfully, and oven 
when some immediate improvement was ob- 
tained, the colour and also tho unpleasant smell 
‘ reverted * after a short time. A patent by Vol- 
land (D. R. P. 222009) claims, however, to bleach 
extracted bone fat by means of barium peroxide. 

In von Girsewalas process (Fr. Pat. 430016, 
1911) the vapour of tno petroleum spirit or 
other solvent finally remaining in the pores of 
the material is condensed by tho intrixluction 
of vapour of the same solvent at a pressure 
sufficient to produce* condensation wi^in the 
extractor. More complete extraction of the 
bones is thutf effected and the re^miBsioiy)f air 
is prevented. 


The prooeas stented by Schmidt (Eng. Pal. 
6368, 19E3) hasW its object the rapid separa- 
tion of water from the solvent. This is effected 
by condensing tho vapours from the extractor 
in a series of compartments €t temperatures just 
below the boiling-point of tho solvent or of tho 
respective fractions, and conducting the con- 
densed liquids to a common separator, where the 
water is removed prior to the pturn of tho solvent 
to tho extractor. 

A method of removing the fat from bones 
without the use of a solvent is claimed in 
Powling's process (Eng. Pat. 8307, 1912), tho 
material being agitated in a steam jacketed 
cylinder until the fat has separated and tlie 
water lias evaporated. 

The bone fat obtained by the boiliiig-out 
or stoaming-out process can be used for soap 
making: tiie fat obtained by tho extracting 
process is utterly unsiiitablo for that purpose in 
this country, on account of its rank suicU, 
On tho contment, however, such lionVinp- 
oxtracted fat iM*used up for soajj in small quanti- 
ties, especially when trio price of fatty materials 
is high. ThfT bulk of bone fat is, howver. used 
in candle works, where it is hydrolysed in an 
autoclave and subsquiiontly subjected to tho 
usual acidifying and diHtilling iiroccsses. 

Hone fat is an important articln of commerce. 
Tho chemical composition of bone fat lies 
midway lietween that of marrow fat and tallow, 
(^n account of tho largo amount of fatty acid 
contninisl in bonjj fat, tliis fat must lie examined 
by spei’ial methods, for which tho reader is 
referre<l to LewkowitHch, (yhoniical Tei^hnology 
and Analysis of Oils. 

Bone oil, fatty bone oil (not to bo confounded 
with Dippers oil), is tho luiuid portion d! bone 
fat which is sometimes prepared in tho same 
manner as tallow oil is obtained from tallow. 
Bono oil is userl as a lubricant, and in tho 
leather industries replaces ncat’s-foot oil in 
tho preparation of ‘fat lifjuor* and other 
emulsions. If siicli bono oil is^freo from fatty 
acids, it reprcHcnis one of tho best lubricating 
oils on account of its very low ‘ cold test.* 

J. L. 

BONE MEAL r FKRTiMHRn.q. 

BONE OIL. Ariinwloil; JHppeVsotl; Oil 
of hartshorn ; (Hrmn animih rvipyrpvmaiicum ; 
Ol*>um cornu crrtn ; Oleum IHppclit, {Knock’ 
e7iol, ThirroU CJor.) 'Fho product obtained by 
distilling bones in the preparation of bone black 
or animal charcoal. The first mention of an 
animal oil appi urs to be in tho writings of 
(J. (tcsncr, 1662, and of A. Li bavins (Alohemia 
Lib. JI , Tract II.), 1696, whilst J. H. Glauber 
(160*1-1668) also deHcril>eH tho unpleasant- 
smelling oil dcriyc<l from tho distillation of 
animal parts. Apparently the first consistent 
steps in an examination^f tho oil were made by 
Johann Dipnoi in 1711, and afterwards by 
O. UnverdorVn (1826), who isolated from it 
four bases which he described as odorm, animin, 
olanin and ammolin. Tho investigations of 
Andorson (Trans. Roy. Soc. Edin. W, 123 ; 463 ; 
20, 247 ; 21, 219) were thffirst jjp which th^pure 
P 3 rridine bases present in the oil, wore obtained. 

• The bones are first boiled in a largo quantity 
of water, which removes greater pa^of the 
fatty matters ; tHey are then roughly dried afd 
are subjected to dj 7 distillation in iron retorts. 
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•imilar to thone Qued in the mnn'ifacinre of coal 
gas. Bone Vjlack or animal charcoal remains 
Mhind and bone oil distils. The products of 
distillation are rondu<‘tc<J through long iron 
tubes, which act i4* conrlcnsers and Icm into 
receivers, where the crude Iwne oil collects, 
together with water. The gases are then passed 
into a separator contaiiiing sulphuric acid to 
retain ammonia, an,d can afterwards he use<l for 
heating purposes, or, if passed through poriRers, 
for illumination. The crude oil is separateil 
from the aqueous distillate and is subjected to 
rcflistillation. The arpieous liquid consists of a 
«iol ition of ummoniuin Hulphiile, ammonium thio- 
cyanftt * and cyanide, arnirinriium carbonate, and 
small quantities of very volatile organic bases. 
'I'his is treatiMl with Hiilphiinc acid and afterwards 
distillefl with slaked lime 'I'he distillate, on 
treating with aoiid potash, yields large quantities 
of ammonia, whilst some oily bases separate out, 
and are afterwards worketf up with the bases 
ryniained in the crude oil. This latter is a 
dark-hrown, neafly bla< k liijuid, liaving a foetid, 
most otTensive sriiell, and a sp gr. 0‘070. 

On siibjei tiiig it to redmtillation it lx>gins to 
boil at H0'‘, when quantities of aininonia come 
over together with an qil. 'J'ho temjierature 
rises very grii<lually to about 250"’. From 
I HO" upwarus large quantities of ammonium 
cyanide and ninmoniuin carhf)nato Hublimo over, 
and care has to be taken to prevent the con- 
densc'r being stopiMul up. A black resinous 
tar remains, wbicli is cmplpyed in making 
Brunswick black 

Th(^ following substances have been isolated 
from bone oil by fractional distillation com- 
bined with treatment with acids to separate 
basic Trom non basic constituents: — 


ahtrf ff)n»titurntti 
Butyro nit tile 
Valcro-iittnlc 
llexo nitrile 
Isohexo-iiiinlo 
1 >eco-nitnle ' 

Falmito nitrile 
Stoaronitrilo 
l\vrr4>h' 
ethyl pyrrole 
Ihmet by f- pyrrole 

I [ ydrocarbons { ( ' | o ^1 1 • 
H’i.Hm 


iS uhuttf utrtf ton/ftituenU 
Methvlaniine 
Kthylarnino 
Anifino 
pyridine 
Nfetliyh pyridine 
l>i met hyl-py ndine 
Quinoline 
Phenol 
Propionitrile 
V’alernmidc 
Toluene 
Ethyl- iK^nzone 
Naplithalene 


(Weidel and C’iamu inn, Bor. 13, 05) 

/^s to the formation of the various compounds 
in bone oil, the nit nit's are formed by the action 
of ammonia on the fatty aeida, pyrrole and the 
pyrroles are the pnaiucts of decomposition of the 
geUtinuus substances, and pyndine and its 
derivatives are contieiisation pn^lucts of aero- 
U'in, from the dry distaMation of the fats, with 
ammonia, methyramine, &c. 

Pyrrole. TKat portion of the non- basic part 
of bone oil boiling at contains pyrrole 

and its homologues. Piamician and Dennstedt 
(Bor. 1886, 173) purify the crude pyrrole by 

beating for many hours under reflux with solid 
eausVib alkali, 'until the solid mass becomes 
fused. After cooling, the unaltered oU, is 
scparo*«d from Uie sejad residue, and the residue 
powdered and washed witl^ absolute ether. 
Water is added and the mam distilled in a 


current of steam whep the pyrrole distils over. 


The (ractioci 140"-t50° eoosists of a mixture of 
homopyrroles — i.e. methylpyrroles. That above 
150*^ contains dimetbylpynole. To separate 
the a- and jS- derivatives, the mixture is 
converter] into the potassium compound by 
fusion with potash, and heated in a current 
of carlx>n dioxide to 200®. Two isomerio homo- 
pyrrole carlxixylic acids are formed, which differ 
in the solubilitv of their lead salts. a-Homo- 
pyrrole'carboxylie acid melts at lOd'5®, and its 
lead salt is very soluble in water, differing from 
the which melts at 142*1®, and forms a 

slightly Boliiblc lead salt. The acids obtained 
respectively yield on distillation with lime the 
corresponding methy pyrroles. a-Homopyirole 
boils at 148® under 750 mm. pressure, and 
homopyrrole at 143^ at 743 mm. 

The constitution of pyrrol • is represented as 
follows 


the positions 2 and 5 and 3 and 4 being known 
as tfio a- and /5- positions respectively. It boils 
at 130®-13F. and its spgr is 0 0f52 at 12®. 
Hefrof tivc index 1-5074 ((iladstonc, ('hem. 
Soc. Trans 1SH4, 240) It is slightlv soluble in 
waU'r, icadily solubie m alcohol and ether, it 
is a weak base, and is only slowly dissolved by 
dilute acidH in the cold, it also [lossesses faintly 
acidic projMTticH. 

By the ai-tion of iiHline on potassium pyrrole, 
tetniMtopyrroIc is formed, which crystallises in 
yeliowisn- brown •prisms and decomposes at 
about 140 . It acts like iodoform as an anti- 
stqitic, and h known a.s lodol. It has the advan- 
tage over UHloforni of l>eing free from smell. 

I’yrrole has been 6»ynthesised by passing 
aeet\lene and ammonia thrr>ugh red-hot tubes ; 

also by distilling the ammonium salts of mucic 
and sacchanc actd.s Siiccinimide, on heating 
with zine-diist containing zinc hydrate, also 
yields pyrrole 

(!fI,-^\> C'll-CH 


\nH+2H,= 


Oil. 


-(*0 


\nH+2H,0 

OH^OH 


Most of these methcKls give only a small 
yield of pyrrole, but Khotmsky (1009) obtained 
a 42 p.c. yield by heating ammonium mucate 
with an excess of glycerol, saturating the mixture 
with ammonia at 270® and then distilling at 
320®«30®. 


IVtassium dissolves in pyrrole with the 
formation of potassium pyrrole C 4 H 4 NK, a 
substance insoluble m ether and decomposed by 
wate>r into pyrrole and potassium hydroxide. 
This substance reacts with alkali iodides to form 
substituted pyrroles ; e.g . : 

N Methylpyirole. C 4 H 4 N CH, : boils at 113® ; 
sp.gr. 0*0203. 

N.Ethylpynole : boils at 131* j 

Rp.gr. 0*0042. 

N-Phenylpyrrole C 4 H 4 N*C 4 H 4 , obtained by 
distilling the anilides of mucio and saccharic 
acids, melts at 62®. The homologues of p 3 rrrole 
contained in bone oil are, however, all substi- 
tuted in the group C 4 H 4 . , 

Pyrrole bomok^ucs may be prepared by 
Paal's method, which conaiats in tpe condensa- 
Uon y-diketMiee (e.y. aoetonyi-aoeloiie) with 
ammonia: 
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m 


cu,<x)<;h,*ch,<x><h, 

CH CH SlU C!I-CU 

*^11 li li 9 

CH.-C .C t’H, ^C CH, 

OH HO NH 

By the action of bou/ulchloride uu p> rrole in 
presence of sodium a plK*ii\ 1]>> ndino is obtained 
in which the phoned is m the meta< position to 
the mtrogen (Ciamicisii and Silbcr, Bcr. 20« lUl). 

By reducing pyrrole with zinc and acc^tic acid 
A* pyrroline u produced (Bcr. 1901, 3952). 
Electrolytic reduction to the same substance 
may be effected by HUM|)ending pyrrole in thlute 
sulphuric acid in the cathitdc cell of an electro- 
lytic apparatus, the cathode lieing lea<l, and 
iwssing a current of density 1 amp. |H'r ii<[ cm. 
Homol^ues may l )0 similarly reduced (1). K. 1*. 
12708H, 1002). The stninger nMluction of 

pvrrole, by means of hydr.LKlic acid and phos- 
phorus, or by passing pyrrole vapour inixtHi with 
nyilrogen, over reduced nickel at 18U'\ conveits 
it into pyrrolidine (tetrahydro pyrrole) 

Xssceiit hydnigen converts pyrrole into 
p^’rrolino OiH^NH, a liquid boiling at 91 which 
uiasolvi^s easily in aster. It yields, with nitrouH 
acid, a mtrosoamiuc NO, m p. 37 . 

and on heating with methyl iodide gives meth^ 1 
pyrroline (Bcr. 10, 1530). 

Pyrrole is rearlily oxulistnl to nudftmuU 
C'^HjbiN, which forms faintlv yellow crystals, 
melting at 93', and re^ulity vields a Hihrmntdt^ 
melting at 220' under the iiiAueiice of light and 
bromine water (Atti. U 1904, (v ) i 489). « 

The action of formaUlthydf and rntthyUnt 
chhnde on pyrrole is <les< nbed by PicU't and 
Uilliet (Bcr. 1907, 1100). 

By the action of chhrofonn in absolute ether 
on the potassium denvative of jiyrrole, /J ehloni- 
pyndino is obtaintui. 

Pyrrole derivatives condense with aldehydes 
under the following conditions: (1) When the 
dcrivativeji ('rmtain at least one hydmgcu atom 
eoinbmecl with a carbon atom of the nucleus, 
either in the a- or position; (2) aheii bith 
a* and positions are ot'cupied by substituent.'^, 
no combination ticcurs evc*n if the iiiiinw* hjdro- 


NO,<\Hi'^'» • 4 2KIH) i 4li 

-KjCOjUlljtlirjlrN 
or from o-aminophen^'laootAmido by internal 
I condensation to Urn amino-indole and suban^ueut 
reduction with sodium am^am (Psi'horr). 

I It ciystallisea in coloitrl^ lamina*, melts at 
52°, and is soluble in hot viater. It behaves us a 
' feeble base. On treatment with smliuni ethoxule 
I and ehlorofonn it is conveii^Ml into quinoline. 
The indole iuoUh'iiIc is ruthe; ditlieult to oxidise, 

! without more or less eumpletc deeoin|>OHition, 
but if It bo first converlwl into l-Umroyl indole 
then on oxidation in aeeUme solution by 
|>otassium |iormangaiiato it > ields * lamsoyl 
anthramlio ueid rt*adily, from wiiieh anlhranilio 
acid IS easily obtained by hydrolysis. ’In a 
similar manner halogen suhstituUnl indohm oaii 
be obtained by the direct action of halogen on 
the benzoyl iiitiolo in carbon bisulplihlv solution, 
followM by hydrolysis of the bi*nzoyl gn)ii]> with 
aqueous ammonia (\^'elssgerlM*r, Ber. 1913, 49, 
651). When largo quantities of indolq iiru 
distillcnl, H small quantity of high boiling H'sk^io 
IS left Is'hiiid, this is a"titme*vo form of imlolu 
(Keller, Ber. 1913, 49, 729). Nubbtituted indoles 
may' prepared by the action of heat and a 
catalyst (zinc chloiide or cuprous ehloruie) on 
tho hydruzones of aldehydes and koiones c.*j. 
methyl ethyl ketono phenyl I lydrazoiie at 
with a trace of cuprous chloride yields 
2 3 dimethyl ituiolo (Arbuzor, J. Kush. Vhys. 
('hem. iSoe 11^3, 45, 70). Primary and 

secondary iimmcs on cotidensaiioii with 
mesoxtiirc esterv also yiidd suhstituUMl imiolo 
derivatives; thus from anilJiie, dioxindolo-3- 
<arboxylie luid is obtained, from which dlotiii* 
<iolo results on hydrolysis of tho earboxylic, 
acid ester iir tho absenco of nir (tjuvot and 
.Martinet, Compt. rend. 1913, 159, 192o) 

,/\ (lit)), (’ COOK 


0 .., 

-‘0 


r(C)ii)CuoH 

CO 


CH( 


gen is prcHcnt ; (3) py rrole dei iv atives containing 
more than one t'H grouo in the ring may com- 
bmo with aldehy des in molof ular pro|K)rtiunH(Ber. 
1902, 1947). On the constitution of the trxpvrrole. 
obtained by passing dry hydrogen chlonde into 
a benzene solution of pyrrole, see 3'sehelineev , 
J. Russ. Phys. Chem. Soc. 1915, 47, 1224. 

Indole is obtained by dis- 

solving pynole in 10 p.c. sulnhurio acid, allow- 
ii^ the mixture to stand 1-2 hours, and then 
distilling in steam after adding excess of sodium 
hydroxide. Diethyl indole prepared by this 
process is a riscid ill-smellmg oU, boiung at 
270°-310° (D. R. P. 125489). 


Nil Nil 

Pyrrole may be convcrtexl into trlramelhijlrnn 
diamuie as follows. On treatment with hv- 
droxylarniiie, a soliil compound, probably the 
dioxime of succinaldehy de, is formed, and this, 
hy reduction with sodiuin and alstolulo alcohol, 
yields tetramethy lene diamine. 

Pyrrole derivatives of the constitution 
EtOjjCt: (’Me • 

^NtVUNO. 

IK! CPh 

have been Kynthesiml from tho three ^itro- 
aiulincs hy the action of ctbyiphonacyl acetate 
(Ber. 1907. 1343). 


Pymile may also be converted into indole , In addition, a large number of pyrrole 
by dissolving in dilute hydrochloric acid, j derivatives has lieen synthosisod by J’aal and 
adding slight excess of ammonia, filtering, ; Braikoff (Ber. 1890, 1089, and also Ber, 1889, 
exUacting the filtrate twice with ether, and , 558, 3159). 

heating the tripyrroline obtained in the cxtnwt >' Tho physiological action of . yrndo and iU 
to above 300°, when indole and pyrrole result | derivatives is characteiised 1/ their paf«ilysing 
(Ber. 1894, 470). action on the peripheral nerves connected with 

Indole may also be obtained the reduction ] meobaniam of tike heart. By the introdne- 
ol 0-niliO|ik|ieoyl acetaldehyde, by fusion of o-ni- tion of a side group, su6h as, for uurtJbce, tiie 
trociimamio om with iron anc* caustic p vtash ! inaoUve pyiidiM ring, the physiological efEsot is 
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greatly intenfiiied. The action of 1 -methyl 
pyrroiidine roeombles that of nicotine, atropine, 
or cocaine, aa might be anticipated from their 
Bimilarity of oomititution (Ohom. Zeutr. 1902, 
ii. 390). 

* ChlorO' and Bltmo- Pyrroles. Sulphuryl 
chloride in excess acting on an ethereal solution 
of pyrrole at 0^ produces pcnlachlorojjyrrole m 
nearly theoretical yield ; b.p. 209^' or 142710 mni. 
If two molcculoH oi^ly of sulphuryl chloride are 
used, followed by broinine (2 iiiols.), chloro- 
trtbromopyrrole (/'.NlIBrjC'l is obtained, which 
separates from light pelrulcuni in large ]>rismatic 
masses of a oink colour. 

Sulphuryl ciilonde (3 iiiola.) followed bv 
bromine (1 mol.) gives ihchlorodibr<yinopyirole 
UfHNCljBrs, which crystallises in large shining 
scales decomposing just above 100’ ((lu/.?. chiin. 
ital. 1902, 313). 

ccncu, 

I'richloromonobromopyrrole | 'Nil 

(;Hr:a’K 

may* bo obtained by the action of sulphuivl ' 
( Iflorido and brymine on ethereal solution of 
[»yrrolo at O’. It crystallises in iiionocliiiic 
jirisms with yellowi.sh-rcd loUcx, tinning brown 
at lOS*^, and melting and decomposing at lir>'' 
((.la/./.. cJiini. ital. 1902, 31^ ; 1904, ii. 178). 

Monohalogcii d<‘nvativi‘s of jiyrrolc may be 
prepared by tfic action of magnesium meth\l 
iodide on u secondary pyrroli*, followed by 
halogen at low tempeiaiuic (ll(*ss and VVissiiig, 
Her. 1914, 47, 141(0 

15r « 

Ij II ur II II., V il 

\.Mg\ \/Hr 

NMgX Nil Nil 

These compounds arc very unstable, and'dc- 
compuiJb even on koejiuig ; thus, bromo- 
pyirolo explodes violently even when kept m a 
sealed tune, decompoHing into carbon aiul 
uwmoiiiiiiii bromide. 

'File dimethylpyrrole contained in tlio fraction 
of bone oil boiling above 150*^ lias been obtained 
synthetically ascfolJow's : By the action of am- 
monia on diacetosuccimc ether, the ether of 
climeihylpyriole dicarboxylic acid is obtained 
'i'liis, on saponiiicutioii, \ieids the acid, and, on 
heating, eaibon dioxide i-i sjiht olT, leaving di- 
mothylpyrrolc. It has the composition 
t’li- 

I \nh 

0U.-U0H, 

and 18 an almost colourless oil boiluig at 1()3°. 
It IS 1‘cry volatile with steam, colours a pine 
splint an Intense red, and yields on boiling with 
acids a pyrrole-rod similar to other pyrrole 
houiolo{;ues. 

i^roleoarboxylic acids C4(NU)H3CO,H. The 
a-acid is obtained from a-homopyrrole by fusion 
with potash or by the action of tetrachloride 
of canion and alcoholic potash on pyrrole. It 
melts at 191'’, and differs from the /3- acid in I 
forming a soluble lead salt. On heating with { 
acetic anliydride, the substHnee py roc oil 
rC4H,-N— CO 

^ I 

to — n«C4H, 

is formed, which is a nroduct obtained by dkf- 
tillin g ffOatme fBer. 103). 

SdPyROlMarDOxyUe add la f dbned by f naing 


^-mcthylnyrrole with potaah. It oryatalliaea in 
fine needles, melting at 162°, and forma an in- 
soluble lead salt. 

N-Acetylpyrrole C4H4N *0,11,0, obtained by 
the action of occtyl chloride on potassium 
pyrrole, is an oil boding at 178°. It is decom- 
posed by alkali.s into jiyrrole and acetic acid 
(Bcr. 16, 2352). 

O-Acetylpyrrole C4H3(CaH,0)(NH) is formed, 
together with the foregoing, by acting on pyrrole 
with acetic anhydride. It melts at 90° and 
bods at 220°, but is not decomposed by alkalis. 

A di -indole lias been obtained from di-{ortho- 
nitrophcnyl-broino) ethylene by reduction with 
stannous chloride to the corresponding di-araino 
compound, followed by elimination of hydro- 
broinic acid, first by boding for a short time with 
alcoholK* picric acid and subsequently with 
alcoholic imtash (lluggli, Ber. 1917, 60, 883). 


fUr NII4 


0 


Pyridine C5H4N is contained in that fraction 
of the basic oils of bone oil winch bods below 
120°, but IS also found m smaller quantities m 
the higher fractions. It can be separated in 
these by means of its pierate 

(!,H4N,C4H,(NOa)30H 

which melts at 162°. It is not easUy acted on 
by o.xulismg ng(‘tits, and can be separatod by 
this means fiom the other coiiqioneiits of the 
fraction. 

It IS foimed from all pyndinecarboxyhc 
acids by distilling with lime. 

The following are some of the synthetic 
method'> for preparing p^ndinc and its homo- 
logU(*.s ; — 

I Hvilrocyanic acid and acetvlenc when 
pas.M'd through a red-hot tube yield pyndmo 
2(7H,f JlCN-C’jHjN 
(Ramsay, Ber. 10, 736). 

2. Isoainyl nitrate when heated with phos- 
phoric aiih^ lirido yields pyndme 

CjHiiONO.-l-aP.O^-CsH.N-fGHPO, 
(Chapman and iSmith, Ann. Suppl. 6, 329). 

3. Aerolein ammonia, on heating, gives off 
water yielding methylpyndino 

C4H,N0=C4H4(CH3)X + H,0 

4. The same compound is formed by heating 
allyl tnbromide with alcohohe ammonia at 260° 

2C,H4Br,+NH,=C4H4(CH,)N+6HBr 

6. Glycerol and acetamide, on heating with 
phosphorus pentoxide, yield methylpyndine 
(Ber. 16. 528). 

6. Potassium pyrrobs on heating with chloro- 
I form, ^elds chloropyridinc^ 

7. Ethyl aoetoaoetato, heated with aldehyde 
ammonia, giFea dihydr^ollidine dicarboiylao 
eater i> 
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=C*H,N(CU,),(C0,C,H,),+3H,0 
(Ber. 17, 1521). 

8. G uarcdchi has obtained compounds of the 
pyridono t>po by condensing alk^d aceto-acetio 
esters with cyanacetic esters and ammonia 
CH.CO HgC'CN CilgC — ----C-CN 


CO OR ROOC CO— NH— CO 

HgNH 

0. Kuhemanu has also obtained tlio pyndono 
typo by the cundenbatiun of alkyl dicarboxy- 
glutaconic esters witii ammonia 
RC Cl34-3CHXa(COOIC)g 

-=Cli3(COOR')g+3x\aCl 

4 (ICOUClgC ; ('U*Cll(COOR0, 
(R'OOC)gC : CR CJl((^0()lV)g+NH3 

= R'OOCC-CR— CllCOUlC 

to NH-i’O + 2R' <tll 

10. Cinnamenylidino acetoxime on distilla- 
tion is converted in a-])henyl-a'-mcthyl pyridme 

cii— Oilmen 


CgUgClI HON-=C CUg 


-CiI=CH 


HgO -f II I 

C.HgC N=CClIg 

11. Pyruhne bases are obtained by the con- 
densation of ketones with acid amides (Pictet and 
SStehclm, Coinpt. rend. 1010, 102, 807) ; thus 
by heating acetone (2 mols.) with acotamido 
(1 mol.) at 250*^, 2.4.0-trimeth}i pyridine is 
foi mod, whilst triphenyl m ridiiie results similarly 
from acotophenone and uen/amido. 

By heating a mixture of glycerol and 
ammonium phosphaU*, a mixture of a largo 
number of pyndino bases is formed. /J-methjl, 
j3-ethyl, probably )3-propyl, pyiidiiie, bcsuies 
pyndino itself and liomologues of the iliaznie 
C4H4N1, have been recognised (iStoehr. J. pr. 
Chern. 18l>2, 20). 

Pyridine is a Jniuid with a pungent smell, 
miscible with water; sp gr 0 0855 at 15% and 
0'1)044 at 4*^ ; and boils at 115 2 /TOO min. it 
forms a hydrochloride CgHgNyHGl, and a platini- 
chloride (CjHgNHCllaPtCli. Sodium amalgam 
yields piperidine, t.c. hcxahydropyriiiiiic, 
which is reconverted into p^iidiue on oxidation. 
It forms an ammuiuum iodide with alkyl iodidc.s, 
and with chloi acetic acid a pyndino- betaine 

By the action of sodium on 

pyridine a d i p y r 1 d 1 11 0 C , 0 R 1 j hi obtained, an 
od boilmg at 280'"-28i°/744 miii., which on oxi- 
dation with permanganate yields iso uieo time 
acid. Togemer witn dipyridme, a body j^-di- 


pyridyl is formed which melts 

at 1 14'^ and distils at 1 1 aLo yields isouico- 

timo acid on oxidation, and on reduction with 
tin and hydrochloric acid forms isoniootine, 
which melts at 78** (Ber. 10, 423). 

Sodium reacts with jiyridme at ordinary 
temperature (best in an atmosphere of mtrogen) 
to form dipyridme sodium (C3H.N)3Na, which^ 
on heating to 130^ is transformed into pyridme 
sodium CcHgN'Na (B. Emmert, Ber. 1014, 47, 


The isomerio tn-dipyridyl is obtained from 
m-dipyridyldicarboxylio acid (by oxiihsing phen- 
anthroliue). It boils at 203'^, and yidds on 
reduction with tin and hydrochlorio acii 
mcoiuiine C.0H.4N-, whieli boils at 228® (Her 
10. 2521). # * 

Pi{>eruline between 180® and 250® is convertec 
into pyridiiio m piesence of nickel ; pyriiiine 
when passtnl together with hydrogen ovei 
reduced nickel at 100®-l80J, yields Rmylainme 
not piperidine, and this in pour yield. At highei 
temperatures ammonia, pentane and lowei 
hydrocarbons aiv obtained (Sabatier and Miiilhc 
(’oinpt. nmd. 1S)07, 784). 

Pyridine may advantageously bo cmployei 
as a halogen earner in halogenation of aramatu 
compounds (Cross and ('uhon, Chom. Soe. Proo 
11K)8. 15). 

The eompuiind of pyridine with methy 
iodide, when added to a solution of the neees 
sary amount of iodine in ulenbol, in eoiiverit c 
into ]>yndino methy Ipentiodide 04il5X(Mel)l4 
melting at 47*5’. VariuuB other periodidei 
aie described by Pieseott -^nd Trowbridgi 
(J. Aincr. Chom. Soe. 1805, 850). 

Acetyl and ben/oyl chlorides if quite purr 
do nut react with pyndiiiu in the presence ol 
anhydrous aluifumu^ chloride, but if u tract 
of ihumyl chloride bo introduced, then the norma 
ketone production takes place (Wulffonsiein anc 
llaitwich, Ber. 1015, 48, 2043). 

Double cornpounds with zino bromide 
nickel bromide, copper bromide, and silvei 
iodide, are fornied, but are rather unstabk 
(Coinpt. rend. iKOl, 022). 

The physiological action of pyridme is Hirnilai 
to that of pijicruiinc, but more energetic. Botli 
produce paralysis of the motor neryes, by theii 
effect on the motor centres. There ffro alst 
destructive changes in the blood corpuscles, and 
paralysis of the heart, especially in pyridine 
poi.sonmg (Clicm. Soe. Abstr. 1801, 003), 
It IS excreted as mcthylpyridylaminonium 
hydroxide (('heui. Soe. Abstr. 1803, ii. 544). 

'I'ho double comuouiid of uyfidino with silvet 
nitiato AgN03’2CjHgN has been recommended 
by Witt as a ripening agent for pliotogra^ihio 
emulsions (J. Soc. Cliem. Jiul. 1904, 235). 
Lii[)pe-('ramer, however, denies that it has 
diiy advantages over the ordinary ammonia 
ripening (i6t(/. 1900, 197). 

.Sulphurous acid esters of pyridine, which 
may he obtained by lieatmg under a reflux 
condenser with excess of a bisulphite solution, 
are useful m the prepaiation of dyestutfs, and 
I are also used as medicaments (D. R. P. 5^8038). 

A pvndmc-2.3-thiophen has been ootained 
111 small (quantity by the application of the 
.Skraup reaction to 2-aminothiophoni using 
2-iutrotluophcn as the oxidising agent 

I "II II 
\/ 

N S 

(Steinkopf and Lutzendorff, Annalcn, 1914, 403, 
45). 

On heating pyridine with cc'jiceriirated sul- 
phuno acid to 300®, /9-^ridirM-sulphonio acid is 
obtained. The sodium salt of this acid, distilled 
4vith potassium cyanide, yields ^-pyridyl 
cyanide, wliiob on hycUblysis forms n* cot into 
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Hulnhonatioa of the |)yri(lino nucleus can be 
carried* out more readily in the presence of 
vanadyl Hulphato. 

Pyridine may be directly nitrated by heating 
with a mixture cifafuniing nitric and fuming 
aulphuric acids. Pyridine nitrates more readily 
if an amino group w prcHciit, ejj. 2'amino- 
pyridino nitrates nearly u.s readily aa aniline. 
The nitro pyridinca resemble the nitiu-anilinca, 
arc yellow m colour vnd feebly baKic. 

Pyridine may Iks CHtimatcd in atjucoiia 
solution by heating with excess of gold chloride 
and dilute llUl, <‘\aporating to dryness and 
heating the after re[>t‘ated washing with 
pure dry ether. The ppt. has the eomposition 
C.H.N-UCl AuCl, (f.'oinpt. rend. UKW, 324). 

Pyridine can Ihj rcpresenUid ns a benzene 
ring m wliKili one ('ll group is replaced by mtio* 
gcu accoithiig to the following scheme: — 

4 

C 

'"li r’ » «■(’> 

N N 

I 


rVKlDDTK MoNOCABBOXYUC AcODS 

C5NH*(C0,H). 

a-Pyridlnecarboxyllo aeld (2- or ortho ), 
pieolinic acid was first obtained by oxidising 
I a-picoline. It is easily soluble m water, crystal* 
lises in white needles, melts at 137**, and sub* 
limes. By the action of sodium amalgam, 
ammonia is given of! with the formation of an 
acid (oxysorbinic acid). 

3-Pyridinecarboxylie acid (3- or meta*), ci^ed 
jiicotinic acid from the fact of being first obtained 
by oxidising nicotine, is also obtained from 
/3-mcthyl- or cthyl-p>ridine, from i3*pyridyl 
cyanide, and from three dicarboxylic aci^ 
of pyndino (quinolinic acid, einchomcronio 
and, and tsocinchomcronic acid), which on 
heating give of! carbon dioxide. It crystallises 
: in mN.‘dlcs and molts at 232'*. It is readily 
' soluble in hot water and m alcohol, but la 
insoluble in ether. 

v-Pyridinecarboxyllc acid (4> or para-), iso- 

nicotinic acid is obtained from cmchomoronic acid 
and 2 : d-nyridmcdicarboxylie acid on heating, 
and also oy the oxidation of all 7-substitutcd 
pyridines. It melts at 200 5 ' with sublimation 
or at 315‘^ in a closed tube, and crystallises from 
hot water in fine needles. 


The positions 2, 0, and 3, 5 are known as 
ortho- and rneta-, and 4 as the para- pOHiiioti 
Hence thn*(j mono- dt'nvatives of pyiidine are 
possible. The position of the suhslituting groups 
in tliesi' iHomendos has lieen piox'd by means 
of the phen^lpyiidines obtairie<kfrom the iiaph 
tUaquinolinus (Moiiatsli. 4, 437 ; Her 17, 1518) 

I1\I)RU\Y- HlSIllVATlN KS (n I’^iUniNK. 

Thee three possible h^ilioxypyridmes are 
known ; — 

a-Hydroxypyrldine, a pyridone, by distilling 
the silver salt of h^droxyiiuinolinic tioicl ; melts 
at 107", and eoloiiied reil h\ ferric chlunde. 

/3-Hydroxypyrldlne is formVtl from the p sul- 
phonic acid hv Rising with potash. It melts at 
123“, and is al*<o coloured reil by feirie eliloridu 

7-Mydroxypyrldine or 7-pyridone (winch is 
probably not a h^dio.\,>l- but a carbonyl com- 
pound) is obtained fioiii hydrt>xypieolimu acid 
with ovoJiitiun of ('(»,, It melts at 14H'’ or at 
02° in tlie hvdnitiMl form, and is coloured yellow 
by feme chloride (Her. 17, Kef. 100), 

AAliJS’d- Ptiuni.NKS. 

Of the throe possible ammopyridines, two 
have been dofinitcly isolated. 

1. —^miaapyrtatns is formed by the distilla- 
tion of 2-aminopyridino-5-earboxvlio acid. It 
melts at 50° and boils at 204**. It is not 
diozotisable, but on treatment with concen- 
trated hydroehlorie acid and nitrous acid ydelds 
2-chloropyridine. 

2. — «4nii»opyrKftN« is formed by the action of 
sodium hypobromite on the atnido of nicotinic 
Kcid, or by the action of sodainide on pyridine 
below 120^, and decomposition of the resultant 
product With* water ; the further action of 
»odanu(je yields! 2 ‘O-dKaminopyndine, -which 
oouploB with diazo-compounds (Tschitsohibabin, 
J. buss. Phys. Chem. Soc. 1914, 46, 1216/: 
It melttf^at 62° and boi^s at 250°-£52°. It is a 
diaaotiiable base. 


llYOBOXYl'YRIDlNK-MONOrAllUOXYLId ACIDS. 

Several of these acids have lieen prepared 
cdther synthetically, by heating komanic 
acid ('^11404 with ammonia, or from the du'ar- 
boxylic acids by splitting ol! 1 mol. of carbon 
dioxide (Bcr. 17, ftlSP). 

Komenamtnlc acid (’5NH3(()H)aC00n,2H40 
IS obtained by boiling komcme acid C(|H40| 
with ammonia. It ilciumposes at 270° mto 
carbon dioxide and dihydroxypyridine. 

PiBinihE-im AUBoXYUc) Acids t\Xlf a(CO,H),. 

Thu acids of thi.s tyjio may be obtained as 
follow 8 : — 

1. By the oxidation of disubstitutod pyri- 
dines, containing aliphatic sido chains ; or of 
iiioiiosubstituted monocarbo.xyhc aenb. 

2. By heating the tricarboxylic acids. 

3. By the oxidation of quinoline and its 
hoiiiuJoguos. 

4. By the oxidation of various alkaloids 
(ctnehomtie, cinchoiudine, &e.). 

Quinolinic acid (a/3- of 2:3-) is formed by 
oxidising quinoline. It decomposes and softens 
at 190°-195“, solidifios at 2U0°, and molts again 
at 231°. It decomposes on heating into carbon 
dioxide and mcutimc acid. 

Cinchomsronlo acid {^-orS : 4- ) is formed by 
the oxidation of the quinine alkaloids with nitne 
acid, or from /Sy-nicthylpyTidinccarboxylic acid 
on oxidation with permanganate. It melts at 
259°, decomtiosing mto carbon dioxide, iso- 
nicotinic acid, and some nicotinic acid. 

Lutidinie anld (ay- or 2 : 4-) is obtained, to- 
gether with some Mocinchomeronic acid, by 
oxidising lutidine. It melts at 239°«24(r 
(Voigt, Annalen, 228, 54), 235° (Ladenbuzg, 
Atin^on, 247, 27), decomiKKiing into carbon 
dioxide and Monicotioic acid, 
t /soetiMlioiiieronle aeld {$a'-) melto at 236°, 
decoinposing into carbon dioxi^ and nicotinic 
acid (Werd« and Bfindg, Wiener Almd. B. 1879, 
825). . 
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IMearboxylte Mid or DUfeolInle add- 

By heating to ISO"" ^-pyridino tctracarboxyhe 
acid obtaiim by oxidiamg the lutidincarboxvlio 
acid, prepared by the condensation of isobutalde* 
hyde cthylacetoacetate and ammouia. The 
acid does not melt at 285^ (Mantzsch and Weiss, 
Ber. 1886, 19, 284). 

Diearboxylle aeld (aa^) or Dipleolinie acid. 

Obtained by oxidumng 2 : 6>diiuethyl)>yndine. 
It molts at 243'' (Kustein, Annalen. 231, 32), 
decomposing into carooii dioxide and pyridine. 

Hydbuxvfvbidine dicakboxylic Acids 
a5NH,(OHKCO,H)*. 

Hydroxyquinollnlo add r()K:(COtH),^- 
(a' : a : ^)]. By fusing ^umolinio acid with 
potash. It blackens without melting at 254'' 
(Bor. 16, 2158). Heatcil aith water to 195'' it 
decomposes into carbon dioxide and hydroxy- 
pyndinocarboxylic acid. Its silver salt on 
neating yields a- hydroxy pyridine (Bor. 17, 600). 

Ammonloohelidonio add is obtained by heat- 
ing cbelidoQic acid with ammonia. 

PvUlUlNE-TUU'ABBOXYLK A<’ll)S Cb^I Hj((’0,H)g. 

(tjSy Tricarboxylio add, Carbocinchomeronlo 

add, is formed by completely oxidi.sing the 
quinmo alkaloids, also from y-muthvhpiinolmo 
and from y-quinoJincearboxylic acKl. It loses 
IjlKjO (of crystallisation) at 115 -120°, and 
melts, if quickly heated, at 260' (Annalen, 
204, 308). 

a/}j3'-Tricarboxyllo add, Carbodinieottnio 
add, is obtained from /S-qiiinolinccarboxylio 
acid. 

The six tncarboxylio acids tlieoretically 
possible arc known and chiirticicriHcd. 

PyU 1D1>'£ TKTIUI’AIIMOWLIO ACIUS 
CBNH(Ca,U)B. 

a^u'jS'-Tetracarboxylle acid. By oxidising 
the lutidjiiedicarboxylic acid formed by tho 
condensation of Mofnitylaldehyde witli ethyl 
acctoacctatc and ammonia (U an t/.si h and Wciss, 
Ber. 19, 284). 

The acid obtained by oxidising coJIidiiic- 
monocarboxylic acid crystallises with 2 mole- 
culos of water. It docs not possess basic pro- 
perties. Energetic oxidation converts it into 
oxalic acid. 

l^ridtne-pentacarboxylic add CsN(U(>Bii}B 
from tniucthylpyndinordicarboxylic a< id. I’rys- 
tallises from water with 3 HbO. Decomposes 
without melting about 200°. 

UAX.aQEN*DEBlVATl\ES OF PyBIDINE. 

a-Chloropyriditie results from the action of 
PCI* on a-hydroxypvndine ; is an oil boiling at 
166^714 mm. (Ber. 1891, 3160). 

^Chhropyndine By the action of chloro- 
form or carbon tetrachloride on potassium 
pyrrole (Ber. 14, 1163) is an oil; b.p. 1487743 
mm. 

DiohlorO' and trichloro-pyndme are known. 

A dibromopyridtwi (^ff) has been obtaiiied 
by acting on coUidme-dtearboxyhe add with 
bromine and afterwards removing the carboxyl- 
groups (Pfeiffer, Ber. 20, 1349). It is identi^ 
with that obtaiiibd by acting on pyridine with 
bromine (Hofmann, Ber. 12, B88). 

a-PfooUne is tra^orme4 by aeeti^anhjrdride 




into piedidt C,t^lt40|N, which on heating with 
hydrochloric acid yields pyrindvU 0 «UtN, an 
isomerido of mdole. 

(Schultz and Fraude, Ber. 1913, 46, 1069). 

Homoluoues of PvaiDiNB. 

Pieollnd(a-mdAyfpyridiM«)C|N 111(011,). This 
base is separated from that portion of bone 
oil which boils between 130° and 146°. On 
subjectmg this to redistdlation, tho greater 
part of tho oil comes over botwoeii 133° and 
139°. It is not possible to effect a separation 
of tho bases by moans of fractional distil- 
lation, but a ditforeiu’u in the solubility of tho 
platinum salts of tho two bases furnishes a 
moans of separating them. Aoconling to 
Ladenburg (Bor. 1885, 47), oommorcial picolino 
consists of threo bases : a-mothvlpyrhlino, a 
bttie ^-mcthylpyndino, and prubaoly* o^-di- 
mothylpyridiiie. Tho sag^o observer ^or. 
1885, 61) has also noticed the presenco of 
pyndino in tliis fraction. It can be seiiarated by 
means of its picrato, which melts at 162''. 

Picolino boils ^at 128^8'7760 mm. ; is an 
optically inactive oil, and on oxidation yields 
picolinic acid (v. supra). 

^-Methylpyrldine may bo synthetically pro- 
pared by heating acetamide with glyoond and 
phosphurie anhyunde. It bods at 143 '6°, and on 
oxidation yields nicotinic ai'id. It also diffiTS 
from the a-dcrivative in l^ing slightly laevo* 
rotatory. Landolt shows lliis olTect to bo due to 
errors iti manipulation (Ber. 1886, 167). 

7-Methylpyridlne does not appear to bo 
contained in bone oil. It has twoif ubtamc# 
synthetically by the action of heat on aorololn- 
aiiiiiionia. and also from ullyl tribromido ; b.ri. 
143 r7760 mm. 

PkoUNIS .MONoeAUBO.VYLKi Al'lDS 

PicoUneoarboxylio acid ( pt/ruliuc-a-mahyl-y* 
carboxylic aetd) w formed from uvitomo acid, 
tho product of condensation of pyruvic acid 
and aminonia. It sublimes without melting, 
and yields on oxidation a : y-jiyndinedicar- 
boxylic acid. 

/iy-Metbylpyrldlne oarboxylio acid 

tCHa • 00,11 -7 : jS) is obtained by hoatiug 
methylqiiinoiinic acid to 180°- 185°. It melU 


at 212° (Ami. Chini. Phys. [6J 27, 493), and 
yields on oxidation cinchonicronic acid* 

>Six of tho ton possible picolino monocar* 
boxylic acids arc known and cliaraotorisod. 

Picouiix*DicA»jioxyuo Acids 
CBMt(CH,)(CX),H),. 

MstbylqulnoUoIe acid {(00,11), : OH.-aAy). 
By oxidising 7-metbylqttmoline with perman* 
ganate. It molts at 1867 giving oarbondioxido 
and 7'mothyl-/S'pyridino-oarbozyUo acid. 

Uvttonls acid {(CO.H), : is tho 

oondoniation prodDft from pyruvic 

acid and alcohiolio ammoniL It merits at 274*, 
splitting up into oarbon dioxide and piooline- 
oarboxyLio acid. • * 

PMliiMtearboiyile asM, from aldobydino. 
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the condenBation product, of ethylidine chloncle 
and aldehyde ammonia. It sublimee eaaily 
without meltinj;. 

Three other iaomeridea are known. 

A picoline-tetraoarboxylio acid ia alao 
obtainable from the dilTirboxylio acid of collidine 
by oxidation of the methyl- groupa with perman- 
ganate. Luiidme-thcarbozylic acid la formed 
aa an intormodiate product 

Intidbie {dnnethylpifrtdtne). l1io bases hav- 
ing this coriHtitution are mainly contained 
in that jiortion of the basic oil boiling 
between lfi0®-170*. After redistilling, it is 
separatcMl into the two fractions iSo'-lBO" 
and J(i0*-l70*. The ])o«ntioa of the methyl 
grouiis 411 these two fractions is determin^ 
by means of the oxidation products formed. 
The first fraction yu^lds on oxidation t/iocin- 
chomeronic acid, which melts at 230^ On 
heating, carbon dioxide is split off and nicotinic 
acid is formed. I'rom this is infcircKl that the 
fmsition of the two methyl groups is ad. The 
higher fraction yields lutiuiiuo acid on oxulation, 
and this, on heating, gives tsonicotinio acid, from 
which it follows Uial the methyl- groups lia\ethe 
jriositioiis ay. Ail the acids give pyndinu on 
distillation with lime. According to the re- 
Hoarches of Jiadenburg and ^ioth (Bcr. 18, 49), 
the fraction 139®-142® also contains a lutidmo, 
which was separated by rntMiis of the mei curio 
chloride salt, molting at iHb**. This was do- 
composed with potash, and distilled, when, 
after drying, an oil was obtained which boiled 
at 142®-143®, and yielded on oxidation with jxjr- 
manganato a dibasic acid whicli is identical 
with that obtained from synthetical lutidme 
]ireparod by condensing cmnamic aldehyde, 
ethyl aceioacetate, and ammonia (Kpstein, 

.* 'iiiulon, 831, 1). Its sp gr. is 0 9545, and b.p. 
143* 

U'ho constitution of the p lutidme is 

(;h, 

• “CU, 

(Ladciiburg and lloth). | 

By distilling diiiielliyl pyridine dicarbowlic • 
aeid with lime a 91 p.e. yield of 2 * O lutidinc ; 
cun be u blamed Tins met hod appeiirs to be ' 
the most convenient way of prepuiing pure 
lutidino (Mumin and lliineke, Ber. 1917, 50, 
1508; 1918.51, 150). 

'rhe isomeric u, )3 and y-otbyl pyri<lincs are 
also known, the /I and y-forms being piudueed 
when einehoiiino or brucine are distilled w’lth 
caustic alkali, and Uie adoim ou heatmg 
pyricimium ethyl iodide to 290'^. 

Lutidlne-monooarboxylio acid {aa dumthyl- 
nicotinic aetd). Obtained by distilling lutidine- 
dicarboxylic aeid (Weiss, Ber. 19, 1308). It 
cryslathses in lino needles n'olting at ItiO®. 

Lutidine-dicarboxylio acid {aa-divuihyl pii'- 
dicarboxylic acid). Obtained by the condensa- 
tion of. tsebutylnldeliydc, ethyl- aceto-ucctatc, 
and ammonia (Engclmonii, Annalcu, 231, 51 ; 
llaiitzsoh and Weiss, Ber. 10, 284). 

Lutidine-trioaftioxyUo acid {ay dimethyhpa'p'’ 
tricarhoxyiji acid) is C}rtnca by the oxidation of 
colUdine-dicarboxylio aoid with permanganate. 

a-LuUdtoe(2 -A^dimeihyfpyridtM), Separated 
by adding mercuric chloride toasolutjoa in hydro- 


chloric acid of%e bases boilingai 108*-16O*. The 
salt has the composition CyH|N,HO, 2 HgCl 3 , 
and melts at 127*. On distilkng with potash, the 
salt is decomposed, and the base, after drying, 
boils at 157*. Its sp.gr. is 0 9403atO*/4*. It yields 
a pyridine-dicarboxylio acid on oxidation with 
fiermanganatc, and the acid melts at 235*. This 
iH known as a-lutidinio acid or ay-pyridine- 
dicarboxylic acid, since on heating carlion dioxide 
IS given off and isonicotmic acid is formed. 
Hence a*lutidme has the coiniMi.'ntiou 
Cll, 


r 'cH. 


(Ladenburg and Roth, Bcr. 18, 913). 

Collidines {y-colhdinc, trimeihylpyridine) 
C\NH,{CH3)a 

may be prepared by distilling collidine 
dicarboxylic ester (obtained by oxidi.sing 
the cuudcnsation product of aldehyde ammonia 
and ethvl acctoucctate) with lime. It boils at 
171*-172*, and has the < onstitution 
CH, 

/ N 

oil,'. /CH,. 

N 

A baM% has been isolated from 

tho fraction of bone oil boiling between 170* 
I and 180*, but Ihw has been shown by Weidel and 
IVk to bo a 2-methyl-4 cthy'lpvndin« from the 
fact of its giving on oxidation lutidinic acid melt- 
ing at 219*. The base ui more soluble m cold 
than m hot water. Its sp gr. is 0 92S5 at 16 8*; 
it boils at 177 8*/768 mm. (Wcidel and Pick, 
.Moiiatsh. 5, 656). 'rheso authors are of opinion 
that Andcrhon’.M collidine (Phil. Mag. 4, 9, 145, 
214) was impure. Tho base docs not form any 
crystallised salts, and is not identical with any 
synthetical coilirimc. 

. t Idch ydtne (2 mt th t/l-5-(thyl pyi idt tu ). F ormed 
by tho condeiiMitioii of ethylideno ciilorido 
with ammonia (Durkopf, Ber. 18, 921), by heat- 
ing an ukoholic soliilion of aldehyde-ammonia 
to 120^ (Bivcycr and Adcr, Annalcn, hl.'i, 294), 
and ns a decomposition pioaiict of liiuhonmo 
or bill* mo when theno alkaloids are distilled 
With caustic alkali it boils at 176'^, and has 
sp.gr 0 9389 at O ', 4 \ 

Of tlio is(>mci'Ldc.s of coihdmc, a-uornial 
propyl pyiidmo (coiiMine) is of considerablu 
tliooictical importance, owing to its relationship 
with the alkaloid comne (q v.). 

Collidine dicarboxylic acid is obtained bv 
o.xidibing hydro(‘oIlidme-diearb()\y'liu acid with 
nitrous acid. 3’ho ester of the latter acid is tlio 
product of coruicnsatiun of ethyl acetoacctate 
with aldehyde ammonia. It yields on heat in;' 
with lime" aa'y-trimethylpyridine. Tho acid 
yields by successive oxidation of tho methyl- 
groups by ponuanganato the following carboxylio 
acids : 

Lutidinc-tricarboxylic acid 

C5N(Cll3)3(COj|H)j, 

^ * Picoline-tetracarboxylic ac'd 
C»N(Ciy(COtH)4. 



JSUniSi UALk 


P^idinepentacarboxylic acid CtN(COtH)g, 

If one carboxyl- group bo removed from the 
original acid and then it be oxidised, the following 
acids arc successively obtained : — 

From collidine-monocarboxylio acid 
C’jN H(CHj|).COaH the acids lutidino-dicarboxylic 
acid CjNHfCHjljCCOjH),, picohnc- tricarboxylic 
acid t\NH(OHa)(n)jH)„ pyridine-tctracar- 
boxylic acid CaNH{a),ll) 4 . 

inperidlne, hc\ahy(fro-[)yri<line, is obtained 
in aniail quantity by the reduction of pyridine 
with tin and hydrochloric acid (Konigs, Ber. 
1881, 14, 1856). A better yield is obtained by 
operating in absolute alcoholic solution with 
sodium. It may bo prepared from pvridme 
in 05 p c. yield by electrolytic reduction 
(E. Merck, D. R. P. 00308; Pip, Jing. Pat. 
21471). It may aUo bo prepareu by heating 
piperino, obtained from liepper, with soda lime, 
or by t ho reduction of tnmethyleno cyanide in 
alcoholic solution with sodium. It is a liquid 
smelling like jicppor and ammonia, boiling at 
105*7^, Hp.gr. 0 8810 at O'^. Miscible in all pro- 
portions with VNitcr. It combines wiili quinones 
to form dyes. J. v. Braun ( 1004) has shown that 
hy bciuoylation of piperidine and subsequent 
heating w'lth phosphorus pcntaclilonde to 250** 
the cyclic system is destroyed and a good yield 
of pen tain ethylene dichlondo is obtained, such 
1'5-dichloro-conipounds being very diilicult to 
obtain by oidinar^ nynthctio methods. 

Cil.CH, 

C4II4CO 

chTciu . 

dijC’ii, 

C.H, CCljN^^^OH, 

('iiTcu, 

c,h,(\\4 {'I«;h,).ci 

Its combination with hydroquiiionc, pyro 
catochin, and several other phenols, has been 
patented by Joseph Turner Co., Ltd. (D. it. P. 
08465). 

An account of the physiological action of 
piperidiuo and allied coin pounds is given by 
VVolffcnstoin (Ber. 34, 2410). 

Piperidine guaiacolate prepared by the 
iction of pipcridme on guaiacol dissolved m 
benzene or ]>ctroleum melts at 70'8^ It is 
used in the treatment, of phthisis (Pharm. J. 
1807, 81), and is important as combining the 
properties of a strong vascular and nervine 
tome — piperidine — with an antiseptic guaiacol 
Tunmehno, Chom. Soc. Trans. 1808, 145). 

Various derivatives of piperidine have been 
lyntbesised by Ahrens (Ber. 1808, 2278). 
Quinoline. 6'es Quinoluix. 

JOLOLBUfG MaTTIBS DBBIVEO IBOM BoKX-OIL 

Bases. 

1. FromPynole. A red dye may be obtained 
rom pyrrole by treating cotton cloth, ^ter 
lipping m a weak alcoholic solution of bitter 
ilmona oil (benzaldehyde), with alcoholic 
mrole solution, hydrochlono acid, ferno 
mloiide, and genily warming. A black coloimi 
s obtained by subatatutiim emnamon oil (cinna' 
Dio aldekyde) (Chem. 1800, 348] 
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Pine wood may be dyed red hy moistening 
with hydrochloric acia, and treating^ with the 
vapour of pyrrole. 

Pyrrole blue may bo obtained in two varie- 
ties : (a) by mixing pyrrole and isatin ( I mol. of 
each) in sulphuric aciA yielding the * A * 
variety ; and (5) by upurating in aoctio acid 
under speuitied cunuitiuiis, when pyrrole bluo 
* B * is obtaimHl with a certain ainuunt of A. 
Pyrrole blue B has a metallic lustri', luid is much 
loss soluble than pyrrole blUo A. Pyrrole blue A 
cannot be aeet^latod, but on treaUng pyridiuu 
solution w'lth acetic anhydride a small amount of 
the pyrrole blue B denvativo is obtained. TIuh 
acetyl derivative dissolves m sulphuric acid 
to a magenta solution, which rapidly ^liangcs 
to a cornllower blue, owing to the formation of 
a disulphonic acid. H'lus acid is very solublo 
ill water and dyes silk bluo (Liebermann and 
Base, Ber. 1905, 2847 ; «ec also Ber. 17, 1034). 

2. From Pyridine. 1 pyridine dyivstuils may 
bo obtained by iliuzulising amino liciizyi 
pyndine, and coiiibimiig with the usuAl com- 
ponents. Aminobcnzylpyridine is obtained by 
reducing the intro- cumpuund produced by tlic 
eundensatioii of introbeii/yl ehhiiido and ]>yri- 
dino bases. These products dye tannin-mur- 
daiited cotton, or wool and cotton from an 
acid- bath (Farb. \orin. Meutcr, Lucius and 
Briimug, Eng. Put. 4545). 

When mixtures of pyridine (I mol.) and 
aromatic aiiimos (2 inols.) are acted ujam hy 
cyanogen chloride or broiniiic dychtufTs are 
formed practically quantitatixcly and very pure, 
with the oli^matioii 1 mol. of cyanainidc. 
They crystallise well, and very from vellow, 
through orange and rod, to violet, and dye silk 
in shades showing fine ttuoresconco ; and some 
show marked alliniiy for unmordanted cottoiki» 
They are soluble in water with ddhculty, moro 
rcatfily in acetic acid and alcohol, and in pyridine 
(W. Konig, J. pr. (’hem. 11M)4, 105). 

3. From Piperidine. 'I'hc epnnonos (benzu-, 
tolu-, naphtha-, phenanthra-(]uiriono8) interact 
with pipciidino, yielding coloi|nng matters which 
are reudilv changed by acids and alkalis. The 
compound with benzorjuinono C4llaOa(N(J4H,(,)j 
forms thick, reddish- violet prisms with bluo 
reflex, melting at 178^ Neutral or alkaline 
solutions arc olood-red, acid solutions carmine 
(Lachowicz, Monutsli. 1888, 505). 

Isatin blue is derived from piperidine as 
follows : Dipqwridy] isatin is prepared by 
heating an alcoholic solution of isatin (1 mol. ) with 
(2 luols.) pi[K‘ridine on tho water-bath for an 
liour, ami crystalliHiiig fiom alcohoj. Isatin 
blue results irom heating this com^und to 
125®-160® in a current of air, or by agitating 
with acetic anhydride at 60° for some time and 
pouring into water. It forms indigo-bluo 
solutions in alcohol, ether, or acetic acid, and 
is insoluble m L^nzene or chloroform. It 
may be heated without change to 160*. but is 
completely decomposed at 230* (Scuotten, 
Ber. 1891, 1366). 

P'Aminophenyl piperidine, which may be 
compared with p-aminodig;ncthyl aniline, 
reacts in many oasot in ii^imilar way to this 
compound. M^n oxidise with a' primary, 
■eoondary, or tertiary amine, indaminee, varying 
bom blue to greengare produced^ Ozioiaed 
in the pceseace of meta-diaminet, com^joundi 
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may be pieciniiatcd by peam ol zioc chlorid<« 
which dyp eotton blue. 

With phenol, when ozidieed with the iheo- 
cetioal quantity of potassium ferricyanide, a 
blue indophenol is ootainod. With naphtholi 
violet colours nMuJt.ti Other colours are also 
described by Leilinann and Cellcr (Ber. 188B, 
2287). 

Literature, — Anderson, Trans. Roy. Soc. Edin. 
16, 463 ; 20, 247 ; 21, 219 ; 21, 671 ; Annalen, 
70,32; 84, 44 ; 04,^358; 106, 336; Weidel, 
Sitz. Ber. 79, 837 ; 80, 443 ; 80, 821 ; 81, 612 ; 
00, 972; Ciamician, Ber. 1004, 4200-4266; 
Bamberger, Ber. 1891, 1768 ; and in general the 
papers of the following: Ciamician, Dennstedt, 
Hoogew^prff and van Dorp, Liebcrmann, Oechsner 
do Coninck, and Weidel. 

BONE PHOSPHATES e. Fsbtiusibs. 

BOOKUM or SAPPAN WOOD. An Indian 
wood, the product of Ccualptnta Happan (Linn.). 
Usefl in dyeing reds. 

BOOM AH NUTS. The fruit of Pycnocoma 
macrophylla (Benth.), belonging to the Euphor* 
biadbiD. Used m tanning (Holmes, Tharm. J. 
[3J 8, 363). 

BORACIC or BORIC ACID v. Bobok. 

BORACITE. Borate and ctdoiidu of mag- 
ncHiuin, OMgO'MgCl. 811,0., forming small, 
bright, sharply-devoloped ^cubio etyMtals of 
tetrahedral Myininctry, in which the cube faces 
usually predominate. The crystals are interest- 
iiig on account of their strong pyro-clectncal 
characters, and the ofitical anomalies which they 
exhibit. Each cubic iM’^stal is built up of 
twelve rhombic pyramids, the bases of which 
coincide witli the twelve faces of the rhombic - 
dodocoliodron and the apices meeting in tin* 
centre of the group. At a teiiqu'rature ot 
tho<^biiefringeiice and twin lamoUie dis- 
appear and the i'rystul is then truly cubic. This 
affords a good example of an onantiotropic 
change in state, tlio eubic niodilication being 
stable only above this temperature. The 
crystals usually occur emU'dded ingyiisum, and 
aix) bounded onfall sides by bright facets. 
Bp.gr. 2'9-3'0, 11 / (as high os that of ({uartz). 
Tiiey are found in considerable numbers at 
Luiieburg, in Hanover, and at Btassfurt, and 
elsewhere in tlio Prussian salt -deposits. A 
massive earthy variety, known as ' slassfurthite,* 
occurs as nodules at Btossfurt in quantities 
Butliciently largo for collecting for eomiiiereial 
purposes, J. L. B. 

BORAL r. Svntiiktic imi os. 

BORATES r. Bnt^oN. 

BORAX. As a mineral, Iniraz (Na|B 407 , 
1011,0) lb found as an oflloresecnce and as mono- 
clime crystals, sometimes of considerable size, 
on the shores of the salt lakes of Tibet and 
California. In Ban Bernardino and Lake 
counties in C'alifornia tliere are several places 
known as ' Borax I,Ake * v but most of the 
borates commercially mined in this region 
belong to other species ( ulexito, colcmanite, & e. ). 
The Tibetan do]>osits extend from the iake- 
nlain of Pugha m the west to the lakes of 
Tengn Nur in tl^ oast, and formerly, since very 
early times, muim orado fvaterial was exportecl 
under th^xiame of tmeal (t\ Boron.) L. J. 8. 

BORDEAUX V. Aao- coloukimo nattkbs. 
Lambert ^^Seitsch. anal, f hem. 22, 46) detecU 
this dye m wines by pi^pitatiqg with basic 


I lead acetate, and extracting the precipitate 
' with alcohol ; the red solution thus obtained 
is turned yellow by alkalis. Wool heated with 
the wine withdraws its colouring matters. 

Bellicr (J. Fharm. Chun. 14, 7) describes 
a method of determining quantitatively the 
amount of this dye m wmes. 

BORDEAUX MIXTURE v. Plakt sprays. 

BORNEO CAMPHOR v. Camphors. 

BORNEOL V. Camphors ; Terprnks. 

BORNEO TALLOW is a generic term for 
a large variety of fata obtained from the kernels 
of a number of plants belonging to the DipUro- 
carpus family, such as Hfutrca sietiopicra (Burck.), 
Hftorea aptera (Burck.), Ho pea aswra (de Verise), 
Peniacme stamensts (Kurz), all of which arc 
indigenous to the Bunda Islands, Indu-China, 
and the Malay States. All the fats derived 
from these trees are also in commerce known 
under the native name of Mmjak Tangkawang 
(Tangkawang Fat). Mmjak Tangkawang repre- 
sents a mixture of at least six fats, obtained from 
SIX varictiea of trees known to the natives as 
Tangkawang toengkoel, T. ranibei, T. lagar 
(these trees nave a diamcU'r of more than 3 ft.), 
T. goentjang (growing in swampy regions, and 
reaching a height of 22 ft., whilst the diameter of 
the trunk rarely exceeds <1 inches), T. niadjan, 
T. terindak. The trees fruit only at irregular 
intervals, the nuts yielding, according to the 
species, from about 43 to 61 p c. of fat. 

The fat is prepared bv the natives in a 
very crude manner. In the ‘ wet process * the 
fruits are placed in baskets, immersed m water, 
and left theieiii for from 30 to 40 da)s. After 
that time the shells are removed, the kernels 
are split into four pails, and these spread on 
boards, exposed to the sim to dry. The dried 
fruit is then pounded, boded with water, and 
the liquid fat skimmeil oil and moulded in the 
intoniodcs of ham U ki .stems ; hence the com- 
morciul samples iiave a cylindrical shape. 
The ' dry process ’ consists m cutting the kernels 
into discs immediately after the fruit has been 
collected, drying the discs by exposure to the sun, 
and subsequently pressing. The fat obtained 
by the dry uroccss yielcls the best product, 
which is latvdy used lor edible purposes in the 
Ka.st. The Kernels of the Bhorea fruit (erroue- 
ou.h1v desvid)ed in eommeree as ‘ lllipe nuts,* 
sec Bassia Oils), arc shipfied to Euro^, where 
they are expressed, and the fat is ui^ in the 
iiianufaeture of candles and as a substitute for 
cacao butter. The commercial grades are 
described as * largo black Poniiniiac lUipe' nuts,* 
and * large PoiiUanao or Barawak ilhpe nuts 
without guarantee of colour.’ * Biak lUipe nuts ’ 
are smalmr, and yield a softer fat ; they are the 
product of a species of Palaquium (N. 0. 
Sapotacea ). 

In 1913, 8275 cwt. of iUip4 nuts, valued at 
£5054, were exported from Smgapore, principally 
to Belgium, whilst small quantities were sent tc 
the United States and to England (Bull. Imp, 
lost. 1916, 23. 336). 

Borneo tallow contains considerablo quanii< 
ties of stearic acid. Samples examined in the 
writer’s laboratory eontaiiiM as much as 66 p.v. 
of stearic acid. The fat melts at 29*’-38* ; ami 
(hUs iodine value 31-35*9; and saponifioatioi] 
value, 190*4-194*6. The insoluble fatty acidi 
have a high melting-point, viz. 63**-68°, uod seem 
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to oonawt of 60 p.e. of stearic acid and 34 p.o. of 
oleic acid. The fat sepmted from the kernels 
in Euxope usually contains a high proportion of 
free fatty acids, the acid value of the product of 
Pontianac nuts being as high as 35. 

The fats from Shorea Ohy,^ertMna and 
from Isajterta homen^'s have bwn described as 


Enkabang fat and Teglam fat respectively 
(Brookes, Analyst, 1909, 200). J. L. " 

BORNBSIT p, Glucosidbs. 

BORNITE, A sulphide of copper and iron, 
of importance as an ore of copper (Cu 45-71 p.c.). 
On a freshly fractured surface the colour is 
dark bronze,*but this quickly tarnishes to purple 
or deep reddish ; hence the names purple 
copper-ore, variegated copper-ore (Runtkup- 
fererz), erubescite, and the (’omiMli miner's 
name horse -flesh -ore. Further alteration pro- 
duces a black soot3r coating. The massive ore 
is always much intermingled with copper- 
pyrites, and oven the rarely occurring cubic 
crystals usually contain a nucleus of copper- 
pyrites. The exact composition of the mineral 
nos therefore long been doubtful ; analyses 
by B. J. Harrington (1903) and E. T. Allen 
(1016) of carefully selected material gave the 
formula C’UjFeS4. This is the bornite of W. 
Haidinger ( 1 846) : bornite of F. S. Houdaiit 
(1832) 18 an obsolete synonym of tetradynute or 
telluric bismuth. L. J. 8. 

BORNYVAL. Pharmaceutical name for the 
t4ovaleriainc ester of borneol 
a limpid fluid smelling like valeriin, insoluble 
in water, freely soluble m alcohol or ether; 
b.p. 255'-260^; sp gr. 0-951 at 20Ml)Lo''”- 
2V 40'. 
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BOROFORM. Trade name for a solution of 
formaldehyde in sodiuin glyceroborate. 

BORO-QLYCERINE. An antiseptic, patented 
by Barff (1). It. P. 18108; Eng. Pat. 6906, 
1884), prepared by heating 92 parts glycerol 
with 62 parts of boric acid at 200"^. It is a 
yellowish, transparent substance, soluble in 
alcohol and in 40 parts of water. Used os a 
preservative for fruits and wines (J. Soo. Chem, 
Ind. 1, 244 ; 4, 362). 

BORON. B. At. wt. 10-00 Smith and van 


Haagen. An element usually reckoned among 
the metalloids, although it presents analogies to 
the metals, and has lieen plac'cd by Etard 
(Compt. rend. 91, 627) at the head of the vana- 
dium group, intermediate between the places 
of phosphorus and cai uon ; is a triad in most of 
its known combinations, but is also capable of 
acting as a pentad (Michaelis and Becker, Ber. 
13, M). Never occurs free ; usually as boric 
acid, and in several minerals, as hcrax or tincal, 
horaciUf hydrcbctaciU, rhodizUe, sa$9olilf, horocah 
die, boronairocaldte, and botryolite, and in small 
quantities in schorl, dcUolite, Ummialine, apyrite, 
and axinite. Minute quantities of boron are 
found in mineral waters ; in sea- water ; in plant 
ashes, and in animal tissues. 

The element was first isolated by Gay-Lussac 
and Th^nard in 1808, by heating boric oxide 
with potassium. According to Wohler and 
Deville (Ann. Chim. Phys. [3] 62, 63), it may be 
obtained by mixing 60 grams of sodium in small 
pieces with 100 mms of powdered boric oride 
in an iron crucible, covering the mixture wiLi 
a layer of 30 grams ignited sodium chloride in 
fine powder, s^ heating the whole to redness. 
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Aftsr the oompletion of the reaction, which is 
very violent, the mixture is stirred wi^h an iron 
rod, until the sodium and sodium chloride are 
fus^, and carefully pouriM) into dilute hydro- 
ohlorio acid, and the residue washed with water 
containing ammonium 6>hloride (which salt 
is subsequently removed by alcohol) and dried. 
Boron can also l>e obtained hy heating potassium 
borofltioride with potassium (Bonolius), or 
magnesium (Wohler an^ ]>evillo) ; by the 
electrolysis of fused boric oxide (Davy) ; by 
reducing boron trichloride by hydrogen (Dumas), 
or preferably with hydrogen in the high tension 
electric arc; by fusing borax with amorphous 
phosphonis (Dragendorff) ; by lusting Iwrio 
oxide with magnesium or calcium, and •treating 
the residue with dilute hydrochloric acid. Boron 
may also be obtained by the dissociation of the 
nitride, or of magnesium boride at high tempera- 
tures. 

Wohler and Doville’s method gives a 
product containing, in adtiition to boron, 
compounds of boron with sodium, irbn, and 
hydrogen, and boron nitride The b-'st molhod 
is that of Moissan, as ino(Tific<l by Weintraub 
(J. Ind. Eng. Chem. 101 1, 3, 209 : 1013, 6, 100). 
Pure and dry boric oxide is intimately mixed 
with as mucFi magnesium tilings as will siiflire 
to reduce ono-thira of it. The mixture is pUceil 
in an earthenware crnciblo in a furnace at a 
bright-red heat, wlien the reaction proceeds at 
once rather violently. Heating is continued for 
ten minutes and the mass allowed to eool. The 
middle portiop of the mass, which is of a reddish 
colour, IS mechanically w'parnted from the sur- 
rounding black portion as completely as possible, 
and boiled with a large excess of dilute hydro- 
ohlorio acid which removes the boric arid anil 
borides of magnesium. The magncsiiim borate.!, 
removed by repeated boiling with strong hydro- 
ohiorio acid ; and the silira (resulting from the 
disintegration of the crucihlc) by heating the 
residue in a platiiyim vchhcI with hydrnfluorio 
acid. The residue is washed by decantation 
with water and dried. It isihon approximately 
pure, but still contains a small Quantity of a 
magnesium boride wliicli cannot tje got rid of 
except by fusing the product with aliout fifty 
times its weight of boric oxide, and repeating the 
above operations. 

The product when lioatcri in vacuo, at a 
Huflieiently high temperature, or when heated 
to bright redness m hydrogen with excess of 
magnesium or sodium, and extracted succes- 
sively with water, liydrochloric acid and hot 
dilute nitric acid yiclus pure boron (Bfty. Obeni. 
8oc. Trans 1914, 106, 2102). 

Boron has b^n produced by Weston and 
Ellis (Trans. Faraday Soc. 1907, 170) by the 
action of aluminium powder on boric oxide. 
If 2 mols. of boric oxide to 2 atoms of aluminium 
are used, the chief product is boron, but with a 
smaller proportion of boric oxide aluminium 
boride is prorluced to a laigo extent. 

Boron may bo prepared eloctrolytically as 
follows : A fused metallic borate is electrolysed 
between carbon poles separat'd so as to prevent 
the boron floating to cathode. By the 
use of a high-current densi^ at the anode 
sufficient heat is generated to effect the redaction 
of the boric oxi£ w'.ich collects tbr je (U.8. Pat. 
786902). 
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Commercial boron in purified by ^nding 
the product obtained by heating boric oxide 
and magneaium with hydrochloric acid, and 
quickly pouring off the upper liquid. This 
contains matter in suspension which holds 
a higher proportion impurities than does 
the residue at tlie bottf)in. This process of 
* fractional decantation ’ is repeated several 
times. The residual boron, wnich may still 
contain boron hyrlgdo, magnesium noride, 
boric oxide, and a borate, is com])res8cd into a 
thick stick or cake, and heated to 1200® in a 
vacuum electric furnace, which either volatilises 
or dissociates all these impurities. The pure 
boron is then molted rlown in the arc m a 
eiirrent f)f inert gas, jircfiTably hydrogen. The 
resulting boron is a dense soIkI substance which 
conducts electricity and is comrdetcly fusible 
without apparent volatilisation (hritish Thom- 
son-Houston (Jo., Kng. Pat. 1197, 1007). 
(Jolloidal solutions of boron have been prepared 
by (Jutbicr(Kolloid. Zcitsch. 1913, 13, 137). 

Tj^lio amorphous boron dcs(Tibc<l by Moissan 
and others as a obostnut-colouiod powder of 
sp.vr. 2*45 always contains oxygen, and appears 
to no a solution of a lower oxulc of boron and of 
magnesium oxide in boron in the superfused 
liquid state ; it is tasteless, /idourless, staining 
the fingers strongly ; becomes denser on being 
heated in a varuum or in gases which have no 
action upon it ; not oxidised at ordinary 
temperatures in either air or oxygen ; heated 
in air, it burns with a reddish light, forming BjOg 
and JiN ; burns with dazzling brightness in 
rixygen, forming BjOj. Boiling w'ater has no 
letion on it, but it is readily oxidised by strong 
nitric acid in the cold, and by sulphuric acid 
when heated. When heated toVedness with the 
T’ocalino sfflts of oxyacids, yields an alkaline 
borate, the formation being frequently attended 
with incandescence, and in the case of nitre with 
'‘vplosion. Heated with potash it forms po- 
tassium borate with liberatiop of hydrogen, and 
reducoB the chlorides of load, gt>ld, mercury, and 
diver, and sulpliidiof lead, clilonde or sulphide 
)f boron being formed (Wohler and Doville, l.c . ; 
mil Annalen, 105, 72). Heated in nitrogen, it 
orms white boron nitride. Tt decomposes nitric 
ixido at a red heat, burning brilliantly and form- 
ng boric oxide and nitride, but apparently has 
V) action on nitrous oxide. {Cf, Kroll, Zeitsch. 
inorg. Chora. 1918, 102. 1.) 

Crystalline boron — the only pure form of 
joron — is a black solid of 8n.gr. 2*34, almost as 
lard as diamond, and oniy inferior to it in 
^oughncssiand strength. Melts at about 2200®, 
ma has a sensible vapour tension at 1600®. 
[lapidly increases in electrical conductivity when 
leatod. It may bo obtained by placing 
} parts of aluminium with 10 parts of fused boric 
leid in a gas-carbon crucible lilled up with 
gnited charcoal and placed inside another 
irucible of graphite which is heated to 1500®, 
or five hours. The aluminium is removed from 
he reelblting mass by means of fairly strong 
>oda, and the residue is then boiled out with 
lydrochlorio and < hydrofluoric acids. The re- 
idue contams some fi'umin& which is separated 
nochanioally as far as possible, and completely 
}y glacial phosphoric acid. Crystals may also 
>e obtained^ by heating 2 parts of fused and 
towdergd borax with 1 part of ka^nesium. 


A commercial process has been patented 
Kuhn (Chem. Zlkitr. 1904, i. 04). Boron com- 
pounds are mixed with sulphur and aluminium, 
and the mixture, which bums, ignited. Oystals 
of boron are found in the resulting mass, and are 
separated from it by extraction with water, 
which decomposes the aluminium sulphide, 
forming aluminium hydroxide and H,S, and 
leaving the crystals of boron. 

It is only oxidised with veiy mat difficulty 
in oxygen, and in air no change t^es place even 
at 2000°. Molten potash or lead chromate 
oxidises it with incande.scence, but fused 
potassium nitrate does not affect it. ‘ Boron 
diamonds * of the composition B4HC2AI3 (Hampc) 
((J2A13B44, Blitz) may be obtained by strongly 
heating a mixture of boron trioxide, sulphur, 
aluminium and soot. The fused mass gives a 
mixture of yellow transparent quadratic crystals 
mixed with black opaque crystals of AlB^s, 
which can be separated by fractional flotation in 
a mixture of methylene iodide and benzene, the 
yellow quarlratic crystals being slightly heavier 
than the others. They are not attacked by hot 
strong hydrochloric or sulphuric acids, or by a 
solution of chromic anhydride in strong sul- 
phuric acid (Biltz.. Bcr. 1010, 43, 297). 

Boron may be introduced into steel, and the 
nrojiortics of the boron steel so obtained have 
been studied by Osmond (Compt. rend. 110, 
242, and 346), by Moissan and CJharpy [ibid. 
120, 130), by L. (iuillet {ibid. 144, 1049), and by 
Hannessen (Zeitsch. anorg. (‘hem. 1914, 89,257). 
Boron stools are obtained either by heating 
amorphous boron with reduced iron in a current 
of hydrogen, or by adding crystalline boron to 
the molten metal. On hardening by heating 
to a known temperature and quenching, boron 
steel behaves like a high-grade hard carbon 
steel ns regards increase in tensile strength, 
whilst the dimmuiion in extension is not so 
great. The hardness of boron steel is not much 
affected bv heating and quenching. The special 
effect of boron appears to be to communicate 
to the steel a liign tensile strength rather than 
actual hardness when the metal is heated and 
quenched. 

Boron rapidly reduces manganese oxides in 
the electric furnace. With excess of oxide 
products containing up to 97 p.c. manganese 
may be obtained which are soft enough to be 
filed. With excess of boron, harder, granular 
! substances result, containing up to 20 p.c. boron. 
From these a definite boricfo MnB may bo 
isolated. It is a crystalline metallic powder 
attacked by halogens and oxygen at high 
temperatures, and by alkali hyd^roxides and 
carbonates at a red heat. Water or steam 
slowly decomposes it with evolution of hydrogen 
(Binet du Jassonneix, Compt. rend. 139, 1209). 
The same author has obtained very similar results 
with molybdenum dioxide and boron (Compt. 
rend. 143, 169) ; and has also prepared two 
definite borides of chromium Cr^B^ and CrB, 
by fusing together chromium and boron. They 
are very stoble towards reagents, especially 
the former, but are decomposed by fused 
alkalis, and by chlorine at a red heat. They 
arei soluble iti hydrofluoric, hj'drochlorio, and 
concentrated sulphuric acids* (Compt. rend. 
143, 1149). The same author has also prepared 
Ni»B, NiBi. Co«B. atid CoB« (Compt. rend. 146, 
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240) ; and borides of zirconium, chromium, 
tungsten, and molybdenum have b^n prepared 
by Tucker and Moody (Cbem. Soo. Proo. 1901, 
129) ; and borides op vanadium, uranium and 
titanium by Wedekind, Horst and Jochem 
(Ber. 1913, 46, 1198). 

Compounds op Boron with Non metallic 
Elements. 

Boron hydrides are formed by dissolving 
magnesium boride in hytlrochloric arid, or more 
easily by dissolving eommereial forrohoron in 
dilute siilphtirie and. Spontaneously inflam- 
mable. Boron hydrides admixed with hydrogen 
are evolved, and an insoluble residue formed. 
The gases have a charactenstie smell, and de- 
compose a moderately eoneentrated silver 
nitrate solution, forming a blackish -brown pre- 
cijiitatc with metallic lustre. They bumVith a 
green flame and form a mirror when passed 
through a red-hot glass tube (Hoffmann, Chetn. 
Zeit. 1911, 35, 265). 

Four unstable hydrides have been isolated, 
B2H,, B4 H,o, B 4H12, and a solid hydride 
B,oH| 4. Boron hydride, B 411,0, is a colourless 
li«|uul, b.p. l(r-17''7750 mm.; m.p. cn. — 112®, 
of a peculiar and most disagreeable odour. 
A few bubbles of the gas affect respirafion and 
cauHoliondacho. It is a very unstable substance, 
decomposing at the ordinary temperature after 
a few hours, especinlly under the influenee of 
ultra- vioh't light, and quicker at higher t-ompera- 
turcs, giving rise to similarly decom- ' 

posed by electric sjiarks. It takes fire spon- 
taneously in the air or in oxygon, burning with a 
green flame. Water and dilute liydrochloric 
acid decompose it, and it is oxidised by concen- 
trated nitnc acid with explo.sive violence. It is 
rapidly absorbed by aqueous sodium hydroxide, 
the solution slowly evolving hydrogen. Am- 
monia gives a solid light brown substance, 
insoluble in water, whilst alcohol decomposes 
the hydride with evolution of Hydrogen. The 
solution m benzene is very stable towards 
oxygen. 

The hydride B 411,3 i.s a colourless liquid, 
bp. 10715 mm. ca. 1007760 mm., possessing a 
highly disagreeable odour and taking liro 
spontaneously in the air. It is more scn.sitive 
towards water and moisture than the hydride 
11411,0. With aqueous alkalis, hydrogen is 
immediately evolved (Stock and Massenez, 
Ber. 1912, 45, 3668). . . 

B2H4 is a colourless gas po.s.so8sing a cha- 
racteristic, repulsive odour, resembling that of 
the hydride B4 H,o. B.p. — 87° to — 88°/760 mm., 
m.p. —169°. It is more stable than B4ll,o» 
but decomposes slowly at ordinary tempera- 
tures. It only takes fire in the air when mixed 
with other boron hydrides. With alkalis, it 
reacts similarly to B4H,o ; with sodium 
hydroxide it gives solutions containing hypo- 
borates. 

The formula B2H4 shows that boron must be 
at least quadrivalent and not tcrvalcnt as a 
maximum, as it should be according to its 
position in the periodic system (Stock and 
raederici, Ber. 1913, 46, 1969). 

The solid hydride BjoHn obtained by heating 
the other hydrides is a colourless substance wi^h) 
a penetrating peculiar odour, dissimilar to that 
of the 'gaseous hydrides. sublimes in a 


vacuum giving long needles, m.p. 99'5 ; I) 0'94. 
Not attacked b^ water, even wher^ boiling, 
soluble in alkaline hydroxide, giving intense 
yellow solutions (Stook, Friederiei and Prieas, 
Ber. 1913, 46, 3353). 

All the hydrides M hem treated with eniistio 
alkalis erolVe hydrogen and form alkaline 
hypoborates : thus with potassium hydroxide, 
B4H,o+4KOII=--4KOBHs-fH2. The solutions 
of the hypoboratt's thus formed are stable for 
hours at O', but on bofling they decompose 
rapidly. Polajistum hjpdborate, KOBIIa forms 
glisti'iiing, ootahodrnl, colourless crystals which 
arc stable in dry air. It is dolicpiescent, and its 
Holu lions gradually decompose at ordinary 
tcmjieraturcs, evolving hydrogen and forming 
pota.s.Mium borate. Tiic aqueous solution is a 
strong reducing agent, giving with copper salts n 
preei])itato of cojipor liytlride, and with nickel 
salt-s black insoluble nickol boride, Ni2B (Stock 
and Kuss, Ber. 1014, 47, 810. For action of 
halogens on the hydrides, arc Stock, Kuss and 
Pness,Ber. 1014,47,3115). • 

Boramide B(Nll2)3 is formed together with 
ammonunn chloiide by the Action of ammonia 
on boron triclilorido at a low temperature 
(Joannis, Fompt. rend. 135, 110(}). 

Borlmlde B2(N1I)2 is a spongy white mass 
insoluble in most solvents. On heating it begins 
to give off ammonia at 125° -130'’, and is com- 
pletely transformed into boron nitriilo at 
slightly higher temperatures. It is prepared by 
heating tlic compound of boron triHiiljmuJo an’d 
ammonia BgS^tJNIla for some time at 115°-~120° 
in a current oiliydrogen or dry ammonia (Stuck 
and Blix, Ber 1901, 3030 ; and Joannis, (^oinpt. 
rend 1.35, 1106). 

Boron carbide B4O forms exceedingly hard 
shining black crystals, which are mpablo g|^ 
polishing diamonds. It mav be obtained 
massive by fusing togetJier boric oxido and 
carbon in "an electric re-sistanoe furnace and 
cooling fairly rapidly (E. A. Sperry, U.S. Fat. 
869114). 

Shajicd blocks of boron ewbido are obtained 
by prejiaring the body of Tlio block in pure 
carbon, embedding tliis’in iiowderod carbide, and 
firing m an electric furnace (Bolling, Eng. Fat. 
66t)3, 1905). Modifications of this proccjss have 
also been patented (Additions (2) Kept. 30, 
190*1, to Kr. Fat. 353017). 

Boron nitride BN is a wliitc, amorphous, 
bulky powder discovered by Balmain in 1842. 
ft is infusible, insoliiblo in water, and generally 
somewhat inert to reagents, but Stock and Blix 
(Ber. 1901, 3039) have described another modifi- 
cation which is chemically much moA active. 
It may be obtained mixed with BfOg by burning 
boron in air ; or by the action of nitrogen on a 
mixture of boric anhydride and carbon heated 
to redness (Wohler and Dcvillc, Ann. Chem. 
Fhys. 1 3] 62, 84). dlt may bo prepared by the 
action of ammonium cliloride vapour on a 
porous mass of calcium phosphate and borax 
or boric oxido heated to urignt redness, •after- 
wards extracting the cold mass with hydro- 
chloric acid and water, and (j|;ying the residue 
of BN in a vacuum de^cator (Mocser and 
Eidmann, Ber. 1902, 631^; or allowing 
boron bromide to drop into liquid ammonia, 
and heating the precintated mixture ^ boramide 
and borimid% to 750"in a current <n ammonia 
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g M {Stock and HoUe, Ber. 1908, 2096) ; or bjr 
eating l^c acid and calcinm oyanamide. A 
mixtnre of borocalcite CaB407 and carbon 
heated to I860** and then to 1400^ affords a 
theoretical yield of boron nitride (Stabler and 
Elbert, Ber, 1913, 2060). B.N has been 

prej^rod by heating bone acid with magnesium 
nitride. 

Boron sulphide BsS, forms fine white needles 
of density about 1-66, which melt at 310°. It 
is volatile in hydrogen without decomposition 
(Moissan, Compt. rend. 116,203). It may be 
prepared by heating together sulphur and 
amorphous lK>ron (Wohler and Deville) ; or, 
better, by heating ferroboron in a stream of dry 
hydrogen sulphide at 400°, and purifying the 
resulting product by dissolving out the sulphur 
with carbon disulphide (Hofmann, Zeit. angew. 
(*hem. 1906, 1302). (yoriiiiines with hydrogen 
sulphide to form thiometahorie acid H2B1H4. Is 
decomposed 1^ carbon dioxide. 

Boron trill uorldo BF|. Amorphous boron 
unites ^th fluorine at the ordinary temperature. 
It ii^a gas at ordinary temperatures, and may be 
prepared by heating a mixture of boron trioxido 
ana calcium fluoride with sulphuric acid, or 
a mixture of potassium borofliioride and boron 
sesquioxide with sulpburio acid. It may bo 
liquefied and solidified by cold an<l pressure : 
melts at —127° and bods at —101°. It is 
rapidly decomposed by water, forming hydro* 
fluoborio and boric acirfs. 

Boron trichloride IK'lg is a colourless, very 
mobile, refractive liquid which fumes in the 
air. 8jp.gr, 1 *4338 at 0° ; m.p. - 107°, b.p. 12-5°. 
It is decomposed by water with formation of 
hydrochloric and boric acids. Tt is prepared by 
passing dry chlorine over amorphous boron, and 
■''dleotingHho vapours in a U-tube immers^ in 
a freezing mixture. The product is purified by 
shaking with mercury to remove chlorine, and 
by fractionation. It may also be prepared by 
heating boron sesquioxide with phosphorus 
pontaonlorido. 

Boron tribroiplde BBr, resembles the 
chloride in physical properties. It is prepared 
in the same way, substituting bromine for 
ohlnnne, or by treating a red-hot mixture 
of carbon and boric oxide with bromine 
vapour. M.p. —46° ; b.p. 90*6° ; sp.gr. 2*66 
at0°. 

Boron tri-lodide BI4 may be obtained by 
acting on heated amorphous Ixiron with iodine 
or hydriodio acid, or by treating the vapour of 
the trichloride with hydrogen iodide. It 
crystallises in colourless nacreous plates and is 
readily a6ted upon by light. M.p. 43° ; b.p. 2 1 0°. 
Soluble in carbon disulfide, benzene, and other 
organic solvents. Bums when heated in oxygen, 
and is decomposed when warme<l with sul]^ur 
or ^osphorua. 

Borle oxide B4O4 may be obtained by burning 
boron in oxygen, or, more easily, by strongly 
heating boric acid, when it melts at 677** to a 
viscid mass, cooling to a colourless brittle glass 
of 8p.gr. 1 ‘88. May be vaporised tn vacuo^ and 
is capable of e^n^Ung carbonic, nitric, and 
Bulphnrio acids xrom thein salts at a red heat. 
Soluble water, ^'torming boric add. For 
velocity of hydration of boric oxide to metaboric 
acid and cKnoborio add, f^es Myers, Ohem. Soe. 
Trani^ 1917, 111, 172. 


A bltie glass, * bofon-nltramarine,* of ookmr 
varying with ^e duration and intendiy of 
heating, and with the proportions of the 
ingredients, is made from*8odium sulphide and 
boric anhydride. It is stable in air and only 
slightly soluble in water (J. Hofinuuan, Zeiisch. 
angew. Chem. 1996, 1080). 

Tetraboron trioxide B4O4, boron dioxide 
B4O4, and tetraboron pentoxide B4O4 are also 
known. 

Boric or Boraele acid. Sal sedativum 
Homberqiit Sal narcotkvm vitrioli. Boric oxide 
forms three hydrates : 

Orthoboric acid BjOg'SHjO— HsBO*. 

Metaboric acid BjOj-HjO — HJB4O4. 

Pyroboric acid 2B,03-H40=:H4B407. 

Ray (Chem. Soc. Trans. 1918, 803) has described 
the mode ot formation of a potassium borate 
K4B4O4, and hence the existence of an acid 
H4B4O,. 

Bone acid appears to be a dibasic acid, and 
' ' ‘ * regarded as derived from 

acid. Both these are so- 
I'heir salts, when soluble, 
have usually an alkaline reaction, even when 
containing excess o! boric acid, and are decom- 
posed even by carbonic acid. 

Boric acid is found free in nature in many 
volcanic districts. In Central Italy it is pro- 
duced on a large scale in the territories of 
four communes ; Pomorance, Massa Marittima, 
Castel Nuovo di Val di Ocina, Montieri, all 
I in the province of Tuscany, the nearest ship- 
)ing point being Ix'ghorn, to which place it is 
, iroiight by railroatl from Volterra. It also 
occurs in the extinct crater of a volcano on 
one of the Lipari Islands, and in the crater 
of Stromlioli, an active volcano on another 
island of the same group, near Sicily. Volcanic 
emanations containing boric acid occur in 
Nevada, in California, and Nova Scotia. It exists 
m solution in the mineral waters of Wiesbaden, 
Aachen, and Krankcnlied, in Germany ; in the 
mud volcanoes of the Colorado Desert, in San 
Diego county, California ; in the water of several 
mineral springs in Tohaina county, California. 
In smaller quantities it exists in sea water apd 
in the ash of many plants. 

Saseohte, or Tuscan boric acid, is never 
produced in the pure state, but is always asso- 
ciated with impurities, both soluble and in- 
soluble. It differs conBk3?rably in quality, some 
parcels containing 89 p.c. of crystallised acid, 
while others yield only 76 p.c. The following 
analyses show its general composition : — 

Analyses of crude Tuscan boric acid. 


moBL 01 Rs salts may ne 
metaboric or pyroboric 
called * weak ^ acids. ' 


; Boric acid B.O| 

Water ' 

^ I hygroscopic 

Ammonium sulphate (Nil a 12804 
Sulphate of alumina and iron 
Calcium sulphate 
Maniesium sulphate 
Sodium sulphate 
Sodium chloride 

Sand 

Sulphur . . . . 

^rganio matter • • 


47-96 

44-04 

37-00 

33-98 

0-73 

2-80 

6-67 

1062 

013 

0-20 

trace 

1-20 

6-91 

4-03 

007 

1-10 

0-23 

0-32 

0-42 

0-80 

— 

trace 

0-89 

0-91 


100 - 00 ® 100-00 
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An uialyBis of an arerago sample taken from 
6000 tons i^ows it to be comf osod os follows : — 


Crystallised boric acid Bs03,2H;0 . 83*6 

Hygroe<»p!c water . ..1*4 

Ammoniam sulphate .5*3 

Magnesium sulphate 7*5 

Iron and alumina .0*3 

8and» organic matter, Ac. ... 2*0 


100*0 

Boric acid occurs on the West Coast of South 
America, principally in the form of boronatro- 
calcite {ulexite, or hayesine)t and is found 
throuehout the province of Atacama and in 
portions of Chile. Ascotan and Maricunga. 
to the north of Oopiapo, are the places which 
have proved most successful commercially. 
The crude material, known as tiza, occurs in 
both places in lagoons or troughs ; these, instead 
of being entirely filled with common salt, as is 
usually the case in the desert, contain zones or 
layers of boronatrocalcite, alternating with 
layers of salt and salty earth. The lagoons of 
Maricunga are estimated to cover 3,000,000 
sq. metres. The raw material contains on the 
average about 25 p.c. of boric acid, but by 
washing and calcination it may bo raised to 
66 or 60 p.c. The roughly purified boronatro- 
calcite is shipjied to England and (lOrmaiiy. 

A borate of lime {thodiztie) is imported from 
the West Coast of Africa.* 

Pore orthoboric acid is easily obtained by 
treating a solution of 3 parts borax in 12 parts 
hot water with 1 part sulphuric acid. On cooling, 
boric acid separates out ; it is recrystallised from 
hot water, dried and fused to expel traces of 
.sulphuric acid, and again rocrystallised from 
water. It forms white, translucent, monoclinio 
lamina) (Kenngott), wliich have a mother-of- 

§ earl lu.stre and are unctuous to the touch. 
p.gr. 1 434 at 15^ 

Boric acid evaporates freely in a current 
of steam. The loss sustained by evaporating 
an aqueous solution is 0*28 p.c. of the water 
evaporated, equal to 2 8 lbs. for every 100 
gallons. (C/. Nasini and Ageno Atti. R. 
Accad. dei Lincei, 1912, 21, ii. 126.) 

The solubility of boric acid in water has 
been determined by Ditto (t’ompt. rend. 86, 
1069), but his results are probably low. Herz 
and Knoch find considerably higher values at 
13®, 20°, 26°, and 26°. The figures of Brandes 
and Fimhaber (Arch. Pnarm. 7, 60) also differ. 
The results obtained by Nasini and Ageno 
(Zcitsch. physikal. Chem. 1909, 69, 482) are 
quoted below : 


Tempe- 1 
rature | 

Orams of H.BO| 

1 per 100-graiu 

1 soliitiuD. 

Tempe- 1 
rature 

Oraoisof 11, BO, 
per 100-gram 

SollltlOD 

0° 

2-69 

60“ ' 

12*90 

12*2° 

3*69 

' 69*5^ 

15 58 

21° 

4*90 

; 80' , 

19*11 

31° 

6*44 


23*30 

40° 

8*02 

' 99*5° 1 

28*10 

60° 

10*35 

1 1 



C/. Nasini and Ageno (Qazzetta, 1911, 41, L 141). 

The solubility oi orthoborio acid in water is 
lessened fnot, as stated in various places, 
inc rea se d ) *by the presence of kydrochlopc acid 


(Hens, Chem. Zentr. 1003, i. 312) and of sul- 
phuric, nitric, and acetic acids ; but tartaric and 
oxalic acids have the opposite effect {ibid. 766). 
Boric acid is soluble in alcohol, glacial acetic 
acid, and volatile oils. A oedd saturated aqueouf 
solution colours litmus tr wine-red ; a hot 
saturated solution gives a bright-red colour. 

Crystallised boric acid, boated to 100°, h 
converted into H,B,04 (Schaffgotsch, J. 1859 
71), and into H1B4O, at 160* (Merz, J. pr. Chem 
09, 179; Ebelmen and Bouquet, Ann. Chim 
Phys. [3] 17, 63). At a stronger heat the acid 
froths up, parting with its water and forming 
boric anhyarido as a fused viscid mass, solidify 
ing to a fissured glass on cooling. For the aotioi 
of boric acid on sodium chloride on heatifkg, 
I.iOvi and Castc^ltani (Gazz. chim. ital. 1010, 40, i 
138) ; I^evi and Garavini {ibui. 1011, 41, i. 756). 

Boric acid and its salts are extensively used it 
medicine as an antiseptic ; and as a foot 
preservative they are also very widely employed 
They are also employed for glazing poroolafy ant 
earthen ware, in t ho preparation of glass and corta;r 
pigments, in the manufacture c/ cosmetics, soaps 
in the linings of safes, in the glazing of paper, nil 
dressing leather, as a flux, by laundresses, anc 
for soaking the wicks of stearin candles. 

The effect of borit^acid in glazes is to increase 
their hardness and their fusibility, and to modify 
the coefficient of expansion. A small amount ol 
boric acid lowers tno expansion, whilst a lar^r 
quantity produces an increase. This effect h 
explainotl by Gronot (Compt. rend. 123, 891) tc 
be duo to the f'H't that when the pniportion oi 
bases to boric acid is high, dcvitriflcation ocoun*, 
whilst when the boric acid is the more important 
constituent, the coefficient of expansion tends 
to approximate to that of boric acid itself, 
which IS higher than that of any gloss. * 

It has also been proposefl to use borio acid 
in the preparation of nitrio acid from (>bilc 
saltpetre, so as to obtain borax as a by-product, 

industrial extraction of borio acid. The 
occurrence of the ml secifitivum of Homberg in 
the water of tho Tuscan lagoon.# appears to have 
been first noticed in 1777 by llofor, a P*lorontine 
apothecary, and its extraction was begun about 
1815, and to-day a largo part of tho oorio acid 
of commerce is derived from tho lagoons near 
Monte Hotondo, Lago Zolforoo, Sasso, and 
Lardercllo, in the Maremiua of Tuscanv, inclosing 
both natural and artificial vents, '^he aoffloni 
or jots of steam, which often rise in thick columns 
to a considerable height, contain only traces of 
boric acid, but when these are condensed in tho 
water 5f the lagoons this becomes gradually 
charged with tho acid which is obtained from 
tho solution by evaporation. 

To obtain the Doric acid, the soffioni are 
surrounded by basins of rough masonry, several 
of which are arranged in steps, one above tho 
other, in such manner that the contents of each 
basin can be led by gravitation into tho basin 
below. Fresh water from a neighbouring spring 
is conducted into the uppermost basin, whilst 
the gases and vapours of the fumaroles rise 
through the water from lieneafll, occasionally 
with such violence as to ejegb the w^^er to a 
height of several feet. After twenty-four hours 
t4ie water in the first basin, which is generally 
muddy, is alfowed to paii into the secodd basin, 
the first beipg recharged with fresh water. Alter 
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another twenty-four hours the second basin is 
discihar^ed into the third an^ the first into the 
second, the cMicotid and following basins being 
also built round soflioni. After naming passed 
through four or five of these basins, the solution 
is passed into rcctliigular reservoirs in which 
the suspended matter is deposited on standing. 
From those it pas-ses into a senes of leaden 
evaporating pans, placed in couples one above 
the other in the form of a te rrace. These pans 
are heated by the gasoa and vapours of sofTioni 
which, on account of their situation, are other- 
wise UHclcMH — by a method Hrst adopted by 
Count Lardarol in 181S. 'J'lio evaporating pans 
are square, about 1 foot deep and 9 feet square, 
and a^e Hupjiortod on wooden beams. The solu- 
tion is heated in these for tM(mty-four hours 
until it has attained a density of 1*017, when it 
is decanted into a second scries of pan.s, where, 
after anothiT twenty -four hours, it attains a 
density of 1 -034, an<l is finally decanted into the 
last fqur pans, where it is evaporated to a specific 
gravity of 1*07. 

The tomperatrsre gradually increases, being 
in the first pans about 00® to 70®, in the folio w'ing 
pans about 75®, and in the last as high as 80®. 

In all these pans a precipitation of gypsum 
takes place, which requires to bo nuuoved from 
time to time. When the solution in the last 
pans* has attained a density of 1 *07. it is run 
through funnels into the crystallising vats, con- 
sisting of wooden tubs lined with load. After 
twenty-four hours the crystallisation is complete, 
the mother liquor is then dii^cantod off and 
added to the evaporating pans a few hours 
before the completion of the concentration. 'J’he 
crystals arc drained in baskets placed under the 
crystallising vats for twenty-four hours, and are 
spread ^ut on the bottom oi a large drying oven, 
which is likewise heated by the vapour from 
the soflioni. The layer of crystals, which is two 
or three inches thick, is stirred at intervals to 
assist the drying. This is coinpb'to in twenty- 
four hours. An improved form of evaporating 
apparatus cousitCLs in decanting tiie solution in 
the rosorv(»ir8 from which the suspended matter 
has d(qM)sited into a pan, and thence running it 
into a slightly inclined trough made of sheet 
lead with the edges turned upwards.. The 
trough has an undulatory form, is supported on 
wooden sloimrs, and heated by too soflioni 
vapours. Tno solution of liorio acid, after 
passing tiirough this heate<l trough, becomes so 
oonoont rated as to bo ready for orystallisation. 

Artificial soflioni have been bored to a depth 
of 200«feet in the vicinity of the Monte Rotondo. 
The chief works are at Monte Ccrboli, Larderello, 
San Foclerigo, Castol Nuovo, Sasso, Monte 
Rotondo, Lustiguano, Serranzano, I^ago, and 
San JSduardo, each of which has from 8 to 35 
h^oni, 100 to 200 foot in diameter (Payon, 
Ind. Chem. transl. by P^ul). 

The boric acid thus obtained is far from 
pure. Analyses of different samples by Payen, 
Voffl, and Wittstein show that it contains from 
74 to 80 p. 0 . orystallisod boric acid, from 4*5 to 7 
p. 0 . of hygroBi^'pio water, ammonium and mag- 
oesium^ sulphatec# 8-1^ p-c., together witn 
gypsum, clay, sand, sulphur, organic matter, 
and free acids and ammonia. ** 

The Origin of the Shrio acid in the soffioni 
is lot understood. Dumas sug^este^ that it is 


formiMl by the decomposition by means of water 
of a bed of boron sulphide formed at some 
depth below the surface. Bolley (Annalen, 
68, 122) Buppose<l that it is produced by the. 
action of a hot solution of ammonium chloride 
upon the borates contained in the earth. Accord- 
ing to Warington (Chem. Gazette, 1854, 419), 
WoViler and Deville (Annalen, 105, 69), and 
Popp (Annalen, SuppL 8, 1), its formation is 
probably due to the action of water upon boron 
nitride. 

Dieulafait has found boric acid in regions 
where there are no visible manifestations of 
volcanic action, and concludes that it is of 
aqueous origin, and derived from the waters 
of ancient seas (Compt. rend. 100, 1017, and 
1240). 

Of late years the importation of borocite 
from South America and colcmanite from 
California, and also some Persian ores, has had 
a considerable effect on the Italian industry. 
Besides the obvious method of separating the 
bone acid from these ores by acidification and 
crystallisation, other processes are used for its 
eirtraction. 

One process consists in grinding the borate 
of lime or uloxite to an impalpable powder and 
treating it with sulphurous acid. 

A large wTOught-iron tank, circular in shape 
and egg-ended, is lined with stout sheet lead ; it 
18 iirovided with a cover and still head, mechani- 
ciii agitator, and steam pipes. It is first of 
all charged about lialf full with water or weak 
liquor from a previous operation. The liquor is 
then boiled, and the powdered borate fed in by 
means of an Archimedean screw. 

Sulphur is then burnt in an adjoining furnace, 
and the sulphurous gas is injected by means of 
a peculiarly constructed lead injector into the 
boiling liquor. A special type of sulphur burner 
for this proce.s.s is patented by the American 
B(>rax Co, (U.S. Pat. 809550, 1906). The gas 
is wholly absorbed by the calcium borate, 
which itself is slightly soluble in w’ator, boric 
arid and calcium sulphite bein^ formed. The 
steam arising from the operation, containing 
boric acid vapours, passes from the still head 
through a condenser in order to prevent any 
loss that would occur. When the operation is 
complete, the steam and gas are shut off, and 
the contents of the pan allowed to settle, which 
occupies about ten hours. The clear boric 
acid liquor i.s then ruif either into vats made 
from white sugar pine, or of ordinary wood 
leacUIinod, where the boric acid crystallises 
out. The mother liquors are then drawn ofiF, 
to be used over again if not too highly impreg- 
nated with foreign salts, or still further treated 
for the recovery of the calcium sulphite and the 
slight percentage of boric acid thev contain. 

Bigot (J. Soc. Chem. Ind. 1899, 830) obtains it 
by heating together borate of calcium and ammo- 
nium sulphate in a closed vessel. The ammonia 
driven off is condensed and collected, and the 
boric acid obtained by extraction of the residue. 

Another method is to treat boracite with 
sodium bisulphate, a by-product in nitric acid 
manufacture. The two are dissolved in theo- 
retical ^antitiesin water to adensity of 16® B. at 
100®. The solution is filtered and concentrated 
to 30® B. On cooling, the boric acid ciystallises 
out an^ very puce s(^um sulphate ill obtained 
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by concentration of tho mother liquors (HeicH- 
beii& Chem. Zeit. 1907, 31, Rep. 48). 

Chenal l>ou>ihct & C^. (D. R. P. 110421, 
1899) produce boric acid by taking advantage 
of the faot that when a borate is boiled with 
ammonium chloride, ammonia and borio ^id 
are pniduced. If the concentration is too high, 
there is a tendency to recombination ; the 
boric acid is therefore removed frequently by 
crystallisation from portions of the liquid, the 
mother liquors being returned to the main volume. 
By this process it is claimed that 98-99 p.o. of 
the boric acid in combination is recovered. 

In another process chlorine is passed into 
water at 70* containing finely powdered calcium 
borate in suspension. Calcium chloride and chlo> 
rate and borio acid are produced. The borio acid 
is removed by cooling, and the mother liquors 
used again until sufficiently conbeniratcci for 
convenient extraction uf the chlorate (G. C 
Blooro. Eng. Pat. 20384. 1890). 

Mktjilho Boii\tm. 

Borates are obtained by the action of boric 
acid on motallio oxides or their salts, in either 
the dry or wet way. 

In solution boric acid is a very weak acid, 
being expelled by almost all acids from its com- 
binations. partially so c\cn by carbonic and 
hydrosulphurio acids. A boiling concentrated 
solution, however, decomposes carbonates and 
soluble sulphides and manganese sulphide. 

In the dry way, at liigh toinperaturos, it is 
capable of decomposing the salts of all more 
volatile acids. 

Alkaline borates are soluble in water, but 
are precipitated by alcohol. Tho remaining 
borates are insoluble, or very sparingly soluble 
m water. 'J’ho soluble borates produce prooip ^ 
tates m solutions of salts of oalciuin, bariuu 
strontium, nickel, and cobalt, and of ferric salts 
which are readily soluble in aniinoniuin chioriclo. 

Anhydrous borates a^o produceil by fusing 
together, in a special furnace at 13.'30‘^-1400'' 
for three hours, Doric oxide with tho necessary 
([uantit\ of oxide, carbonate, or nitrate of the 
metal. With large excess of boric acid, lithium, 
potassium, sodium, rubidium, coisiuiii, tJialliuni, 
and silver produce clear fusions a Inch cither 
cr 3 ^talliMO or leave clear glassos on cooling. 
Cuprous oxide, and oxides of lead, bismuth, 
antimony, arsenic, titanium, molybdenuin, and 
tungsten prcKliice clear fusions at tho high 


temperatures which form emulsions on cooling. 
The oxides of %alcium. strontium, liariuiii. 
magnesium, sine, cadmium, manganese, iron, 
col^t. and niokel. do not give homogoneoua 
fusions, but separate into two layere ( W. Guertler. 
J. Soo. Chem. Tnd. 1008, 

Borates have also been prepared oleotn^lyti- 
cally by Levi and Oastellani by electrolysing boric 
acid and an alkaline earth enlorido in a special 
type of divided coll ( J. Soo. Chem. Ind. 1909, 248). 

Ammonium borates. LcuhrcllUc 
(NH4),B|oOi,.6HaO 

occurs in the Tuscan lagoons in small crystal- 
line rhomboidal plates (D'Aohiardi, (3iom. Soe. 
Abstr. 1900. fiOO). Atterberg (Zeitsoh. anorg. 
('hem. 1900. 48, 307) distinguishes a 9ihoratf. 
(NH 4 ) 4 B 407 . 5 H 40 . crystallising in tetragonal 
pyramids, bmides the pentaborate 
(NH4)40.6BaO4.3H40. 

crystallising in rhombic doublo pyramids pre- 
viously prepared by Ramnielsbcrg. Cf. Sborgi 
(Atti R. Accad. dei Lincei, 1912, 21, ii.* 860; 
1913, 22. i. 00). 

Barium borates. 'L'he int^nction of barium 
hydroxide and bone acid in aqueous solution has 
been studied by Sborgi (Atti R. Aeead. dei 
Lincei, 1914, 23, i 5:10, 717, 854). Tho only 
stablo compounds uliich appear to exist are tho 
triborates (BaO.SHaOj, \ 11*0) and tho inela- 
borate (BaO.BjO, \ H*0). 

Calelum borates Ca*B*Oii. Tliero are three 
varieties of calcium borate, which correspond to 
the three varieties of calcium carbonate, oalo 
spar, marble, aAd chalk — viz. boraci/e or pander- 
mite, colemanite, and pneite — each found in 
difforent parts of tho world in large quantities, 
ami of a well-defined and constant composition. 
^o.\erhoffer and van Hoff (Annalen, 100)^ 
. a1 tempting to prepare compounds of similar 
wompOMition artiticialiy. have obtained several 
other calcium borates. U'hose authors assign 
different compositions to colemanite and pander- 
mite. Boracxte, m oiitwanl appearance, closely 
rosombles a snow-white, finn-grained marble ; 
eolemantfe is of a crystalline naiuro like calc spar, 
or Iceland spar, und has been termed horaU 
spar : priei/e, or hechxlite, is a very fine, whiter 
.soft, chalky mineral ot a cohesive nature, easily 
rubbed to poader, and resembling chalk. 
Chemically speaking, they are all hydrated 
calcium borates, dilToring only in their composi- 
tion in rospodt to the water of combination, 
their composition being given in table below. 


— 


Oa*B *0||,4 Aq. 

CsiBfOii.SAq. 

Ca*B4(^i ,QAq. 

Borio acid 

66-8 

6.>3 

60-9 

48-8 

Lime GaO .... 

300 

28*4 

27-2 

261 

Water H,0 . . . . 

14-2 

18-3 

21-9 

26*1 


1000 

1000 

1000 

100-0 


Cf. Sboigi (Atti R. Accad. dei Lincei, 1913, 22. 
i. 639, 716). 

Boracite has been extensively mined at 
Sultan-Chairi, in the district of the Villayet of 
Brousa in A^ Minor, forty- five miles from 
Panderma. a port on the Sea of Marmora ; the 
principal deposits, as far as yet known, exist 


near the Tschataldga Mountain, in long. ^8° 2' 
oast of Greenwich and lat.^^" norw. The 
Susurlu river runs fixgp tho iflchataldga Moun- 
tain to the Sea of Marmomlff it is pa tly navi- 
^gated to a point called Mohalitoh ; the field is 
situated in a basin of^ertiary age, si|rrounded 
by volcanic rgcks, which vary from ffranito on 
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the eeet to tntobTte on the north, end columner , nerdino county, Caiiiocnia, 402 milee sonth^enet 
bemlt OQ tite west SovoraPbaaaltio hilli end |Of Sen Frenoisoo^ The geologioal formetion 
dyke, piotcnde TdiffZit portion, of the beein, I of the ranonnding hiU. ooneist. of black Uya. 
and the preMnee of hot and mineral .pringa ! Mmdrtonee of di&rent ooloi^ gy^m, itoatite, 
further tctiOe. to the volcanic inOuenoea which »nd calcium carbonatp ; it i. found m vein, and 
hare been at workf and in which, doubtlew, «eams from 2 feet to 8 feet m thieknem, in some 
originated the boracic mineral. The latter , caw. dipping at *n engw of 36*, and at othOT 
ocourainaatratum at the bottom of an enormou. running into the hiluidea almost honsontally. 
bed of gypsum I it. greater ap.gr. probably im- It* eolour and rtreak is white-milky to tran.- 
polling it ciownwardf, wiiilo tho whole mass was Parent ; hardness 3 5-4 ; 8p.gr. 2*4 ; before the 
yet in a soft sUto. Several feet of clay cover blowpipe it exfoliates, decrepitates violently, and 
the gypsum lied, which is hero 00 or 70 feet thick, melts imperfectly after considerable heating; 
though in places it attains to double that thick- it imparts a reddish -yellow colour to the flame, 
neai. ITio iKirate strata vary in depth, and have which changM to green. The fragments are 
Ijoen proved for a vertical distance of 45 feet, obscurolv rhombic and pulverise easily ; it 
'Hie mineral exists in closely packed nodules of »» wholly soluble in hot hydrochloric acid • 
very irregular size and Rha{>o, and of all weights from the solution boric acid crystulisea on 
up to a ton. It is easily soparatcil from tho cooling. ^ Lustre of the mineral is vitreous to 
dark-coloured gypsum m which it id embedded, adamantine. The veins and seams are inter- 
and a number of people are employed at the pit sporsod with masses of calcium carbonate and 
mouth in picking ami selecting tho material. It magnesium silicate, from w'hich, like the bora- 
is sold on a basi '4 of 40 p.o. boric acid, which cite, it has to bo picked and selected, 
wouhx be equal to 78 5 p.c. of tho pure calcium Its formula is OajB^OipSAq. ; it is sold on tho 
bo?ato with nvem(Vcculesuf water Ca,BgOi,.5Aq.. basis of 40 p.c. boric acuU Average samples 
tho remainder consisting of calcium sulphate and from tho bulk vary in composition from 33*8 
other impurities. P-c. boric acid up to 41*2 p.c. ; the following 

Borate spar or colemantie has been exten* analyses may servo as examples of the general 
sively mined since 1883 at Calico, in Sail Ber- composition : — 

Borate Spar. 


Componfint parts 

1 

2 

8 

4 

‘ ] 

^Calcium borate Ca.B«0,t5.Aq. . 
('alrlum carbonate CaCOg 

66-2 

70-4 

760 

7800 

80-80 

16-3 

16-1 

11-6 

8-75 

7-17 

Insoluble matter SiOj 

10-8 

10-2 

8-0 

7-10 

7-60 

Keinaining impurities MgO, &o. 

m. 

1 70 

4-3 

4-5 

6-15 

4*43 


U> * 

1000 

100-0 

100-00 

j 100-00 

to boric acid .... 



33-8 p.c. 

35-9 p.o. 

38-2 p.c. 

39-8 p.c. 

i 41-2 p.o. 

' 


Borate spar is also found in the neighbourhood 
of Furnace (’n’ck, Inyo county, California; its 
outward appearance is Iroquontly ho exactly | 
like calc soar as often to be inistakon for that 
mineral. Pricoite has hitherto not been so ex- | 
teiisively mined an boracite and colomaiiite ; a | 
mine of this imiieral, however, exists at Lone | 
Kaiioh, ('hetoo, Furry, county Oivgon, from i 
whicli source, Ninoe the first cargd was extracted 
by E. L. Fleming in 1888. several hundred tons 
have boon taken. It is found embedded in 
boulders of diflerent size, tho nodules varying in { 
weight up to one ton. It is of a soft ohidky 
nature, purely white, can bo easily rubbed to 
powder, but is of a cohesive charaoter ; it is 
very soluble in siilphiirous acid, hydroohlorio 
acid, or aootio aoid, yielding boric acid. The 
following analysis from bu'k shows its composi- ; 
tion : — , 

Boric aoid , . 44-24 

Lime CaO . . 30 01 I 

Water H|0 23-00 

Biaguesia M<K> . . 0-05 

Silica SiO 1-20 

10000 

Bechil**e is a oaloiur borate found in the 
lagoons in Tuscany. I 


Its composition is represented by tl.o formula 
CaB^O^SHjO. 

BoronatrocalciU, UlexiU, fizo, coitonballSt 
haytiunt CagBgOtiNa^B^Ow.lOHiO. is a soft, 
fibrous, silky mineral of a brilliant white when 
pure, generally found in nodules of a yellowish- 
a bite colour, varying in size from that of a 
Brazil nut to a potato. This curious mineral was 
first found in the nit*-^ beds of Peru in small 
quantities, and was examined by Ulex in 1836. 

, It was discovered in Tarapaoa, 30 miles from 
! Iquique, under the crust that covers the nitrate 
of soda beds. It has since been discovered in 
Qiile, Bolivia. California. Nevada, Nova Scotia, 
and Persia, 

Its composition is constant, containing, when 
pure : 

Boric acid B^O, • • . 43-1 

Lime CaO .... 13-8 

Soda N^O .... 7-7 

Water BT.O .... 86-4 

100-0 

The nodules are frequently found inemsted 
with a coating of sodium sulfate and salt, 
from which cause the percentage of boric ac^ 
in large psroeb varies considerably, the average 
being from 18 to .6 p.c. 
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Chile hM hitherto been the principal aoaree | It is also fouo^ in nodules in grey Umcbiono 
of supply of this borax material. Ulexite» when et Werksthal, Hui\gary, and at ]3anbifry» Con- 
in a state of fine division, is difficultly soluble in nectiout. United States, 
boiling water. | SusaexiU is a hydrated borate of manganese 

CWwm boroailicaU. Doiolite (Howlite). • and maspesia found in Sussex county. Now 
A siliceous borate of lime, colour white, streak , Jersey, United States. Tourmaline, found in 
white, opaque, of a chalky nature, found at 1 different parts of the world in different cotoiiis, 
Cal^, San Bi^ardino county, Califoniia, ana also contains a small percent ago of boiio 


at Brookville, Nova Scotia. 
Boric acid B|0} 

Lime CaO 
Silica SiOg 
Water H,0 . 


Composition : 

. . 44-22 

. 28-69 
. 16-26 
. 11-84 


acid. 

Potassium borates. AUorl>erg distinguishes 
five different potassium borates : a nionoboratc 
KgO,B.Og,3HgO ; throe diborates KaO,2BjO, 
crystallising with 4, 64, and 6 molecules of 
water respectively ; anu Laurent's pentaborato 
K.O,6BgO|,8HgO (Zeitsoh. anorg. Chem. 1006, 
367). • 

Sodium borates. The only oommcroially 
important compounds aro sodium di borate 
(e. Borax) and the perborate (v. Perboratee)* 
The metaborate NaB0„4H|0 is readily obtained 


100-00 

Copper borate is readily obtained by treating 
a soluble borate in solution with copper chloride 
or sulphate. It is blue, and used in certain 
oil paints and also in the colouring of porcelain. 

I by fusing together the' necessary proportions of 

la^onife FegOgiSBgOg.SHgO, is found m the gnj sodium carbonate, and crystal- 

Tuscan lagoons. 

1^ bowtes. By mixing conoontrat^ Acid borates Na.O-SH.O, and Na,0,4B!{), 
solutions of lead nitrate and borax, the moto- at tiW’ and 783“ rcHiKM-tively may bo 

borate rb(BOj)j,H,0 is precipitated, and by nhtained by fusing niixtiircs ol borax and boron 
the use of solutions of smaller concentrations (,)yxide. 

Rose obtained many basic salts. They all melt Sodtum dtborate.^r Borax. Borax occurs in 
on strong heating to colourlw or light-yellow, state in what are termed borax 

highly refractive glasses, the hardness increasing marshes, which are gonoiiilly the bottoms of 
with the Iwron content. CdiwHCs may be ob- ig^es, or, where tinoul is found, lakes 

toinwl by fusing together lead oxide and boric 

acid in any proportions greater than 0 0/25 f^^^mcr instances is found lying on the surface 
equivalent of 1 bO to 1 equivalent B ,Oj, but plain# of a peculiar ftroyish-yellow 

below this limit an enuilsion IS fornieil on eoolm^^ having a depth of from I Inch to 18 

Magnesium borates. blMsfurlUe {Bzatbetyte^ inches. It is generally associated with other 
This mineral Mcurs crystalline and m^ivo, . g„h8tanc(*s, both sohil>le and iiisoluble, as the 
colour white streak white, fracture conchoidal , of analyses below shows, 
uneven, subtransparent. translucent, lustre , jgg Jhri in Northern India, iniler 

vitreous inclining to adamantine, hardness 1 ^ ^ Umballa, there is a borax refmory, the 

8p,fl;r. 2 83 loro-electric, soluble in acids. U ! ^hich is shipiiod to Calcutta. Thb 

la found at S^sfurt, Pni^ssm, ornbodded m th^ » ^ gmi borax obtained from 

kainite bods, the composition being: ' ^ 

Boric acid B^O, 

Magnesia MgO 
Chlorine Cl 


Magnesium Mg 


62 33 
27 03 
7-91 
2-73 


100 00 


quantity of 

the districts of the Himalayan Mountains 
amounta to about 2(KK) tons per annum. Tl o 
tincal dopoHiis aro of vevy^ anc-icnt origin. 
In North America there aru no Icmm than ten 
deposits, five of them being in (he State of 
California — at Saline Valley, Furnace Creek, and 
Ai-iiiagora(ui Invo county), .Slate Range (in San 


OOMPOfilTlON OF CRUDB BoBAX mOM TUB lirARBlIUS. 
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* 

3 

4 * 

3 

e 

7 

s 

Sodium bibnrate 

30*30 

38-3 

2*10 

63 08 

1*9 

33*30 

6-62 

45-20 

Water 

37*68 

40-8 

14*08 

39*24 

26-7 

26-88 

16*46 

43-80 

Sand and insoluble matter 

18*00 

10-9 

12*80 

1*20 

33-0 

2-40 

8-80 

7*16 

Sodium carbonate 

O-IO 

6-3 

16*10 

6*50 

34-3 

13*70 

18*30 

2*76 

Sedium sulphate 

C-26 

0*1 

1910 

0-36 

0*6 

8*26 

20*22 


Sodium cbloride 

0-60 

0-4 

34-00 

0*60 

0*7 

16*40 

28*20 

0*40 

Calcium carbonate . . 

3*28 

2-4 

0*70 

— 

9 ^ 

0*60 

0*80 

0*30 

Magnesium carbonate 

2-26 

0*4 

0-30 

— 

0*6 

0*30 

0*50 

0*30 

Oxme of iron and alumina • * 

1*62 

1*4 

0*22 

0*13 

1*3 

0*17 

0*20 

0*10 

1 

1 

1 

loo^o” 

100-0 

100-00 

i 

100*00 

1 1 

100*0 

100*00 

~ ^ 

100-00 'lOO-OO 

1 


Bernardino county), and Lower Lake (in I^ko i California, in 1866, by Dr. John A. Veatcb, since 
county) ; the remaining five are in the State o| ’ which time the different ^posits nihntioncd 
Nevacm^t Rhodto, Teels Afarsh, Columbus, jiiave been develojped, and the available aupply 
and Fish Lake (in Esmeralda county), and Salt > is practically unli^tedi and is solely /egulated 
Wells (Cdison Lake, Churchil) -county^ I by the demand. The exports of Borax from 

Bom was first accidentally disoovcied in'; America have increased very greatly of late 
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y«MS, aiidf to a large extent, have taken the 
place ofHhe Italian product. 

Ck>mmorcial)y, borax w valued by evaporating 
to ^yneM a known Weight of the sample with 
hyorochlorio acid, and estimating the chloride 
\olu metrically in tho residue with silver nitrate. 
Any chloride present in the sample as impurity 
is estimated separately and allowed for, the 
percentage of borax being oalculatcvl from the 
equation • 

Na,B 40 ,+ 2 Hra I r>ll,0«2NdCH-4H3B0,. 

Properftfa,~~horax forms two varieties of 
crystals, (l)the decahydraie, uhich h produced 
by allowing solutions of borax to cryMtailiso by 
cooling down to the ordinary temperature; (2) 
octaftearal borax, which is a pen tahv< Irate which 
sepa rites out when the solution is allowed to 
oryMtalliHe abov u TAf, 

1, Ordinary or pnamcUic borax Na2B407, 
lOHgO forms large transparent rnonoelinic 
priHmg With tnineated lateral edges. They 
ef^^orosco w hen exposed to the air, have a rather 
sweet cooling a^aline taste, ami a sp gr. 
of 1*75. When heated thnv melt in their 
water of cry8talli.sntion, swell up, nml leave 
a jMirouM s}X)ngy iua.Hs, (‘ailed burnt or calcined 
borax (borax umIu), ami fusv at a red beat to a 
colourless anhydrous glass (vilrilusl borax) with j 
a sp.gr. of 2*30, whioh gradually absorbs 
water from the air, reforming prisniatio Isirax. 
At 02^ the dccahydrate undergoes transition 
into the pentah^driite Nu,B407,riM j(» At 
13(r thif salt contains 3 mols. , at l.'iU , 
2 niols. at 180', 1 mol. li^O. At 31H" 

It U'coim'H anhydrous. 

VVIi(‘U borax is distilled with methyl ah'ohol, 
about 50 p.o. of the boric acid comes over fairly 
' 4-eadily, %wX on longer treatment nearly 00 p.e. 
Kroin the liquor reinaiiimg in the flask, crv.stals 
of NaBO„5CHjOII separate (roleD.ske, Analyst, 
1002 , 34 ): 

Borax dissolvi's ui water, but i.s insoluble in 
aluohol. The a(|u<*ous solution has an alkaline 
reaction, -and elus ges the eoluur of an aloohoilo 
solution of tiiriiK'ric to brown ; a small quantity 
of a mineral acid reston^s the original yellow 
colour, but a larger quantity liberatee bone acid 
ill siifticiimt quantity to produce the character 
istie brown colouration. The following deter- 
niinatiuns of its solubility are those of Horn 
and van Wagener (Amor. Oheiii. J. 11)03, 
340) 


r 

100 graiUH }l|0 dla- 
8(>lvo of nnliyilrous 
borax Nasn 40 | 


100 itTAiiH H|0 dlti- 
advo of iinh> (Irous 
burax Na|B 40 | 

6° 

1 ‘3 gram 

(i0° 

. 10 9 grams 

21*5° 

. 2*8 

70° 

. 24 4 

30° . 

. 3 9 

80° 

. 31*4 

45° . 

. H*l 

00° 

. 40*8 

60° . 

. 10*5 

^B)0° 

, 52 3 

66° . 

. 14*2 




For conditions determining the cr^’stallisa- 
tion borax, see Iiovi and (^astellani (Gazz. 
chim. ital. 1901, 40, i. 138). 

At the temp^«ature of 27°, borax solutions 
hold 1 1^ of bora? to the imperial gallon, and 
have a i|>.gT. of 1*500, or 10° w. The general 
omtalliung strength is 1*160 Bp.gr., or 3^ Tw., 
when the<^solution holds Iba. d borax to the 
gallor, oiyatallisation commenoin^ at 66*5°. 


Borax is easily decomposed by acids. Hydro- 
chloric acid leaves, on evaporation, sodium 
chloride and free boric acid. Caidtonie acid is 
absorbed by a solution of borax from the air, and 
no borax is precipitated on the addition of 
alcohol. Saturatea with sulphuretted hydrogen 
and mixed with alcohol, the liquid separates on 
the addition of ether into two layers, the lower 
containing sodium sulpludc, the upper free boric 
acid. 

It forms double salts with arsenious acid 
of the empirical formula. 

3Na,O*6B3O,*5A84O,4-10Aq 

(Schweizer, J. 1850,257). Witb sodium fluoride 
it forms sodium fluorboratc. When 1 pt. tar- 
taric acid is mixed with 2 pts. of a hot solu- 
tion of borax, boric acid separates out on 
cooling. If the tartaric acid he increased, the 
H(*paration of bone acid likewise increases up to 
u certain point, after which it dimimshes, and 
ultimately is no longer separated. Actd tartrate 
of potassium forms a double salt with borax. 
Silicic acid is insoluble, or nearly so, m solutions 
of borax. 

Hcnzoic, tartarir, and gallic acids dissolve 
more readily in borax than in water Many 
fatty acids and resins dissolve as leadily ih 
borax as m alkaline leys, the Imrax bf^having 
like a mixtun^ of bone acid and free soda. 

Borax fuses at 730^ and ri'adily dwsolvcH and 
unites with metallic o.\idcs, forming a fusible 
glass of a double salt, which property renders it 
of gHMVt use in soldering and in imdalliirgical 
•qicraiions ami in blow{>ir>e anuhsis. the glasses 
thus formed often exhibiting chametc'ristic 
colours. It IS used also in the preparation of 
easily fusible glass ilinxes for enamels and glazes. 

2. Octahe^al borax NajB407,6H,0 is ob- 
tained by allowing a saturated solution of borax 
to cool down to irianit (>0° in a warm place and 
removing the crystals. 

The crystals are rt'gular, transparent octa- 
hedra, harder than the ordinary borax. They 
have a conohoidal fracture and a sp.gr. of 1*8. 
They do not change in dry air, but absorb 
moisture very readily and become prismatic. 
They fuse more readily than the prismatic 
crystals, and with loss intumescence, and with- 
out splitting. Octahedral borax is therefore 
better adap^ for soldering and as a flux than 
common ikrax, and the smaller quantity of 
water (a difference of 17 p.o.) diminishes the cost 
of transport. The prismatic variety is, how- 
ever, generally preferred, probably because it is 
chearor weight for weight. 

The commonest impurities* in borax are 
sodium carbonate and small quantities of 
chlorides and sulphates of sodium, calcium, and. 
magnesium. It is occasionally adulterated with 
earthy matters, alum, and so^um chloride. It 
should dissolve in two parts of boiling water and 
should not effervesce with acids. The aqueous 
solution should not be tendered turbid wbto 
treated with an alkali, or writh barium chloride 
I or silver nitrate in presence of nitric acid. 

The manufa/Uun of borax from boric acid, 

* This industry is chiefly assooiated with the 
I pioduction from the Tuscan lagoons. The crude 
|aokl, packed in Ifm casks weighing about 13 
i^iwts., otf'airival at Uie borax works is first of all 
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nuuupulated m the casks thomselves. For Uus 
purpose, the cask is placed on what is termed a 
•tillage, the head* taken off, the acid loosened 
with a spade and treated with small quantities 
of water for the purpose of rushing out the sul> 
phates of ammonia and magnesia, which, on 
account of their greater solubility, easily sepa- 
rate from the loss soluble boric acid, the wash- 
ings being used for the recovery of the ammonia 
and magnesia they contain, "whilst the acid, 
wh oh formerly contained 83*46 p.o. BtO.SAq. 
or equivalent to 128*5 p.c. borax, is brought up 
to a strength of 96 67 p.c B.OjSAq. nr equivalent 
to 148*87 p.c. borax. The acid. afU'r draining 
for twenty-four hours, is then placed ui wicker 
baskets and transferred to the saturators. I'hcso 
are made of wrought- iron j| plates, having a 
diameter of 10 feet, egg-eiideci, height 0 feet 6 
inches, provided with uoppicr and swivel dis- 
charge, still head, inspection gla-sses, run-off 
stop-cocks, and connected by steam pipes with a 
perforated iron coil in the bottom of the pan for 
the purpose of boiling the lx>rax litiuor with 
injected steam. There is also a maimolo with 
movable cover. When the saturahir is rea<!y 
for charging, liquor is pumped in to the height 
of 4 feet, or 2300 gallons, which is then boiti'd 
with steam and soda ash. Anhydrous sodium 
carbonate is then added, about 23 cwts. lieing 
generally requin'd to 60 cwts. of acid. When 
tfie soda ash is all dissolved, the manhole lid is 
placed on, and the bone acid is mit m by 
degrees through a hopper, half a luinciredweight 
at a time. At cai'h addition of oi'id a brisk 
ebullition of carbonic acid takes place, which 
passes along the still head, and after bcung de- 
prived of its ammonia may bo utilised for making 
bicarlionate of soda. 

Alter the saturator has received its charge of 
soda ash and acid, the liquor is thoroughly boile<l 
for 6ve hours and allowed to settle, m order that 
the solid impuritios may subside. This gene- 
rally occupies from eight to ten hours, after 
which the liquor is nin into Urge wTought- 
iron vats 12 feet long, 6 feet wide, 4 feet deep, 
into which the wires made of iron, technically 
called ‘ strap,' are suspended over bars of wood 
laid across the top of the vat. The liquor on 
cooling crystallises on the wires, sides, and 
bottom of the vat, and when the temperature has 
fallen to 26^ (80*F.), the liquor is siphoned off 
from the vats, and men ^et in, and, bv the ai<i of 
iron bars terminating m a chiselled end, first 
remove the crystallised borax from the straps, 
then out up the borax crystallising on the bottom 
of the vat, and lastly knock oowrn the sides. 
This borax is not of sufficient purity for the 
market, and is, therefore, subjectkl to a second 
refining, and, if necessary, bleaching. For this 
purpose a series of pans, called refining pans, are 
employed; they are also of wrought iron, 
circular, 9 feet diameter, egj^-ended, 8 feet deep 
open at the top and provuled with cradles of 
wrought iron perforate with holes, suspended 
by iron chains from a patent block overhead in 
such a manner as to be raised or lowered in the 
pans as required. The pans are boiled with 
steam issuing from a prorated pipe in the 
bottom. They are first naif filled with watv, or 
some of the clearest liquor from a previou* 
operation, and when the liquor is boiling crude 
borax is thrown into cradle and allowed to 


dissolve. The right amount of borax is tested 
by means of the Twaddtdl hydrometer, which 
should read 30* when the liquor is of tht* required 
stren^h. About 5 cwts. of sodium carinate is 
added, and a little chlbrido of lime, and the 
wholo thoroughly boiled. ^The saturated liquor 
is then allowed to settle in The pans for ten hours, 
rovers being placed on them to prevent the 
liquor chilling ; the pans are run off into vaU of 
similar siro and shape to those employed in the 
first process, and the bora xnallo wed to crystallise, 
whion takes six days. Upon the expiration o! 
that time, the liquor is siphoned off to a well, 
made by sinking a wrought-iron tank in the 
ground Ik^Iow the level of the vats, and, if impure, 
IS pumjHHl up to the ndining pans to bo iisihI over 
ogam, and if sufluMiMitly pure i.s pumiHMl*to boil- 
ing-dowTi ])ans, to l>e concentrated to such a 
degree as to yield a further crop of borax. 

The liiiuors from the first vats are also 
pumped to tho boiling-dowm pans, where they 
fikowiso undergo a proeivia of rononntration. 
rhe.so boding -down nans are inodo of wrought 
iron, autl are oapnble of holding about 4000 
gallons. 'I'hoy are prov idiMl \rith dry-st^^ain coils, 
and are sujM^rior to other means of coneon tra- 
turn from tho fact that they are coinj)lot>oly 
under control, and the evaporation of the liquor 
can bo rogidatt^l i* fast or as slow as may bo 
necessary. 'I'lu* liquors lu these pans are ooiioon- 
tratod until they reach a .sp.gr, of l^3(X), or (K)* 
Tw., when they are run off into vaU to yield first ♦ 
a crop of Inirax, and them ujion reaching a tern- 
jsTaluro of H()®F. they are sqi^oned off into 
other vats, wlhTO they’ yield a eron of (dauber 
s dts, or hoduiin sulpliato, aftiw whieti the liquors, 
iMMng rich in Bodiiim carbonate, are used again 
in the suturutois for making up a fresh baicu of 
tmrax with acid and soda ash. Tho mother 
liquors, strong m cominon salt ana weak '/h 
BCKiiuro carbonate, are further concentrated in 
i jacketed pans, where, on continued boiling, tho 
* salt falls to the bottom, is collect<ed by moans 
of r.ikos, and fished out with perforated scoops 
I provided with long wooden handles, and the salt 
IS ladled into iron baskets sti over tho pans and 
allowed to drain. By this moans all tho salts 
contained in tho soila ash and boric acid are 
saved, and nothing is run to waste. 

The washings from tho boric acid In the 
first process, containing tho ammonium sul- 
phate and magnesium sulphate, are collected 
together, and placed in a wrought-iron still pro- 
vided with a dry •steam coil. The roouisite 
amount of sodium carbonate is then added, and 
the ammonium carbonate is distilled off, yield- 
ing a highly concentrated and very pure oarbon- 
ate of ammonia liquor, which is either sold in 
that state or utilised for making tho purest 
volcanic ammonia salts. 

The borax from the refined vats, consisting 
of the straps and syles, is carried ta tho packing 
room, there to be picked, selected, and packed 
in casks, whilst the borax bottoms, not being in 
the form of merchantable borax, are refined again. 

Jfanu/aciure of borcuBmfrom boraU of Unu, 

The mineral is first c»«ished in a stone 
breaker, the sire ot jaw being S inchee and 
known aa No. easily oapabld of crushing 
12 tons in twenty-four hours. Aa the mineriu 
panes through it is soken up by an elevator and 
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run through millBtoiies, 30 inches in diameter^ 
and plafijBd by the side of the crusher. There 
are two jfMiirs, one grinding fresh ore and the 
other grinding tho filings. The millstones 
deliver the powdered ore into another elevator, 
which passes it thifugh a bolting or sifting 
machine, 10 feet long aiid 30 inches in diameter, 
having octagonal sides, the bolting cloth being 
of silk known as No. 8. As considerable fine 
and impalpable dust arises from tho sifting, it is 
kept down by means* of an exhaust fan blowing 
the dust into a dust room. The fine mineral is 
conveyed by means of an Archimedean screw 
and elevator into bins, each holding a certain 
quantity and placed over the saturators. These 
are ^vrpught-iron tanks capable of holding a 
charge of 2600 gallons, and provided with suit- 
able agitators and either dry or wet steam coils, 
tho bottom of the saturators being connected 
by 3-inch wrought-iron valves and pipes to a 
powerful pump for the purpose of removing the 
contents of the saturator when desired. The 
saturators are grouped together in sets of four 
for facilitating the J/xiviation of the contents by 
means of repeated washings, after the first de- 
composition of the mineral. The saturators, 
as in the case of the manufacture of borax from 
boric acid, are first charged with liquor and 
brought to the boil ; a charge of soda ash, 
usually about 30 cwts., being put in, which is 
Bufiicient to decompose three tons of tho borate 
of lime which is gradually added after the soda 
ash is all dissolved. Tho soda ash gradually but 
completely decomposes the se6qui})orate forming 
calcium carbonate, borate of soda, and biborato 
of soda : 

CfttB,0„+2Na,CO, 

=2CaC0,4-NaaB40,+2NaB0,. 

After i boiling five hours the steam and 
agitators are stopped, and tho muddy liquor 
allowed to settle for ten hours, after which time 
the clear supernatant liquor is run off to vats to 
crystallise, and the residue. is again washed with 
weaker liquor from tho saturator previously 
washed, tho operation being repeated of boiling 
and washing with the gradually weaker liquors 
from the other saturators in rotation. By the 
time the mud has received eight washings, the 
last being with water, the whole of the borax 
will have been removed, and the chalk which is 
left is then pumped through an iron filter press, 
which completely presses out the remaining 
^veak liquor and leaves the chalk in a solid cake, 
which is generally thrown to one side, being too 
impure for any purpose. The first liquor run to 
the vats^ contains the biborate and borate of 
soda, together with carbonate and sulphate of 
soda in solution. The biborate of soda or borax 
crystallises out after cooling in the vats for 
about six days, leaving the borate of soda in 
solution. The liqupr is then siphoned off into 
the well and pumped to th^'boiung-down pans, 
where it undergoes the process of concentration 
until it reaches a sp.^. of 1-350 to 1*400 (70^ 
to SOtTw.), when it is run off into vats and 
allowed to throw a fufther crop of borax.' The 
mother liquor is 4r9w of a syrupy consistence, 
and is pumped into^ deodjaposingtank, where 
carbon diolide is blown through it. The following 
decomposition takes place : — 


a finely divided state, whilst the sodium car- 
bonate remains in solution, and can be used over 
again in the saturators for the first operation. 
Tbe refining of the borax from the first process is 
the same as that employed in the boric acid 
rocess, and therefore need not be further 
escrib^. The only precaution necessary is the 
addition of a little bicarbonate of soda in the 
ns to decompose any borate of soda that might 
associated with the borax. Three tons of 
borate of lime produce 2 tons of borax and 1 ton 
of borax in the state of metaborate of soda. Meta- 
l^rate of soda may bo formed by mixing the con- 
centrated solutions of borax and caustic soda 
together in their equivalent quantities, and 
evaporating to 70®rw. ; 

NajB^O, +2NaHO =4NaBO* +HaO 
from which the metaborate of sovla crystallises 
in needle-shaped crystals having the formula 
NaB0*,4H,0. 

100 parts of metaborate of soda, when de- 
composed by carbonic acid, produce 65*6 parts 
of borax and 34*4 parts of sodium carbonate ; 
about 30 cwts. of borate of soda thus produce 
20 cwts. of borax. 

The following process is used by Masson, 
Gembloux, and 'i'llli^re, Brussels. An am- 
monium salt is treated with lime in a distilling 
column and tho ammonia sot free is passed into 
water contained in a digester, and tho digester is 
then charged with carbonic or sulphurous acid. 
The digester is gently heated and pandermite is 
introduced. It is then closed and more strongly 
heated for several hours, whilst the contents are 
mechanically agitated and are transferred, when 
tho action is comploto, to filter presses, whence 
the liquor passos to a fuacbion cliamber wlicco it 
Is agitated with sodium chloride and, alter 
addition of a little ammonia, is discharged into 
crystallisors. After removal of the borax which 
crystallises out, the mother liquor is used instead 
of water in the succeeding operation. After 
several operations, the mother liquor requires a 
special treatment. 

In this process, an ammonium biborate is 
first obtained by tho ammonium carbonate 
treatment of calcium borate, and from this am- 
monium salt borax is obtained by double de- 
composition with sodium chloride. Boronatro- 
calcito may be used instead of pandermite if the 
process is slightly modified. 

Manufacture of borax from vlexite. 

Borax is manufactured from this mineral at 
the various deposits, and also in England, 
France, and Germany, to which places it is ex- 
ported from Chile and California, selected and 
packed in sacks. 

The first operatiod consists in reducing the 
material to a state of fine division, and for this 
purpose a mill is used so constructed as to tear 
tho borate to pieces instead of grinding it, which, 
owing to its fibrous silky nature, is found pre- 
ferable. 

The borate is then mixed with its proper 
proportion of soda ash and bicarbonate of soda, 
or soda ash and boric acid, having regard to 
the fact that, if associated with muSi gypsum, a 
jportionate additional allowanoe of soda aA 
must be made, as the gypsum decomposes the 
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and ehalk. The compoaiUon of ulezita being 
Ca,B.Oii*Na 2 B«C« it lequiiea one equivalent of 
bioaiTOnate of soda and one equivalent of car- 
bonate of soda to decompose it : 
2(Ca,B,0,iNa,B40,)-f2NaHC0,+2NagC0, 

=5Na,B.0,+4CaC0,+H,0. 
These ingredients are all mizc^ together in the 
dty state. The process adopted is similar to the 
processes already described — ^namely, that of 
first boiling the liquor in the saturator, then 
graduaUy adding the crude material, boiling, 
settling, lixiviating. 

100 parts of the ulezite, testing 43 p.c. boric 
acid, require 10 parts of bicarbonate of soda 
and 12 parts of carbonate of soda, for its con- 
version mto 117 parts of borax. 

Manufacture ofhoraxfrom crude borax. 

This branch of the industry is generally 
carried on at the borax marsh. It may be 
desirable to give a description of the Saline 
Valley, Inyo county, California, where the most 
extensive deposit of natural borax exists in 
North America, before entering into the details 
of refining. 

The valley, situated on the eastern slope of 
the Sierra Nevada Mountains, 11 miles from the 
Ctfrson and Colorado railroad, is 18 miles long and 
12 miles wide, surrounded with mountainous hills 
which afford no outlet, and therefore the valley 
may be said to be the bottom of a dried-up lake. 
At the point of deepest depression an area of over 
1000 acres is covered with crude borax from 6 to 
18 inches in depth. The colour of the crude 
material as it lies upon the level plain is a peculiar 
grey yellow. The borax in Saline Valley is 
mixed with sand, which is volcanic ash and de- 
composed lime rock, sodium sulphate, sodium 
carbonate, and sodium chloride. The surround- 
ing hills consist of granite, marble, dolomite, 
black lava, and felspar. The composition of the 
crude material varies in strength from 10 p.c. of 
borax up to 90 p.o., whilst in some places on the 
marsh — under a crust composed of sodium sul- 
phate, sodium carbonate, and common salt — beds 
of tincal, or large crystals of borax, some two 
feet in thickness, are found ; whilst below the 
tincal there is a strong saturated yellowish 
liquor containing 1 lb. of borax to the gallon. 
All the manipulation that is required is to 
shovel off the surface of the marsh to a depth 
of 18 inches and cart the material to long 
hemispherical wrought i.on pans set on arahes 
of stone, fired beneath with wood fuel obtained 
in the neighbourhood. The pans are charged 
with water, and the crude material thro\vn in 
and vigorously stirred with long poles, until, 
with the aid of heat, all the soluble salts are 
dissolved. The fires are iihen withdrawn, and 
•the contents of the pans allowed to settle for ten 
hours, when the liquor is drawn off into vats, 
where the borax erystallises out. The mother 
liquor after six days is drawn off, and the borax 
is taken out and packed into sacks for shipment. 

Borax and borio acid are applied in the 
manufacturing industries as follows : — 

Brick and tile makers. Glased surfaces. 

Candle makers, Pteparation of wicks. 

Cemerd, Making the finest kinds, which take p 

polish. 

Chifta and earthenware. In preparing a frit 

used for glazing what is ischnical^ terme<| 


* biscuit ware * in pottery of all descrip- 
tions. 

Colour makers. In preparing Guignet's green 
and borate of manganese (a drier). 
Coppersmiths, In brazing. 

Druids, Pharmaceuti^ preparations. 
EnameUed iron. An enamellea coating to oast 
and wrought iron. 

Glass, Making pastes and as an ingredient. 

Hat makers. Dissolving sl^eliao for a stiffener. 
Ironsmiihs, In welding. 

Jewellers, In soldoring. (Ancient name for 
borax, ‘ chrysocolla,^ gold-glue.) 

Ijaundresses, As a starch-glaze for linen. 

Paper makers. Superfine note and highly glazed 
paper and cards. 

Pork packers. Curing and preserving hams and 
bacon. 

Safe makers. Lining safes to resist fire. 

Soap makers. As an emollient. 

Tanners, Dressing leather. 

Textile manufacturers. Solvent-bleach ; mor- 
dant : fireproofer. * 

Timber merchants. In preparation of hard ffom 
soft wood. 

Zinc borate is formed by adding borax in 
slight excess to a solution of a zinc salt. For 
conditions of formation, see Borchers (Zeitsch. 
anorg. Ghem. 1910, 68, 269). 

Perborates are salts of the acid HBO, or 

UO’BC^ I which has not been prepared in the 

free state on account of its instability. The 
alkali and alkaline earth salts arc soluble in water 
and have an alkaline reaction. They behave in 
solution like mixtures of borates with hydrogen 
peroxide ; the active oxygen being liberated by 
neat, by acidifying the solution, ora by largo 
dilution. Oxydases, reductases, and manga- 
nese dioxide cause them to give up the whole of 
their reactive oxygen. TJiey convert chromic 
acid and molybdates into nerchromio acid and 
yellow permolybdates. They readily oxidise 
protoxides and their salts int^higlier oxides, but 
do not always fo.m perborates with them. 
Ferrous, mercurous, manganous', and lead salts 
yield higher oxides ; the salts of otlier metals 
yield perborates of an indefinite or basic com- 
position. Perborates of the alkali metals may 
be obtained by careful precipitation of solutions 
of alkali borates with alcohol in the presence of 
hydrogen peroxide. 

Ammonium perborate NH4BO„U|0 is the 
best characterised of the several perborates 
resulting from the action of ammqpia and 
hydrogen peroxide on ammonium borate. It 
contains 16*84 p.o. of active oxygen. 

Potassium biperborate KB, 05 , 2 H ,0 is 
obtained by tlie action of hydrogen peroxide 
on potassium borate. % 

Sodium ferbor&te NaBOg, 411,0. When 
248 grams of borio acid are mixed with 78 grams 
of sodium peroxide and added gradually to 
2 litres of cold water, the mixture dissol/es at 
first, but later a crystalline substance separates 
out which may be filtered offwind dried. This 
substance, wmch ha# a cc^position Na 
I lOHgO, is called ' perborax, and is soluble in 
^ water to the extent of 42 grams per litre at ll**. 
When one-half of itsttodium is dispktoed b^ a 
I mineral acid,ea crystalline precipitate of egdeum 
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perborate^ Nft0‘0'B^^-f-4H,0 separates oat. 

This is a ve^ stable substance, and can be. prc- 
lerved indennitely at ordinary temperatures, 
it dissolves rea<iily slight decomposition in 
vater at and a vigorous ebullition of 

>xygen takes place at. KXJ’'. The cold aqueous 
solution possefises all the properties of hydrogen 
lerosido. When powdenHl sodium perbotate is 
idded gradually to !k) p.c. sulphuric acid, and 
.he solution iiltored through guncotton a very 
itrong (l/iO-2<X) vols.) solution of hydrogen 
,}f5ioxido is obtained. 

For the constitution of the perborates, see 
fiosshagd and Zwicky, Zeitsch. angew. Chem. 
1912, 25, 993. 

Oroankj Drkzvativks or Boric Aoid. 

Aniline borale, and compounds of piperidine, 
‘online, ietrdhydrwiiiinoline, and tetramethyh 
ttnmoniam hydroxide, have been prepared by 
U, k T. Spiegel (J. Soo. (3iein. Iml. 1906, 103). 
The rnenlnyl hornyl ontera are readily 

prepared by heating menthol and bomeol with 
rioric acid, xylene being used as a mc<lium in 
bho latter case (Verem Fhiiiinfabrikon, Zimmer 
Sc Co., Kng. Fat. 11674. 1900). 

A'lAyl burmalicyUiie, or * boryl,' is prepared by 
boiling together 02 grams of iKiric acid and 
138 grams of salicylic acid with 200 e.e. of water. 
The roBultiug borosalicylio acid is esterified by 
lidc^ig 00 grams of 96 p.c. aleuliol and heating 
with 40 gra m»jf sulphuric acid, ft forms needle- 
shaped crystals which are more convenient than 
oil of winter-gr<;en for many medicinal purposes 
(Ck)hn, Ohem Zentr. 1911, 1; IHOO). 

Zinc boropicrfUe, or * cArysyl,* is the product 
Untamed aby boiUnfi; together boric ana picnc 
acids, and saturating the mixture with zinc 
oxide. It is a yellow powder used as a medicinal 
antiseptic (Montcil, J. Soc. Chem. Ind. 1908, 
364). 

Phenyl hornle B(()l*h)j, diphenylboric acid 
B(Oll}(OPh)|, m-t'dyl borate B(OC\H 4 Me),, and 

naphthyl borate B(C^oH,0),, together with 
several other aryl halogen boron compounds and 
vborobemoic acid ('()|H*(’ 4 H 4 ‘B(OH)„ have 
been prepared by Michaells (A^alen, 316, 
19-43). 

Borcitrates are valuable as remedies in cases 
of kidney disease and urinary oalooli. Their 
solvent power for urates and phosphates is. 
greater than that of lithium benzoate. Thej 
diboroeitrates are best adapted for the purpose. 
The following are known : — 

Magnesium tnborooitratc(C 4 II^O tMga(B,H, 04 ) . 
„ diborooitrateiO,'' ^ - 

„ inonoborooitrate 

lathium, potassium, sodium, and ammonium, 
mono*, dt*. and trt-borooitr'ites of similar con- 
stitution have been prepared. Iron salts have 
also been obtained containing rospectivelv 8 and 
16 p. 0 . of iron by acting on sodium di- and 
mono-borocitrate with ferric hydrate (SohoileJ 
Pharm. J. [3] 11, 389). 

The magnesidin compounds possess strong: 
aniiseptick propertieL 

DiTicnoir aitd Kstusatiok or Bobov. 

Boron Umost always ocoun in the form of 
borio i(Mid. When the aoid is in 'the free state 




it can Ivadily be recognised by the green colour 
which it gives to the flame, and by its action 
u|)on turmeric. 

Turmeric paper, when moistened with a solii- - 
tion of borio acid and dried, acquires a cherry-red 
colour, which is changed to olive-p'eeQ on moisten- 
ing with an alkali. Acid solutions of zirconic, 
tantalic, niobic, and molybdic acids also colour 
turmeric brown. Cassal and Gerrans (Chem. 
Nows, 1903, 27) find that the sensitiveness is 
greatly increased by the addition of oxalic aoid, 
and base a colorimetric method of estimation 
of bone acid on this reaction. 

The green colour imparted to flame Ls a very 
delicate test for boron (according to Men, J. pr. 
Chem. 80, 487, 1 part in 1400 may be detected by 
means of it). It is, however, to be noted that 
salts of copper likewise colour flame green, 
as well as certain comjiounds of chlorine snd 
barium and iliallium. When the borio acid is 
combined with a base the compound in the state 
of powder is decomposed by means of sulphurio 
acid, and the bone acid extracted by alcohol. 
Compounds not decomposed by sulphurio acid 
aro fused with potash and digested with alcohol 
and sulphuric acid. 

The presence of boron in minerals mav 
be detected by mixirtg the mineral in powder 
with a flux containing I part fluor-spar to 4.) 
parts hydiogon potassium sulphate, made into a 
paste with wuttT, and heating the mixture in 
the inner blowpipe flame, when boron chloride is 
given off which tinges the flame greon ; or by 
mixing the susiicctcd substance with fluor-spar 
moistening witli concentrated sulphurio acid, 
and passing the escaping gas through a tube 
drawn to a fine point into the noil-luminous 
bunsen flame, which it colours green. 

The spectrum of boron shows three bright 
lines in the green and one in tiio blue. Hartley 
finds ill the spectra of borio acid and borax the 
lines a346U 3, A2497, ami a2400*3, which ho 
considers characteristic of boron (Roy. Boc. 
Proo. 35, 301). (For the measurement of the 
intensity of these bands, v. Lecoq de Bois* 
baudran, Compt. rend. 76, 883.) 

The quantitative estimation of boron is 

difficult, as all borates are soluble to some 
extent in water and alcohol, and borio acid 
cannot be heated without loss m contact with 
water. 

One method of direct determination is to 
precipitate the boron an potassium borofluoride. 
which is quite insoluble in alcohol (Berzelius, 
Lehrbuch, 3 ed. 10, 84 ; Stromeyer. Annalen, 
100, 82; Thaddeeff, J. Soc. Chem. Ind. 1898, 
953). 'Jhis method has been adversely criticised 
by Gooch and others, and has been almost 
entirely superseded. 

The most trustworthy method of estimating 
boron is due to Gooch. If the boron is not 
present as borio acid, it ia brought into that 
state by heating for some hours in a sealed tube 
with nitrio amd. The resulting solution is 
reputedly distilled with methyl alcohol, the 
borio acid passing over m the vapour. The 
distillate is then treated with an exactly weighed 
excess of pure lime, transferred to a platmum 
c^oible, evaporated to dryness on the water- 
ibath ai^ strongly heated. The increase in 
I weiffht zepcesents the borio anhydride. 

I Vohiiretrioally; borio acid may be estimated 
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ftccuntelv by titration with caiutio soda, utina a distinol colour to turmezio in this manner 
phenolphthaJein as indicator, if about one* third (J* Soo. Chem. Iiid. 1887, 5U3). ^ 

ui the bulk of the solution of glycerol is added Borio aoid may be rapidly detcrinincd in 
(Thomson, J. Soc. Chem. Ind. 1894, 432 ; v. also butter by stirring a weighed quantity with a 
Analysis). known volume of warm standard sulphuric aoid 

A freshly prepared solution of manna may till melted, allowing to ^ttle, and titrating a 
replace the glycerol (lies, Analyst, 11)18, 43, portion of the aqueous j)art with caustic soda, 
3257). Tropaolin O (sodium -p-bonzeno-azore* using phcnol^ithalcln. The pink colour appears 
soreinol sulphonate) may be used for the direct when the sulphuric aoid has boon noutrulisod ; 
titration of boric acid without the addition of glycerol is then added and caustic soda run in 
mannitol or glycerol. Sotla is lirst neutralised till tho colour reappears, 'fho second titration 
by standard hydroi'hlorie acid in the presence of represents the boric aoid( Richmond and Harrison, 
methyl orange or p-nitrophenol, excess of sodium Analyst, 1902, 179). 

chloride not maU*rially interfering with the BORONATROCALCITE. An early name (Q. L. 
accuracy of tho method. The indicator is Ulex. 1849) for tho mineral uloxito, a hydrated 
introduced as 0 04 p.c. solution (Pndcaux, borate of sodium and calcium Nnt>iB»0y8H,0. 
Zeitsch. anorg C’hem. 1913, S3, 302). Most of tho natural borates exported from South 

Boron may be estimated ludirootly by digest- America (Chile, Bolivia, and Argentina) are of 
ing a W'eighe<i quantit3’ of the finely divided this sinicics; it is also abundant in the borate 
compound in a platinum vessed with hydrofiuoric doiKwits of California and Nevada. L. J. S. 
acid, and then with concentrated sulphuric acid. BOROVERTIN r. S\ nthktio okuos. 

On warming gently, the boron present is expelled BORSALYL, Tiade name for sodium boro- 

as fluoride, and after driving off the excess of salicylate. • 

bulphurio acid, tho quantity of bases in the BORYL. Trade naiiu* for etiiyl borosali 

residue is determined. Their weight, dedueted cylate. Bnuutred by l)t>ilmg* together solutioni 
from tho weight of the original substance, gives of bone aeitl and salie^lio aeid an<l estt'rifym^ 
the quantity of boric an h^’ande. by tho aildition of iileubol and Mulphurio acid 

When combined with jiotash or soda, borio Needle-shaped cryHlals. Csed in niedicjnc ns ii 
acid may be determined by evajxiruting the substitute for ctlfSd salieylatu (Montcil, J. 
solution of the previously weighed salt with Soc. Chem. Iml 1908, 354). 
h^’drochloric acid, and dctcTinining tho chloriiio BOSCH. An iiifericu butter preparc'd ii 

in the dry residue (Schwci/er, l*harm. Centr. Holland. Tlie lenn ih sometinieH used oe 
1860, 372; J. 1860, 590) synonymoiiK with inargaiiiie (7 ?’.). 

Crude boric acid (Italian) is ti.sually valued by BOSTONITE. A trade iiariiu formerly in use 
determining the water and tho substances for tho Caifadiaii serpentine • asbestos {v 
insoluble in alcohol, and taking tho rest as being A.sBif.STO.s). L. J. 8. 

boric acid. According to Zschimmer (Chem. BOSWELLIA SERRATA (Roxb.) or OUOAL. 
Zontr. 1001, [6] 44, and [7] 07), tho results arc The gum of this plant (onl HttrHrutecw) is uhhI us 
inaccurate, 011 account of tho water not being an ineeii.sc*. It is often confoundwl with bdi^j;- 
completely driven off under tho conditions iibetl bum and olil>aiiuin(l>yniock Pharm .).13J7, 190). 
(2 hours drying at 45^ and 2 hours in desiccator). BOTANY BAY RESIN v, Bai.8AMB. 

Boron is best estimated in the presence of BOTRYOLITE v, Caloium. 

silicates ; e,g. in tourmaline, by tho method of BOTTLE- NOSE OIL. An oil obtained from 

G. W. Sargent, who has submitted all tho tho bottle- nosed whale, closely rosombling sfiorm 
processes published to examination and criticism ud ; its sp.gr. vanes from 0*870 to 0*880 (Allen, 
(J. Amer. Chem. Soc. 1899, 868-888'. Tho J. Boc. (’hem. Ind. 2, 63). 
mineral is fused with alkali carbonates, and, BOUILLON NOIR. Ferric acetate {v, Aivno 
after lixiviating and acidifying, tho boric acid is ac*ii>). 

volatilised from the solution as tho methyl BOU-NEFA. 'fhe root bark of Thapeia 
ester. A convenient form of apparatus for gamca (Linn.), an umboUiforous plant growing in 
performing this operation is described. The the South of Europe and Algeria. It contains a 
Doric ester is subsequently hydrolysed by a resin us^ as a medicino in France, 
weighed quantity of po. ft lime, and estimated by BOURNEENE or VALERENE. A liquid 
(Soooh’s process. ... hydrocarbon isomorio with oil of turpentine, 

A method for its estimation in insoluble secreted by tho Dryobalanape aromatica ((jaortr. ), 
silicates is also given by Wherry and Chapin and holding in solution bomeol or Borneo oam- 
(J. Amer. Ghem. Soc. 1908, 1687-1701). phor. According to Wallach (Annalen, 230, 

A solution of boric acid produces no change ^ 226 ; Chem. Soc. Trans. [2] 60, 70), it is a mixture 
of colour in solutions oL helianthin, tropssolin, of the decompositiun products of camphone. 
and methyl orange, but a drop of hydrocldoric BOURNONITE. Sulphantimonate of copper 
aoid immediately changes the yellow colour into and lead C^lPbSbSs, crystallising in tabiuajr 
zed. Borax may thus m titrated by the stronger orthorhombic orysthilji ; these are frequently 
acids (A. Joly, Oompt. rend. 100, 108). twixuied and show re-entrant angles at the edj^, 

(For the estimation of borio acid in mineral hence the names * cogwheol-oro ’ and * wheol- 
waten, v. Fresenius, Zeitsch. anaL Chem. 26, ore.' It is found in Cornwall, Harz, Aoi; and 
202.) I in Bolivia. It sometimes occurs in sufficient 

To detect boric acid in milk, baryta is added abundance to be used as axsore of copper and 
to 100 O.C. of milk till alkaline. After incinera- lead. 8 ^ L. jT 8. 

tkm, the ash is dissolved in a little strong hydro- BOVEY COAL e. ^ 

chloric acid, eva^rated to dryness, and a sojot BRAGA. An alcoholic beverage used in 

tion of turmeric with a drop of dilute hydro- Roumania. preparech bv the fermentation of 
chloricimid and theeolution fva^M m^TrLMShoiL with abo^ 12 times 

on a water-bath. 0-001 d.o. borio acid givhs weight of water for 14 hours, the resulting 
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▼Ifirous moM cooled, stiiTed with water and | ments, confuting mainly the outer lajerib 
allowed ferment. The liquid is filtered and which are produced in the gnixiing or milling oi 
mixed with water, w^hen it U ready for sale, cereal or other seeds. When the term is used 
It is somewhat sweet, and contains about 1*3 p e. without any descriptive adjective, the product, 
of alcohol by weight. from wheat is usually understood ; but maize, 

BBAlfS POWDEl. An explosive consisting barley, buckwheat, rve, oats, even peas and 
of 60 parts of a mixtdre of potassium chlorate, earth nuts, when milled, yield products which 
potassium nitrate, wood charcoal, and oak saw- are described as ‘ bran.* 
dust saturated with 40 parts of trinitroglycerine The foUow'ing anai^rscs, compiled chiefly 
(Warner’s Jahr. 22, 470). from German and American sources, show the 

mAN. The name given to the coarser frag* general average composition of various * brans * : 


— 

Water 

Protein 

Fat 

Sol. carbo- 
hydrates 

Fibre 

Ash 

Whoafrbran, fine .... 

13*2 

15*5 

4*8 

54*0 

8*0 

4*5 

„ „ coarse .... 

13*2 

14-3 

4*2 

52*2 

10*2 

6*1) 

„ Spring wheat 

11*5 

16*1 

4*5 

54*5 

8*0 

5*4 

„ winter wheat 

12*3 

160 

40 

53*7 

8*1 

6-9 

Rye bran (Gorman) .... 

12*5 

16*7 

3*1 

58*0 

5*2 

4*5 

„ „ (American) 

11*6 

14*7 

2*8 

63*8 

3*6 

3*6 

Barley bran 

I 10*5 

14*8 

3*6 

67*6 

8*5 

6*0 

Oat bran 

9*6 

7*6 

2*7 

53*8 

21*6 

5*7 

Mdize bran ^ . 

12*5 

0*9 

3*6 

61*5 

9*5 

3*0 

Rice bran 

9*7 

12*1 

8*8 

49*9 

9*6 

10*0 

Buckwheat bran, fine 

12*0 

15*2 

4*5 

60*0 

11*3 

7*0 

„ „ coaisc . j 

15*6 

8*0 

1*8 

34*2 

37*6 1 

2*8 

Pea bran * « * * ' 

11*7 

16-8 

1*7 

46*2 

20*1 1 

j 3*5 

Earth nut bran ' 

10*5 

21*8 

ISI 

24*7 

19*5 

6*4 


The digestion cooflicionts for the conutitucnts more approximating to floiir m composition, 
of most varieties of bran are low, so that their though much richer in protein, ash, and fibre, 
foodvaluo is in^genoral not so high as the analyses The processes employed in the milling of 
would indicate. * wheat, however, are so complex that about 80 

The character and composition of the bran or 100 products are scparatcil. For a study of 
from any particular grain is liable to considerable the composition of the various products of a 
variation, according to the method of milling modern roller mill, see Cliflord Hichardson (Bull, 
a^ptod. ^s a rule, the less perfectly the com No. 4, U.S. Dopl. of Agric. Div. of Chemis- 
is ground, the richer is the bran in meal and try, reproduced in part 9, Bull. 13, [1898]). 
therefore in feeding value. Usually, about 70 to 75 p.c. of the >\hoat is ob- 

it will bo noticed that bran is much richer tamed as flour of various grades, about 20 p.c. 
in protein, fat, ash, and fibre than the fine por- as bran, 3 or 4 p.c. as * shorts,’ and the remainder 
tions of the meal from the same grain. as screenings and loss. 

In the case of wheat, the finer portions of the Weiiii^nirm (Oosterr-Ungar. Zeits. Zucker- 
bran are known as * middlings ’ and ' sharps ’ or ind. u. Ijandw. 1890) found that from Hun- 
* shorts.’ Usually the last term denotes the garian wheat, 20 p.o. of bran of three donees of 
portions which most nearly rosomblo bran, while fineness were obtained, possessing the fmlowing 
’ middlings ' refers to an internicdiato product composition : — 



Yield 

p.o. 

Water 

Composition of dry matter | 

Protein 
losol. Sol. 

in dlL acetic acid 

J'*"™ 

Ash 

Fine bran 

16 

11*35 

13*60 

3*06 

4*54 63*64 8*71 

6*55 

Medium* bran . 

2 

11*55 

13*38 

2*72 

3*96 63*97 9*08 

6*89 

Coarse bran 

2 

12*37 

13*44 

3*17 

3*46 62*13 9*79 

7*01 


Snyder (Studios on Bread and Bread- 
making at the University of Minnesota, 1901) 
examined the proilucta from me milling of wheat 
^ the American methods, using a hard Scotch 
life wheat. 

Th% shorts and bran obtained had the follow- 
ing oompositiou 

Prodhu JTotal carbo* 

WatM (NX6-7U Fat •^hydrates Ash Acidity 
Shorts 8*% 14*87^ 6*37 66*47 4*66 0*14 
Bran 9*99 14*02 4*39 66 54 6*06 0*23 

The aoidity*ls expressed in Wms of^lactio acid. 


i The carbohydrates of bran have been in- 
I vestigated by Sherman (J. Amer. Chem. Soc. 

1 1897, 19, 29 He found the following average 
percentages in wheat bran : — 

Total soluble oarbohydrates calcu- 
lated as dextrin . . .7*2 p.c. 

Starch 17*7 

True pentosans 17*5 

Lignin and allied substances 11*6 

,, •* C&ulose 8*6 

Total carl^hydrates . . 62*6 
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Other investigatora — ToUeii^ Chalmot, acid exists in combination with magnesium, 
Ganther and Stgne — have found from 22 to calcium, and potassium. 

^ p.0. of pentos^ in wheat bran, while maize According to. more recent views (Anderson, 
bran oontaW about 40 p.o. J. Biol. Cliem. 1910, 20, 463, 476, 483, and 

Qirard (Oompt. rend. 1897, 124, 926) gives 493 ; Robinson and Mueller, Biochem. Bull, 
the results of the examination of by-products 1915, 4, 100 ; Clarke, Chem. 8oo. Trans. 1016, 
from wheat-— presumably shorts and bran — by 360) the phosphorus in iJran is mainly in com- 
a method different from the conventional one. bination wiw inositol, the triphosphate 
In estimating the amount of water-soluble and the hexaphosphate 

matter in products from seeds, he points out the being the most important. Anderson (/.r.) 
necessity of using ioe-cold water, otherwise the finds that wheat bran contains about 0*1 p.c. 
enzymes present may act upon the constituents of morganio phosphorus, t.e. about 11 p.c. of 
of the seed, and greatly increase the amount of the total soluble nhosphorus. 
matter soluble in W'ater. The free acid, when heated with mineral 

The following are the mean figures calculated acids, or with the enzyme- ( 7.1*.), is 
from analyses of the by-products from four hydrolysed, yielding iiuMitol and phosphoric 
French wheats : — acid sO-HhP-O*-! 3H-0 = C 4H,aOa+6H^H),. 


Water Soluble in water Insoluble in water 
14*72 10*63 74*65 

The matter soluble in water consisted of — 
proteids 2*70, carbohydrates 6*16, inorganic 
matter 1*77. The matter insoluble in wat^or 
consisted of — gluten 4*56, starch 28*08, nitro- 
genous woody matter 6*70, fats 3*17, cellulose 
30*22, inorganic matter 1*94, loss and undeter- 
mined 0*90. 

The mineral matter in bran is very high as 
commred with that in the rest of the seed, being 
usually between 6 and 6 p.c., whilst that in flour 
is usually less than 0*6 p.c. 

The ash of bran is particularly rich in phos- 
phoric acid, but poor in lime. The following! 
analysis by Wolff gives its usual composition : — 
K.O Na,0 MgO CaO P,0. 810, 

24*0 0*6 16*8 4*7 61*8 1*1 

There is a widespread belief that bran is 
partioularly well fitted, because of its richness 
m mineral matter, to supply the nccils of 
animals with reference to the dc\c]opinent and 
nutrition of bone. But from a study of a bone 
disease among horses an<l mules in South Africa, 
it has been dociuce<l that for normal bone nutri- 
tion it is necessary that animals be supplied, in 
their rations, with phosphoric oxide and lime in 
approximately equal proiwrtions by weight 
(Ingle, Jour. Comp. Path, and Therapeutics, 
1907, March, also Jour. Agric. Science, 1908, 
3, 22). From this point of view, bran is 
particularly ill suited to aid bone development, 
since it contains an overwhelming preponcfcranco 
of phosphoric acid over lime, being in the ratio 
of 100 to 9 in the above analysis, while m some 
samples it is as high as 100 : 6*5. That bran 
has an injurious action upon bone nutrition 
wlien used in large quantities, is shown by the 
occurrence of a peculiar bone disease in horses 
known as ' bran rachitis * or * millers* horse 
rickets,* observed in animals fed largely on bran. 

The phosphoric acid ih bran, however, does 
not exist entirely as metallic phosphates. Ac- 
cording to Patten and Hart (Bull 260, New 
York Agric. Expt. Station, 1904) about 68 p.c. 
of the total phosphorus is extracted by 0*2 p.c. 
hydrochloric acid solution, and of this, nearly 
the whole exists as anhydro-oxy methylene di- 
phosphoric acid C,H^P,0, 

j=(0H),0P0-CH,-0-CH,-0P0(0H), 
a substance first isolated by Postemak (Revhe. 
General de Botanique, 1900, 12, 6 and 
Compt..rend. 1903. 137, 439). In bran, this 


Bran is largely used as a food for farm 
I animals, but has a weakening elTect upon 
digestion if used in largo quant ities. It is 
more suitable as a food for fattening than 
for working animals. Owing probably to its 
mechanical action on the bowels, it has a purga- 
tive elloet. If used largely for milch eowo, it 
tends to make the butter so(t. Similarly, largo 
quantities of bran given to fattening animals 
tend to lower the melting-point of the body-fat. 
This is an (ttlvantage in the production of mutton 
or beef, but a disadvantage with bacon. 

Bran is also largely used in tanning leather. 
(For a description 0! the process and of the 
changes occurring in the fermentation of bran 
so employed, see Wood and Wilcox, J. ^oc. 
Chom. Jnd. 1893, 422, and 1897, 510.) H.T 

BRANDT. ' (JCau-de-vte, Fr. ; liranniwftnt 
Ger. ) The term * brandy ' is an abbreviation 
of * brandy- wine’ the original English form of 
the word, which occurs also in all the Teutonic 
languages of Northern Europe, an(^ signifies 
burnt or distilled wine. The latter term (wiii'tf) 
in its widest sonso includes the product obtained 
by fermentation of all natural fruit juicoa or 
extracts from grain, and not ferment^ graiio 
juice only. Old English Acts of Parliament 
refer to * brandy * ana ' aqua vite ’ made from 
malted com, whilst the OeiTnan word brannt- 
ivein is applied to strong potable spirits 
generally without implying that such spirit is 
necessarily derived from wine. At the present 
time, however, the ‘ brandy ’ of commerce is 
almost universally understood to bo a spirit 
derived exclusively from the grape. 

Besides alcohol and water, the principal 
constituents of brandy are acetic, butyric, 
ocnanthio, and valerianic esters, acetio acid, a 
small quantity of a volatile oil, and a little 
fixed acid, tannin, and colouring mattetr. When 
new, brandy is colourless, but gradually acquires 
a yellowish- brow'n colour by storage in oak casks. 
The required colour for partiemar brands is, 
however, usually obtained by the addition of a 
solution of caramc* or burnt sugar. Genuine 
brandy of good quality has a sweet mellow 
ether^ flavour, without any suspicion of the 
* fiery ’ or * earthy ' taste common to i{^forior 
or fictitious brandies. 

The bauqiut of brandy deoends upon (a) the 
nature and quality the ime from which it 
has bem pr^uoed; (6) Ae conditons under 
which the wine has bem fermented; (c) the 
method of distillation employed ; and (d) the age 
of the bzan^y- The oharocteristio 'flavour of 
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tirandy is said to bo due chiefly to ccnanthie 
ester (et]^yl pelarffonato), but it ▼arios with the 
totai amount and relative proport lonii of other 
volatile constituents present. According to 
Ordonnoau^ the peculiar fraCTant odour of 
brandy is duo to afvery small quantity of a 
terpeno which hoila vat 178®, and which, on 
oxidation, gives the characteristic flavour to old 
brandy. 

Over 00 p c. of tl^e brandy imported into the 
United Kingdom comes from France, the finest 

f ^rades being Cof/noc and ArmagnaCt so named 
rom the French* towns in which they were 
originally <li»tdlcxi. But little brandy ia now 
distilled in Cognac itself, the greater part being 
produced on the brandy farms of the surrounding 
districts. Other brandies of leas value commer- 
cially are those of the Mi<li and the districts of 
Aiido, Card, ll<iraiilt, and Pyrenees Occidentalea, 
commonly known as the * Trois-six do Mont- 
pellier.* Marc brandies are diatillorl from the 
fermented ‘ marc * or refuse of the wine-presa as 
well aft from the lees of the wine-casks. 

"Whilst the loiyn ‘ (Jognao * has by custom 
come to 1)0 naod rdmost us a generic term for 
‘ brarulv,’ it is, strictly speaking, applicable only 
to spirits iimdo from wine grown mjtho Cognac 
region, which comprisca a, certain part of the 
two dejiartrnenta of Charente and Charonto 
Infdricure, also Dordogne and I..ea Deux Sevrea. 
A strict dc'limitation of the Cognac area Ixas 
boon made by the French Government by 
fioGt<^o dated Ist May, 1009, and the region is 
locally Hub<liVidMl into the Grande or Fine 
Champagne, the Petite Champagne, the Borderies 
and the Hoia, according to the quality of the 
wine produce<l. 

The soil of the district ia mainly caicarooua, 
•rid the grajiu la a small white berry with very 
acid juice, producing a wine of inferior quality 
for drinking purposes. (For the o.xtraction and 
fermentation of the grape juice, WiNU ) 

As the reputation of the braiulios of the 
Cognac and Aniiagnac ilistricts depends so much 
ii|)on their boiiquu^ they are submitted to slight 
reoiifloation only, and distillation is therefore 
usually condiioteii in a simple * pot * still by the 
profession il distiller as well os by the farmer. 
I'ho still, which vanes in content from aliout 
150 to 200 gallons, is usually enclosed in brick- 
work, with only a small bullnma head exposed, 
and is generally heated by means of a furnace, 
wood b«ing oonsidoriHl the best fuel. In a few 
distilleries the stills are hcaitnl by steam. Occa- 
sionally, a subsidiary vessel, filled xxnth wine and 
called ehauffe-vin,* is attaoho<l to the still, 
and through it the pipe convoying the spint 
va|)our to the refrigerator passM, noating the 
wine HU that the uitter hi nuicldy raia^ to 
boiling-point when subsequently {lasscKl into the 
still, thereby effecting a saving of fuel. Two 
distillations are mode, te/ftied * brouiUis ’ and 
* bonno-chauffe,* corresponding respectively with 
the * low wines * and * spirits * of the whiskey 
distilKr. 

In some distilleries the finisheii spirit is 
produced at one savitinuous distillation by means 
of a still described f s * h 'premier jot.* In this 
form of still, a vessel is attached to and above 
the head of the still, and through it the spirit of* 
the first distillation is oot.veyeH This spirit is 
sgaioyViapouriaed by the heat of thi spirit vapour 


risii^ from the still itself on its way to the 
refrigerator. The spirit produced in tins way 
is not considered so fine as that obtained by the 
pot still, but it IS of higher strength and more 
suitable for the manufacture of liqueurs. 

The quality of the spirit depends greatly on 
the oare with which the dUt illation process is 
carried out. The stills should be worked slowly 
and regularly, the normal time for the complete 
distillation of a charge being about ten hours. 

The quantity of wine used in the process of 
manufacture is relatively very groat, the amount 
of brandy produced from a given measure being 
only from 10 to 15 p.o. The strength of the 
wine vanes from 4*5 to 9 p.o. by weight of pure 
alcohol, or approximately from 10 to 20 p.c. of 
pr(x>f spirit, the average being 6*5 p.c. of alcohol, 
or 14 p.c. of prr>of spirit. The finished spirit as 
run from the still contains about (14 p.o by w'cight 
of alcohol, equivalent to a strength of about 
25 over-proof. The brandy, a.s received from 
the farmers, is blended and diluted in vats, 
Hweetenod with cane sugar, slightly coloured 
with caramel, and filterwl (if necessary) into 
storage vats m which it is matured. 

The French Government has by various laws 
and decrees of the years 1905 to 1909 prohibited 
the description ‘ C’-ognac * to bo applied to any 
mixture of Cognac or other wine spirit, with gram 
or beet spirit, and has further provided that 
lal)els, marks, &c., bearing the word ' Cbgnac 
should signify that the spirit in question is 
solely tho product of the Cognac region {vide 
aupra), 

Tho simple pot stills and the modified stills 
knoun os ‘ k premier jet,* above referred to, as 
being used in the Charente districts, are not 
suitable for wines having a strong earthy flavour 
(‘tenroir*) or other imdesirablo qualities. In 
such cases, as in tho brandies of the Midi, the 
Rochelle district, and tho marc brandies of 
Burgundy, stills of a more complicated nature 
are employed, owing to the neceasity for a greater 
degree of roctiticatiun. In these the distillation 
is continuous, and in tho Rochelle district and 
the islands of tho N.W. coast, a pot still with 
a rectifying head, known as the ‘ Alembic des 
lies,* is employed, whilst in the south tho 
distilling ouluinn consists of a senes of compart- 
ments separated by plates or ‘ plat**aux,* con- 
neotod with taps by means of which it is possible 
to take off tho spirit at a higher or lower strongth 
as desiriHl. Those Btdfs are generally heated by 
direct fire. 

Immense quantities of wine are produced in 
the Miili for conversion into brandy, the grapes 
of this region being unsuitable for making good 
wine. This is attributed to tho eflocts of the 
VhyUoxtrat which devastated the w'hole of the 
Charente distriot in the years 1875-1878. Before 
this time, most of tho brandy exported to the 
United lUngdom was genuine Cognac, but the 
destruction of tho Charente vineyards stimulated 
the production of brandy in other parts of France 
as well ae in other countries. The vineyards of 
the Cognac distriot wore replanted with American 
stocks, on which Charente vines were grafted, 
and the result has been highly successful ; but 
in the south of Fhmeo the inimyards ravag^ bv 
the phyUoxera were replanted with vines which 
were not appropriate to the soil, and whkb 
.yielded ifine in griat quantity but at the sacrifice 
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of good quality. Hence the use of the rectifying 
Btills in the Midi and the l^e quantity of brandy 
produced. Moat of thia ia consumed in France. 
The apirit derived from diseased or unsound winoa 
18 highly rectified and uaed for industrial pur- 
poses. The cheapness of wine, therefore, affords 
uttle or no inducement to the distillers of the 
Midi to use beet or grain as the raw material for 
the production of their brandies. 

The relative values of the spirits above 
mentioned may be gathered from the avci^e 
prices per proof gidlon in 1900, which just 
oefore the war (1914) were from 7s. fid. for 
brandy of the best Cognac district (Champagne) 
to 3s. for Bois brandy, the cheapest in the 
t'ognac district, whilst Midi brandy wa.s 2/t , 
and grain and beet spirit about la. 3d. (f o. b ) 
per proof gallon. 

oLblto bran(lio.s or eaux-de-vie d« imnc are, 
as the name implies, derived from the maro or 
refuse of the grapes after the juice has been 
extracted. They have a strong earthy flavour, 
and usually are very rich in secondary products. 
They are therefore often added to other wine 
spirits to impart the brandy character, or 
admixed \^ith neutral spirit from gram, beet, 
A(o., in the preparation of fictitious brandies. 

Algerian brandy is of high quality, resembling 
Cognac, and is generally sent to Franco, whence 
considerable quantities are roshinpc<l from the 
Charente district to the United Kingdom. 

Brandies are produceil in most other wine- 
growing countries, e.Hpccially when, owing to 
over-production of wino, or some defect in iU 
quality, it becomes more profitable to convert it 
into spirit than to dispose of it as ' wino.* The 
most im|>ortant commercially are from Spam, 
Egypt, Germany, South Africa, and Australia, 
but the quantities of those oxporte<l to the 
United Kingdom are small as compared with 
French brandies. 

The Spanish brandies are similar in character 
to the French, and command a high price. 
Genuine Egyptian brandy is made from fresh 
grapc'S, although the wine grajx) is not cultivated 
m Egypt. The grapes are imported into 
Alexandria from Southern Turkey, Greece, 
Cyprus, and Asia Minor, and there made into 
wine from which the brandy is disiillod. Thev 
have a strong characteristic flavour, much 
appreciated by consumers of the cheaper brandies. 
Spurious brandies of doubtful origin, but 
described aa * Egyptiu.!,* are also on the market. 
They are probably made from the currant grape 
grown ill Greece and Asia Minor, and have no 
right to the title of * Egyptian,* beyond the fact 
imit they are oxix>ried vtd Alexandria. Increas- 
ing quantities of brandy of fair quality are being 
piwuoed in South Africa and Australia. The 
so-called * dop * brandy of South Africa is 
produceil in the same way as the French * maro ’ 
orondios, and has similar characteristics. 

The natural improvement observed in 
genuine brandies by * ageing ' ia always accom- 
panied by a rise in the quantity of the secondary 
constituents duo to the formation of oxidation 
products (aldehydes and acids) and esters, aa 
well as to concentration due to loss of alcohol 
and water. The higher alcohols also tend to 
increase, and furfum to diminish, with age.* 
Aooordi^ to Duplais, the mellotvness due to sm 
may be' impaited to new br<aidy, mshing it qt 


m 

for immediate use, by adding the following to 
every 100 litres: old rum, 2*0 litres; ojd kirseh, 
1*75 litres; svrup of raisins, 2*0 litres; and 
infusion of walnut hulls, 0*75 litre. Low wines 
which have been kept for some months in casks 
containing clear rain wa|pr preserved by the 
addition of 10 or 12 p.c. strong brandy (85**) 
are also used for a similar pur{>ose. 

Whilst there is a legitimate use of colouring 
which has become practically an ossentiu 
character the brandy of*comnicrce. the colour 
acquiretl by old brandies, owing to long storage 
in casks, is often simulated in order to give to 
now brandies a fictitious ap|H*arance of ago by 
mtMins of a tinclura of oak extract obtained 
from chips, shavings, or sawdust of tlgi white 
oak used at Cognac for making brandy 
casks. 

Brandy was fornierly di'scribej) in the 
British Phai macopicia, as 'Spiritus Vini Gallioi/ 
thus implying the French origin of the spirit, 
and was rieiined as * a spirituous liquid distilled 
from wino and matured by ago, and containing 
not less than 38^ P-c. by weight, or 43^ *p.e. 
by volume of ethyl hydroxiue ^(approximately 
70 p.o. of proof spirit). 

This doliiution, however, takt's no cognisance 
of the nature, quai^tity, or relative proportions 
of the secondary piwliiets to which Uio |>eciiliar 
medicinal projM^rlies of brandy are attributed 
and in view of the variations in these con 
stituonts oven in the brandies of coiiimeroi 
known to bo gcnuino, and the difficulty o' 
arriving at any siitisfactory standard, ' thi 
British Medicfiff Association eliminated * bramly 
in the last edition of iiio British PharmoiMipada 
published in 1914. 

The following standards of* purity are pre- 
scribed by the United States rhai«naeopa»i;ii. 
Brandy Btioiild l>o at least 4 years old ; its 
alcoholic content from 39 to 47 p.o. by weigiit 
(81-9fi p.u. British proof spirit) ; spucilio gravity 
not oxcis^fling 0*941 nor loss than 0*925; the 
re.Hiduo should not, on the volatilisation of tluf 
last traces of alcohol, evolvioi marked disagree- 
able odour of fusel oil, and should not exceed 
1*5 p.c. ; also the residue from 100 c;.c. should 
dissolve readily in 10 c.c. of cold wutor, and 
should 1 k^ free from more than traces of tannin 
(t.e. should not give mure than u pale-green 
colouration on the addition of a dilute solution 
of ferric chlori<J<^) ; and the acidity shoubl 
require not more than 1 o.o. of decinormal alkali 
for neutralisation using phcnolphthalcln as an 
indicator. 

Under the Kale of Food and Drugs Act, no 
standard for brandy ia fixed Iwyond tfie limita- 
tion of strength (in common with whiskey and 
rum) to a minimum of 25 p.o. under proof, Delow 
which it may not legally bo sold without the 
fact of dilution being declared. This is now 
(during the war) i.jpersoded by special legisla- 
tion, which permits of roirits being reducocT to a 
minimum strength of m) p.c. under proof and 
30 p.c. under proof as a maximum strength at 
which they may be sold as a beverage. The 
strength of brandy as impor^yd into the United 
Kingdom varies coisiderably, but the average 
is about 5^ below proof, ol 4fi*5 p.v.* of alcohol 
by weight. 

OrJonneau (ComjQ^. rend. 102, 2 17) subjeoted 
100 litres 0 $ 25-year-old brandy to fractional 
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distillation, and obtained the following substance 
estimated in grams per hectolitre : — 

Aldehyde 3*0 

Normal propyl alcohol . .40*0 

Normal outyl alcohol . . 218*6 

Amyl alcohol f .83*8 

Hexyl alcohol . . 0*6 

Heptyl alcohol . . . .1*5 

Acetic ester .... 3.5 0 

Propionic, butyrio,^and caproic esters 3*0 
(Enanthic ester (about) . . 4*0 

Acetal and amines . . traces 

Morin (Compt. rend. 106, 1010) dislillod 92 
litres of ^ro oojpao in Claudin and Morin’s 
apparatns. The first portion of the distillate 
contained the more volatile bodies ; the second 
consisted of tolerably pure ethyl alcohol ; the 
third, the, higher-boiling alcohols, &o. The 
residue, chiefly water, was tested for free acids, 
MobutyJglycol and glycerol. 

The first three portions were then fraction- 
ated, 5 litres of lignt alcohol, 55 litres of pure 
ethyl alcohol, an(L3‘5 litres of higher- boiling 
compounds being obtained. The latter fraction 
smelt strongly of fusel oil, and possessed a 
burning taste. The water remaining behind was 
added to that already obtained. The fractions 
wore then redistilled in Le Bel and Henninger’s 
apparatus. The fusel oil portion, which after 
.dehydration by potassium carbonate weighed 
352 grams, gave 


Water < 1 . , 

grams 

7 

Ethyl alcohol 

. 130 

Normal propyl olcohol 

. 25 

/sobutyl alcoliol 

. 6 

Amyl alcohol 

. 175 

Furfiv'al . 

, 2 

Wine oils . 

. 7 


1 

2 

grams 

grains 

trace 

trace 

60,837*00 

50,015*0 

27*17 

2*0 

6*62 

1*5 

190*21 

51*0 

2*19 



7*61 

2*0 

trace 

— 

Arace 

— 

2*19 



4*33 

— 

absent ; 

furfural was 


The water contained a little acetic and butyric 
acids, and a small quantity of a viscous liquid 
which distilled undcooroposed under diminished 
pressure, and appeared to consist of isobutyl 
alcohol and glyuei^ol. The residue contained 
tannin, together with substances extracted from 
the wood. 

In the following table : 1 shows the com- 
pounds contained in 100 litres of the cognac ; 
2 shows the same obtained by the fermentation 
of 100 kilos, of sugar 


Aldehyde 
Ethyl alcohol 
Norm, propyl alcohol 
/sobutyl alcohol 
Amyl alcohol 
Furfural bases 
Wine oil 
Aoetio acid . 
Butyric acid 
/sobutyl glycol 
Glycerol 


detected directly by the addition of aniline to 
the cognao, a red*«oolouration being produced 
in the piresenoe of aoetio acidl It will to observed 
that MobifUyi alcohm is present only in small 
quantity, whilst in* Ordonneau’s results it is 
absent aliqfrether. e 

Thp analytioal data usually relied upon for 


discriminating between genuine brandies and 
those blended with neutral spirit are (a) volatfle 
acids : (5) aldehydes ; (e) esters ; (d) higher 
I alcohols ; and (e) furfural. The resiilts are 
calculated in parts per 100,000 of absolute 
; alcohol, e.g. in milligrams per 100 o.c., or grams 
per hectolitre. The total amount of the 
secondary products expressed in this manner 
is term^ the ' ooefficient of impurities,* or 
preferably the 'coefficient non-alcohoL* 'Iho 
I standard coefficient suggested by Girard and 
' Ouniasse for genuine brandy is 300, of which not 
le^s than 80 should be estera In calculating the 
proportion of neutral spirit in a mixture, allow, 
ance should be made for the small amount of 
secondary products present in neutral spirit. 
The average coefficient for industrial alcohol, as 
shown by the analyses of Girard and Ouniasse, 
is 17 and the esters 8. 

(For a detailed description of the methods of 
analysis employed, see Thoroe, Minutes of 
Evidence taken by the Royal Commission on 
Whiskey and other Potable Spirits, ii. Appen. 
dix Q, xii. 1909.) 

The causes which affect the characteristic 
bouquet of the wine naturally influence the 
proportion as well as the character of the 
volatile matters included in the ' coefficient * of 
the brandy. Thus the proportion of acids and 
esters is considerably augmented if the wine 
becomes sour, and, speaking generally, the 
aldehydes are higher in white than in red wines. 
Also in regard to distillation, the aldehyde and 
more volatile esters are found mainly in the 
first runniiiffs ('produits de t&te*), whilst the 
higher alconols and furfural occur in largest 
quantity in the tailings (* produits do queue *). 

In the brandies of Charente and Armagnao 
the coefficient is usually rather high, but 
ordinarily, in cognacs and fine champagne, it 
ranges between 276 and 460, although occasion- 
ally it falls considerably beyond tnose limits. 
Brandies obtained from wines of the Midi and 
from Algeria show much wider variations, 
ranging from 25 (indicating strong rectification) 
to 500. Marc brandies have almost invariably 
a very high coefficient, ranging from 500 to nearly 
1500, and in these, aldehydes often form a large 
proportion. 

Attempts have been made to fix minimum 
and maximuih values for the coefficient, but 
without much success, the former with a view 
to the detection of thj udmixture of neutral 
spirit, and the latter to restrict the amount of 
secondary products for hygienic reasons. The 
effect of such limits would be to condemn many 
brandies that are undoubtedly genuine and even 
of l^h oommeroial value. 

From the hygienic .point of view, the esf.ei's, 
furfural, and especially the aldehydes, have a 
much more deleterious action on the human 
system than the higher alcohols, whilst the 
acids, particularly acetic, which frequently forms 
a large proportion of the ooefficient, cannot be 
said to nave any detrimental influence. 

The French Government, In 1904, institnted 
an inqui]^ by the Technical Committee of 
CBnology into the possibility of fixing standards 
for the total amount of secondary products 
^'coefficient non-alcohol*’) of genuine brandy, 
but the oonolusiem arrived at was that neither a 
ipinimumoior a maaimum limit could b5 recom- 
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meaded owing to the extremely variable oharacter 
of brandy, not only with reepeot to the co- 
efficient as a whole, but also in regard to the 
proportions of the volatile constituents relatively 
to each other. Chemical analvsis should not 
be relied upon alone, but should be supplemented 
and its results confirmed by expert tasting 
(* degustation ')• 

British brandy is usually made from groin 
spirit distilled with certain flavouring materials, 
or by adding flavouring ingredients to the spirits. 
It is frequently mixed with foreign brandy, and 
is largely used for cooking purposes. 

Amongst the flavouring ingredients used in 
the manufaoturc of artificial brandies (including 
British brandy) may bo mentioned the following : 
crnanthic ester, tincture of catechu, balsam of 
tolu, acetic ester, argol, cognac oil, essence of 
cognac, infusions of oitter almond shells, tea, 
and walnut hulls, liquorice root, prune juice, 
rum, syrup of raisins, vanilla, &o. So-called 

* cognao essences ' contain mixture.^ of the 
aromatic compounds just mentioned, whilst 

* cognac oil ' is made by the distillation of a 
mixture of alcohol, coco-nut oil, and sulphuric 
acid, oenanthio ester being one of the products. 

Cider brandy is manufactnrc<l in the United 
States and Canada from cider and perry. 

Danzig brandy is made from rye ground with 
the root of Calamus aromaiicus. 

Gnemaey brandy is the spirit of beet root 
flavoured to imitate true brandy. 

Hamburg brandy is said to consist of potato 
or beet -root spirit as a basis, flavoured with 
essences or by the addition of inferior brandy, 
and colourc(f to represent genuine brandy. 
Similar imitation brandies appear to be made in 
the north of France, in Belgium, and in other 
foreign countries. (Girard and Cuniasse, Man. 
jiratique do TAnalysc des Aleools et des Spi- 
ritueux ; Schhlrowitz, Analyst, Juno, 1006, and 
June, 190(3; Thorpe, Nature, .*5 Nov. 1904; 
and Report of Royal (’ornmis.sion on Whiskey 
and other Potable Spirits, 1908-9.) J. 0. 

BRASS V. Zinc. 

BRASSIC ACID v. Bbassidig acid. 

BRASSIDIC ACID {Brassic acid) 

= c<^u„H„co.n 

id isomeric with erucio acid (g.v.), from which it 
may be obtained by the action of nitrous acid 
(Haussknecht, Annalen, 143, 64; Rcimer and 
Will, Bor. 1886, 3321 ; Websky. Jahrb. Chem. 
1853, 444 ; Fitz, Ber. 1871, 444) ; by treatment 
with hydrogen bromide in acetic acid solution, 
monobrombehenio acid C}sH4.02Br, being also 
formed (Ponzio, Gazz. chim. ital. 36, ii. 304) ; and 
by heating with ooncentracod sulphurous acid 
at 200* (M. K. and A. Saytzew, J. Russ. Phys. 
Chem. ^0. 24, 482 ; J. pr. Chem. 50, [2] 78). 
It may also be obtained by heating benonolio 
acid with zinc and acetic acid, and a few drops 
of hydroohlorio acid (Holt. Ber. 1982, 062), and 
by the xeduotion of monobrombrassidic acid, 
which is obtained by treating behenolio acid with 
hydrogen bromide (Hasse and Stutzer, Ber. 
1903, 3601). Brassi^o acid crystallises from 
alcohol in plates, ir.p. 65*-66* (Saytzew, l.e.),^ 
b.p. 282* (30 mm.), 266* (16 mm.), 256* (10 mm.), 
180* (0 mm.), (Krafft and WeiUndt, ]to. 1896, 


I than erucio acid in alcohol and ethqr. (For 
relationship to erucio acid and comparison of their 
liehaviour towards various reagents, v. Albitzky, 
J. Russ. Phys. Chem. Soo. 31, 76 ; 34, 788 ; 
J. pr. Chem. 61, [2-3] 66 \ Masoarclli, Atti. R. 
Accad. Lincei, 1917, fv.] *<6, i. 71). By fusing 
brassic acid with potash, arathidic acid C20H40O2 
IS obtained (Goldschmidt, Jahrb. Chem. 1877, 


IS obtained (Goldschmidt, Jahrb. Chem. 1877, 
728) ; oxidation with potassium permanganate 
yields a diliydroxybchenio* acid (JukovsKy, J. 
Russ. Phys. Chem. Soo. 24, 499 ; Albitzky, lx,). 
Treatment with hydnodic acid in glacial acetic 
acid yields iodobohenic acid (Bayer and Co., 
D. R. P. 180087 ; Cliem. Soe. Abst. 1907, i. 380). 

BRASSIL. A local name for iron'pyritos. 

BRASSYLIC ACID C, 3112404. Obtained, 
together with other products, by acting on 
behonolic acid CgjHidOj, witli fuming qitric acid 
(Haussknecht, Annalon, 143, 45; Grossmanii, 
Her. 1 893, 644 ) M ay be propared by the action of 
nitric acid on erucio acid (Fileti and Ponzio, Gazz. 
chiin. ital. 23, ii. 393), and from <K-unde0enoic 
acid (KrafTt and Seldis, Bor. 19(X), 3671). Flat 
needles; m.p. 113^-114®; feadily soluble in 
alcohol and ether, sparingly soluble in water. 

BRAUNITE. A manganese mineral classed 
with the oxides, but containing an appreciable 
amount of silica (8~l0 p.c.), the formula being 
SMngOj'MnSiOj or 4Mn303‘MnSi0.. The man- 
ganese is usually isomorphously replaced by small 
amounts of iron, calcium, barium, Ac. It is 
generally found in compact masses, but sometimes 
as tetragonal p^amias, the angles lof which are 
' very near to tnoso of the regular octahedron. 

. The crystals possess a perfect pyramidal cleavage. 
The colour is black with a sub-mctallio to motallio 
lustre. Sp.gr. 4-8 ; H. 6-6J. The mineral i 
! found in tno manganeso-minos in Swed^yi ; and 
I with the exception of psilomelane, it is the mos 
I abundant of the manganese ores in India (t 
{ L. L. Fermor, Mem. Geol. Survey, India, 1909 
f xxvii). L. J. S. 

BRAZILITE. A synonym of baddoloyito 
iq.v,). I'he same name has nJso been applied 
to an oil-bearing rock from Baliia, Brazil. 

L. J. S. 

BRAZIL NUTS are the fruits of HcrilwUclia 
excelsa (llumb. and Bonp.). They yield 73 p.c. 
of a fatty oil of pale yellow colour, of a taste 
similar to that of the nuts thcmselvos. In 
South America an edible oil is expressed from 
the fresh nuts, but the oil known in Europe is 
derived from mouldy nuts, and is only fit for 
the manufacture of soap. The oil deposits a 
largo amount of ' stearino ' on standing. It is a 
* semi-drying ’ oil; .iodine value about 106; 
m.p. of fatty acids 28® -30® (Do Negri and 
FaDris). J. L. 

BRAZILETTO. An inferior kind of Brazil- 
wood obtained from Casalpinia hrMiliensis 
(Linn.), growii^ in th West Indies. 

BRAzILWTOD. Under the name of Brazil- 
wood certain varieties of the so-called * soluble ' 
red woods are known, the term * soluble * bfing 
employed to distinguish them from the dye- 
stuffs of the barwood class, wjiich only with 
diffictdty ^eld their colouring matters to boiling 
water. These soluble red -Woods gl.e with 
ajuminium mordanted fabrkss, Sk bright-red shade, 
which in each case is d«^ved from one and the 
same oolouring^inatter, and all are botanioally 
hUied, in that they consist of the wood of vaifous 

2 u 
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species of Ca^alpinia. About nine varieties 
have been employed as dyestuffs, of which the 
following are the best known : — 

Femambuco or Ptrnarnhuco toood is considered 
to be the richest in colouring matter, and is the 
product of the Ccesefyinta crijita^ a tree winch is 
abundant in Jamaica and Brazil. 

The true Brazilwood is derived from the 
CoBsalpinia hrazihemia, and is said to contain 
only one-half the colouring matter which is 
present in the Femambuco variety. It is 
obtained exclusively from Brazil. 

8nppanwood is obtained from the Casalpinia 
eappan, a tree which is common to the warmer 
rogioiyi of Asia. The so-called Limawood is a 
variety of sappan, and the dyewood imported 
from the Philippine lalamls is an inferior quality 
of this nroduct. 

Pcamwood is the product of the Camlpinia 
echinatat which occurs in Central America and 
the northern parts of South America. 

These woods, which are very hard, and of a 
(Kiep-rod colour, come into tlie market in the 
form of billots varying in weight from a few 
pounds up to a hundredweight. If froslily cut, 
the internal colour of the wood is seen to bo 
light-yellow, but this soon changes to deep-red 
in contact with air. 

Some varieties of these woods were employed 
for dyeing purposes in India long before the 
discovery of America, and it is stated that when 
South America was discovered by the Spaniards, 
in 1600, the northerly portion of the country 
was named Brazil (from Iraza, Jery red), because 
this rod dyewood was found there in such im- 
mense quantities. 

Owing to the fugitive character of the 
colour^ yielded by Brazilwooil, it is now only 
employed to a somewhat limited extent. 

Brazilin 0|*H,4Og, the colouring principle of 
Brazilwood, was first isolated in a orystallino 
condition by Clievroul (Ann. Chini. Phys. [1] 
06, 226) ; but was not further oxamined until 
1804, when BoHoy (Schweiz, poly. Zeitsch. ix. 
207) assigned to it the formula ^21^20^7 
buhsoquontly Kopp (Bcr. 0, 440) proposed the 
formula CgaflisOr, out it w'as loft to Liobermann 
and Burg (Bor. 9, 1883) to determine the exact 
composition of this substance, and their formula, 
Ci,H, 40., is in use at the present time. To 
prepare orazilin from the w'ood itself, it is best 
to employ tho commercial extract. This is 
stirred up with a considerable quantity of sand, 
the product oxtraoted with cold ether, the 
ethereal liquid evaporated to a small bulk, 
treated with a little water, and allowed to stand 
for some days. Crystals slowly separate, and 
these are purified by crystallisation from a litUo 
water. 

This method is, however, tedious, and the 
usual source of brazUin consists of the crude 
orystalline crusts of this substance which are 
frequently deposited from Brazilwood liquor, 
an« intermediate produot in the manufacture of 
Brazilwood extract. The crude substance is best 
purified by tw' or three crystallisations from 
water, to which a littlei julphurous aoid has been 
added \0iilbody,v/. H. Perain, and Yates, Chem. 
Soo. Trans. 1001, 79, 1396). Brazilin crystaUice^ 
in two forms, either as colourless needles contain- 
inpt or as colourless prisms with 1H,0. 

It is readily soluble in aloohoi and water, an6 


dissolves in a dilute solution of sodium car- 
bonate with a beautiful cam ine-red colour. 

TetraacetyUbrazilin C t iH | qO 5( C|H 3O) 4, colour- 
less needles, m.p. 149°-16l'' (Licbermann and 
Burg); triacetyJbraziUn OuUuOJC|HsO)s, 
needles, m.p. 105°~100® (Buchka and Erck, Ber. 
18, 1139); ftromfematYm CieHjgBrOj, browTi-red 
leaflets (B. and E.) ; dtbrombrazihn 
leaflets (Hchall and Dralle, Ber. 23, 1550) ; tetra- 
acctyWrombraziUn Ci4H«Br408(C*Tl80)4, needles, 
iB.p. 203°-204“ (Buchka, AnnaJen, 17, 086) ; 
letraacetyldibrombrazihn C , oHj^BrjO 5(0311,0)4, 

m.p. 186® (S. and IX) ; IrtbronAraziltn 

(iS. and 1) ) ; dvchlorbraziUn 
'IfO, (L. and B.) ; and telrabrombraziUn 
CiaH,,Br405, fine rod needles (B. and E ) have 
been prepared. 

When brazilin is methylated with methyl 
iodide in the usual manner, it gives braziltn 
trimeihyl Hhrr (S. and D., Ber. 20, 3306 ; Herzig, 
Monatsh. 14, 60 ; and Schall, Ber. 27, 525) 
Ci4H,iO,(OCH3)a, prisms, m.p. 138®-139®, which 
on acetylation yields areiyUtrazilin Irimethyl 
ether Oi,Hio02(OCH,)3(C,H3()), m.p. 171®-173® 
(Ilorzig, Monatsh. 15, 140 ; bchall, Ber. 27, 236). 

According to Gilbody, W. 11. Perkin, and 
Yates (Cliem. Soc. Trans. 79, 1403), large 
quantities of the tn methyl ether are conveniently 
prepared as follows : 143 grams of brazilin 

dissolved in the smallest possible quantity of 
methyl alcoliol are troatca with 35 grams of 
sodium in methyl alcohol and metliyl iodide 
(250 grams), and the mixture is heated 60 hours 
to GCr-05® in absence of air. A second method 
employed also by v. Kostanecki and Lampe 
(Ber. 35, 1009) consists in methylating brazilin 
with excess of dimethyl sulphate and alkali. 

The difliciilty experienced in fully methylat- 
ing brazilin is evidence of the presence of an 
alcoholic group; but tho t€t>amethyl ether 
CiaH, 30(00113)4, m.p. 137^-139°, has been pre- 
pared by 8chall by treating tho sodium com- 
pound of tho triinethyl derivative suspended 
in benzene with methyl iodide at 120° (compare 
also Herzig, l.c. ). From this substance the follow- 
ing derivatives have been prepared ; — 

Brornbrazthn tetramethyl ether C|4H3BrO' 
(OOH,)4, prisms, m.p. 180°-18r (S. and D., Ber. 
21, 3014); and dibrombrazilin tetramethyl ether 
C,4H(,Br30‘(0CH,)4, m.p. 216° (S and O. Her 
23, 1432). 

When brazilin is submitted to dry distillation, 
it gives resorcin (Kopp, f.c.), and by fusing it 
wiw potassium hydroxide, Liebermann and Burg 
obtained resorcin, and Herzig (Monatsh. 27, 739) 
also protocatechuic aetd. With nitric acid brazilin 
yields irinitroresorcinol (Reim, Ber. 4, 334). 

When brazilin, the colouring principle, is 
oxidised under suiti^ble conditions, it is converted 
into brazileinf the true colouring matter 

^I«^^l4^#'i‘D = C|4H|305-f-H30 

and for this purpose the action of air on an 
alkaline brazilin solution, alcoholic iodine 
(Liebermann and Burg), potassium nitrite, and 
acetic acid (Scholl and Dralle), nitric acid in 
the presence of ether (Buchka and Erck), and 
sodium iodate (Mayer, Zentr. 1004, i. 228) 
have been employed. It can, however, be mote 
economically prepared from Brazilwood extract 
in the following manner (Hummel and A. G. 
Perkin, Chem. Soc. Trans. 1882, 41, 367) : — 

To an aqueous solution of the extract of the 
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wood, an oxcms of ammonia is added, and air is 
aspirated throughithe liquid. A precipitate of 
the impure ammonium salt of brazilien gradually 
separates, and tliis is collected, dissolved in 
hot water, and treated witli dilute acetic acid 
(Bp.gr. 1*04). A brown viscous precipitate of 
the crude colouring matter is thus obtained, 
which is extracted with hot dilute acetic acid, 
and the extract evaporated on the water- bath. 
Crystals of brazilein separate, which are collected 
and washed with acetic acid. 

Brazilein consists of minute plates possessiiu; 
a strong metallic lustre, and by transmitted 
light a reddish-brown colour. It is very spar- 
ingly soluble in all the usual solvents, and 
cannot be reciy'stallised in the ordinary manner. 
It is in reality the colouring matter of Brazil- 
wood, and possesses strong tinctorial property. 
Alkaline solutions dissolve it with a deep-red 
colouration, which on standing in air nas.scs 
gradually to brown. A study of this oxiaation 
was carried out by Schall and ilralle, with 
interesting results. 2*7 grams of brozilm dis- 
solved in 150 c.c. of water was treated with 10 
c.c. of sodium hydroxide solution (sp gr.* 1 ’S?), 
and air aspirated through the liquid for 30 hours 
Ether extracted from the acidifiefl solution 
^-reaorcyhc actfi, and a suhatanco CJjHjOi. 
crystallising in brownish-yellow needles, m.p 
271°, which ga^ea duircO/Zcompoutid, m.p 148 - 
149°, and a dimelhyl ether, m.p. I09®-170®. 
When the latter was oxidised in acetic acid solu- 
tion, with potassium permanganate ft resorcyUc 
ncid monomfihyl cllwr was produced : 



Schall and Drallo considered that this com- 1 
pound was probably a pheno-y-pyronc derivative, 
and Feuerstein and Kostanceki (Bcr. 32, 1024) 
proved that this was in reality the case, and 
assigned to it the following coriKtitiition ; — 

CH 

I I 11 

Thus the dimethyl ether, when hydrolysed 
with alcoholic potash, gave jiaetol dimethyl ether 



% substance which had already been obtained 
in a similar manner by Herzig from Osetin tetra- 
methyl ether (see Young Fustic). 

Our chief knowledge of the constitution of 
brazilin is duo to the elabomte investigations of 
W. H. Perkin and his pupils, who obtained most 
important results by the oxidation of brazilin 
trimethyl ether with potassium permanganate, 
and also with chromic acid. 

Gilbody, Perkin and Tates (diem. Soo. 
Trans. 1901, 79, 1465) found that when brazilin 
trimethyl ether is oxidised with permanganate, it 
gives, in addition to oxalic, acetic, and formic 
acids, the following compounds 

1 . m^Hemipinic fcid • 

CH,0|^NcOOH 
CB.ol JCOOHL 


680 


The isolation of this substance was important, 
since it showed that brazilin contains aseateohol 
nucleus and two orthohvdroxyls, and as a result 
of these latter no doubt in part its tinctorial 
prouertics arc duo. 

2. 2 Carboxy-^-methoxy^henoxyacetic acid 

CH.CV^^OCH.CO,?! 

On fusion with alkali, tMs compound yields 
resorcinol, and on heating with water to 200* 
13 converted into methoxyphrnoxyacetic acid 

CH,0/\0-CH,C00H 

^ ^ * • 

This can bo 8yntlie.<^isod by the interaction of 
eth^'lbromacetato and the sodnim compound 
of resorcinol monomethyl ether and si^isequGiit 
hydrolysis. 

3. Brazdic acid 




\\hcn fused with alkali, gives resorcin, and on 
warming with sulphuric acid is converted into 
anhydrohraztlic acid 

CH,0|^ Y 

Boiling baryta water hydrolyses anhydro brazilin 
aciil, with production of fmmw acid and 
Q-hydroxyA -methoxybenzoylpropionic acid 

CH,0|^\-0H 

l^^'-CO— CHj-CHjCOCJH 

On mothylatton this is converted into the 
dimethyl ether, and the latter can bo produced 
by the interaction of dimethyl resorcinol and 
the half-chloride of succinic acid monoethyl 
ester, and subsequent hydrolysis. It is also 
formed when resorcinol din^thyl ether and 
succinic acid arc treated with aluminium chloride 
without omploving' a solvent. 

Finally, when the methyl ester of this 
hydroxymethoxybenzoylpropionio acid is dis- 
solved in ethyl formate and treated with sodium, 
the methyl ester of anhydrdbrazilic acid is pro- 
duced. This interesting synthesis may be repre- 
sented as follows : — 


CH,0[^^0H 

I CO— CH,-OT,-C00Cir, 

OH CH OH 

-* IJ- ' 


II 


-C0-0-CH,C00CH, 


CH.Oj^'^'^CH 

arboxf^mylformie acid (1), and 
^xybenzoytformie£fiid (2). 

(1) COOh/V-OCII? (2) iXJOn/'^OCH, 
^OH-CH,ll— OC!H, CODH-OOl^l— OCH, 


Dimeihoxi 
dimethoxyca 


represent intermediateastages in the Sormation 
of m-hsmipinle acid from brazilin trim|thyl 
ether, whereas the s«id 
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“-"Os 


a— CH,*OH(OH)COOH 


alfio isolaUxl, in, no doubt, that pro<1urt of tlie 
oxidation which in a|tcrior to tho formation of 
carboxymethoxyphoraDzyacetic acid (aee aiiove) 
The earlier work auegented the following 
probable conatitution for Wzilin 

Oh/N— O — • — CH ^OH 


-ch(OH)-(;h-ch, 


!OH 


but thia, aa a rrault of the inveaiigation of 
brazilmio ^rid, a vory important aubatance, 
alHo ]froduccd by the oxidation of brazilin 
tnmeihyl other, waa aubacquontly diacarded. 

Hrazxlxntc arid. The conatitution of thia acid 
haa lioen (onrluaively demonstrated by its aynthe- 
Bia, which haa lie^n effected by tho interaction of 
m-hemipinie anhydndo with ethyl nicthoxyplu n- 
oxjra^tate in tho preaence of aluminium chloride 
Thia 18 illustrated by the following equation 

CII 0-(?U ,(X>0 Kt 
+ (•()-(() 






COOH 


ooRTTHm,. 


0 (. 

BraxlUnlo acid. 

When brazilinio acid ia reduced with aoitium 
amalgam, it la quantitatively converted into 
dxhydrobrazxUnxc acxd which at once 

loses water with tho formation of the lactone 

To avntheaiso the latter compound, m^hemi- 
pinic iinliyilnde jh condenaeil with resorcinol di- 
■ itfic ■ ' 


CHjO/^OCU, 


V 


methyl ether to form 2Jiydroxy-4.6\A' -trxmtthoxy 
bt nxoylbenwxc acxd 

ciiiO.-^X-OH c'OOH/^orn, 

\/ 

When reduced uith sodium amalgam, this 
acid ^ivea 2-m-fn('Conyi-0-melAoryphcnol (1), 
and this by tho action of ohloracetio acid and 
fHiiaasium hydroxide ia converted into the 
l.ictono of dibydrobraxilinio acid (2) 

CH,0(^V*0H .0. 

I 1-ch/ ^CO 

^ I 1 ^ 

CH4}^'^^0-CH,-C00n 


(b 




f 

CHiOi/V-O-CHt-COOW 

! m L >-CHOH COOH 

OTTjO OCH,. 

Dihydrobrazilinic acid itself la accordingly 
represented by formula (3). 

Tho following conatitution 

O 

Oil 

^ 5 ■ 

no OH. 

has, an a remit of this work, been assigned to 
brazilin by Perkin and Robinson (Ohera. Soc. 
Trans. 1008, 03, 406), and is in complete har- 
mony with the facta above enumerated. 
Oxidation of IriwethyVjrauhn V'ith chromic acid 

When trimcth>lbra7.ilm is oxidised with 
chromic and it is converted into trxmcihyl- 
hrazxhnt {(iilbody and Perkin, r. i«/ro) — 
(rif,o),c IJ , , 1), + 2( ) - H + 11,0 

and this apparently simple reaction has proved 
to be of an extroinely puzzling character. 

When trimethylbrazilone ia oxidised with 
permanganate, it givea m hrxmpxnxc arid, 2- 
cariioxy - 5 - methoxyphenoxyacetxc acid^ brazxlic 
and, dxxncthoxyearf^ryfiemoylformxe acid, dime* 
thoxycarlfozyttemylformxc and, methoxyextrbozy- 
phcnoxylaetxc and, and irrazxlxnic acid. 

In an earlier pajier, (lilbody and Perkin 
((Miem. Koc. Trans 1002, 81, 1040) auggeated for 
trimethylbrazilone a constitution based upon 
their first formula for brazilin {nec above), but it 
w'as subsequently shown (ibid 1008, BS, 408) that 
the reaction proceeds as follows • Ry the oxida- 
tion of tnmetiiylbrazilin (I) with chromic acid a 
rtisruption of the central linkage occurs, with the 
formation of an unstable diketone (2), and 
this Bubsequently undergoes aldol condensation, 
and trimethylbrazilone is produced (3) — 



CH.O;' 




I 


(3) 


yCR<X) 



I w/n. 

This formula represents trimethylbrazilone 
aa a derivative both of coumaran and tetrahy* 
dronaphthalene, and afTordt a ready explanatioci 
of the decomposition produots of tnU compoondL 
An importaxt pomt in favonr of Ihaa eon- 
•titnUem iaafforded oy the bebavionr of trimethyl- 



BRAZILWOOIX 


COl 


brazilone with alkwis, or aoetio anhydride and 
other dehydrating titteuts, (or it is thus converted 
with loss of one mofeoule of water into onAyefro* 
irimtthyVbrazilone (CUt 0 )aC]^H 70 |. There can 
be little doubt that the formation of this sub- 
stance is due to the elimination of water from 
the aldol grouping in tnmethylhraTilone, and 
that it possesses the following formula : 

UH.O^ \_COH 

\h 

> 

UCII. 

Anhydrotrimethylbrazilone is thus a deriva- 
tive of 0-naphihol, and it possesses man^' of the 
properties of this bubstance. It is soluble in ddute 
alkali, and this solution gives with diazobenzeno 
chloride a red azo- dyestuff. Diazonaphthalcnc 
chloride behaves similarly, and the dvo thus 
produced dissolves in sulphuric acid with a blue 
colour. 

When tnmethy) brazilone is boiled in acetic 
acid solution with pheii\ Ihydrazino, deoxyir%> 
methylbrazilone 0,^11 -0,(CH,*0)| is obtained, 
and thi.s is probably a dihydronaphthaluno 
derivative of the formula 


C1I,0 




I (^HCll 

s / 

CH 

\ 

< '■> 

ocii, oc;if . 

The most striking reaction of trimelhvl- 
bra/ilono is its behaviour with nitric acid, when 
it yields a compound possessing the cumpusitioii 
of a nilrohydroxydihydrolrxmcikyUnazxlove 
C„H,0,(CH,0),-hHN0, = C»,H,oO,N(CH,0), 
This substance dissolves in alkali with a 
nurple colour, but on standing the colour rapidh 
lades, o-nxtrohomoverairol separates, and the | 
solution contains p-mtlhoryaMtcyltc acid. (Jxi- ’ 
dation with permanganate gives 2’Carbuxy 
meihoxypfiemxyacetic acid, and these dccum * 
positions pomt clearly to the formula I 

/O 


which was based upon the production from it of 
dthydroxyphono-y-pyrone (Sohall and^ Dralle) 
by alkaline oxioation, and of protocatechuio 
acid by fusion with alkali (Herzig). 

It was, however, pointed out by Perkin 
that this formula does |^t account for the 
presence of fH-hemipinio mid among the oxida- 
tion products of trimetliylbrazilin, and Herzig 
and Poliak (Monatsh. llKil, 22. 2U7) advanced 
a similar criticism. On tlie other hand, it was 
suggested at the time by* v. Kostaiieoki and 
loimpe (Per. 1902, 36, 1(U>7) that m-heinipinio 
acid was not to bo rcganled ns an oxidation 
product of trimethylbrazilin itself, but that it 
arose from the formation, during tlio oxidation, 
of a phonanthrene or indciie- derivative), which 
by the fiirllier action of permanganate gives 
this acid. 8uch an iruione-cundensatiun is 
illustrated by the following schcni«v which, 
according to these authoi's, probably occurred 
during the formation of tnmethy Ibrazilone from 
trimethylbrazilm. 

The first product of the oxidation* with 
chromic acid uill possess ilia formula (1), dhd 
this is converted by the folio a mg stages into 
irimcthylbraziione (3) . — 



CH.O 






t.'U, 

I ; 

C(OH)— CH,; 


o,N'^''ocir, 


( 

/OCH, 


W-0 

as representing the constitution of this nitro- 
compound. {See eUso PcVkin and Robinson, 
idfd. 1909, 05, 381.) 

Feuerstein and v. Kostanecki (Ber. 32, 1024) 
assigned at first the following constitution to 
brazilin : — 


This constitution accounts in a simple 
manner for the formation of the anhydrotri- 
methylbrazilono (1), and the riitrohydrozydi* 
hydrotrimethy Ibrazilone (2), of Perkin, which 
can bo represented as follows : — 

,0, 


(0 


CH,()/ Y Clf 


I 



HOC- 


(2) 








JiOh' 


I 

J HO-CT 


0,Njf^0CII, 
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ifVhen anhydrotrimethylbrazilone is digestofl 
L hydriodic acid, anbyui 


When 

with hydriodic acid, anbydrubraziione 0»H„0, 
-f H*0 i» produced, but when triraethylbrazi- 
lone itself is treated in a similar manner, the 
result is of a ]>ccuiiar nature. The compound 
CijH« 0 ( 0 H )4 so obirmed docs not consist of 
brazifonc, but possesAM the formula (1) or (2), 
and on distillation with /.inc <ltjst gives hrazan 
(3) (Kostanccki and Lloyd, Her. 1003, 30, 
2103). 


HOr i Vh, 


( ,Oif 

C(L / \OU 


Vll 


/ 


1. 

.0 . 


'' 

OK 


;tm 

2. HO ' 

1 1 

Yki 

. 

-V /x/OU 

oil 




Rru/iliii. 




IQH 


L 




/x/N/x/x 

I I ill 

• / 

In 1890 Liebcrriann (Ber. 32, 924) obtained 
anhydro-a-najihtlioiiuinone resorcin by the con- 
densation of 2-3-dichl()r‘a*nai)hthoquinonc with 
LCborciu 

- O 


C<^ /\OUll, 

\h/ J !och. 

'C(K 

Tnmeihylbraziloae. 



1I0~ 


/ . 
I I 
\/ 


O 


/ 




II 

o 


cii,o 

>ll/ 

\:o 

Ariliyilr(>trlm«-t!iylbnuil<>ii«‘ 

Herzig, moreover, observed (Ber. 1904, 37, 
<i31) that tniuothylbrazilone undergoes isomeric 
change when it is dissolved m siilphuru: acid, and 
Melds y'trtrriefhylbraztlone C, 4 H„Oj(OCH 3 ) 3 , 111 . 0 . 
170^-173°, to winch the formula 


<'H.O 


and this, according to v. Kostanecki and Laiupo | 
(Bor. 1908, 41, 2373), is ;Miydroxy biMuan(|umone 
By reduction with hydnudic acid, tins gives 
i^vdroxykrazau 


'X-H. 

i 


o 


I'orYv^i^ 


\/ 


and from this latf.)r or from the qiiinono itself, 
brazan, identical with that obtained from 
triniethylbraziloiie, is produced by distillation 
with zinc-dust. Brazan erystallisos in Icallets, 
and melts at 202'’. 

V. Kostanccki and Lampe (Bor. 1002, 3r», 
1074) considered it probable that, after all, 
triiuotbylbrazilin does contain, as found by 
Berkin, a nucleus which on oxidation yields 
heraipinic acid, and appear to have adopted the 
following as thoir tiual formula fur braziliii : — 


was assigned (Eferzig and Poliak, Monatsh. 
loot), 27, 743). Perkin and Kobuison {l.c.) 
find that on oxidation with permanganate this 
compound gives large quantities of 2-carboxy- 
4 ^-duticfhoxj/phenyUpeftc acid (CH 30 ) 2 *C 3 Ha* 
((UlOIf) CHa-COOlI, and that there can tSi 
little doubt that its true constitution is ropre- 
seuted by one of the following formuliie : — 

„ COOH-Cir.,^OCH, 


C1I,0| 





Tint constitution, it is ovidont, will still 
harmonise with the formulse of trimethyl- 
brazilone and aifRydrotrhnethylbrazilono given 
above by^hese autkors. 

Hersig and P^ak (Ber. 1906, 39, 267 )l 
suggested the folloAring constitution for brazilin/ 
trimethylKrasilone, and Aohydrotrimethylbrazi- 
lone I— * * 




cooh/\och, 

•vV— 

Finally, in 1000 Herzig and Poliak (Monatsh. 
27, 743) considered it necessary to mo^y their 
first formula for brazilin, and have amved at 
the conclusion that that finally proposed by v. 
Kostanecki and Lampe correctly represents this 
colouring principle. The more recent work of 
Perkin ana Robinson detailed above shows, how- 
ever, that such a constitution cannot be correct, 
because it does not account for the production 
of braziluuc acid by the oxidation of trimethyl- 
braziliu 


CH.Of^ 

\/-co 


/O-CH.-COOH 
\ . COOH 


0^, O'i^, ' 
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and there is eTery reason to consider that thel 
formula suggested by the latter authors is the 
correct representation of the constitution (r/J 
also Perkin and Robinson, Chem. Soc. Trans. 
1009. 95, 381) of brazilin. 

BraztUin yields a triaoetyl derivative 
C,,H,0 ,(C,Hj 0)3, yellow leaflets, m.p. 203®-207® 
(Schall and Drolle, W. 23, 1434), and a trinieth^l 
ether C|«H|(0CH,),04, whicli crystallises in tao 
modi6cations, melting at 160® and 178® respec- 
tively (Engels and Perkin, Chem. Soc. Proo. 1906, 
22, 132). Braziloln trimethyl ether combine^ 
with formic acid, yielding a formic acid derivative 
which crystallises in garnet-coloured prisms, and 
is decomjKised into its components by treatment 
with alcohoL 

The constitution assigned to bruziloin by 
Porkin is as follows : — 


, , qoH) 


/— 

\ 

OH 

When brazilcin is dissolved in sulphuric acid 
and the solution is diluted with luetio aeid, 
minute orange-red prisms of taobraztletn aulphuU 
^i«Hu04*f504n separate (Hummel and A. G 
Perkin, Chem. 8oo. Trans. 1882, 41, 367), and this, 
on treatment with alcohol, gives the basic sulphate 
C\-HijO.(CigHi^^Ov ‘80411 )|, which crystallises ii. 
reJd needles. Hydroohlorio and hydrohioiiiie 
acids at 100® give iwhaztkincldorhydrin 
CigUii04‘Cl, and twbrazilciubromhydrtu 
Ci4H|i04Br, and both compounds consist of 
orange-coloured prisms, which arc somewhat 
readuy soluble in water, forming a solution 
which contains free haloid acid, 'rliese uiterest- 
ing substances dye mordanted fabiics colours 
wmch arc entirely dillcrent from those yicldeil by 
brazilcin, and the shades which aie oruduced, 
especially on calico, somewhat icseiiiole tiiu^e 
given by alizarin. From these haloid salts by 
digestion with silver oxido a substance is jiro- 
duced known as laobrazileitt, which has the j 
formula 0,.H. 2O5, but is totally distinct fiom 
brazilein. 

According to Engels, Perkin, and Robinson 
(Chem. Soc. Trans. 1908, 93, 1140), whose 
paper must be consulted for the detailed 
account of brazilein and its denvatives, these 
iso brazilein salts are derived from 4-3-t^/io- 
benzopyranol (1), and the sulphate which is 
IrihydroxyA • ^•inde.nohenzopyranolankydrohydro- 
gen sulphate (2), may bo represented thus : 

HSO4 

II 

( 1 ) 0 ( 2 ) 


'-A 






-L 


It was found, for inatanoe, that when brazilein 
Irimethyl ether (3) is treated with sulphurio imid, 
it is converted with loss of methyl alcciiol into 
the dimethyl ether of taobraziloin sulphate (4) 

IISO4 


CH; 


C3) 


/\ 


COCHa 

\/\ /\ „ 

(' Clla 


1 


(4) 






A 


OCH, 0 


:rf, 

I 1 

<~> 

0(;ii, (5 i£ 


These authors assign an orihoqiiinonoid 
stiucture to this and similar oxonium salts. 

More I'oeeully Crabtree, Robinson, and 
Turner (('hem. 8oe. Trans. 1918, 113, 859), 
employing butem irimethyl ether, have sue- 
eecded by' v'ery simple methods in syiithesiHing 
isobrazilem liyiliochlorido. .J^ly reducing buiJCiii 
tiimcihy I ether (I) : - - 


0 ()H 

r.Cll 


OCHs 

iho dihydio {heii/.ylacetopheiume) compound 
(2) IS obtained. 'I'liis by digestion with an 
excess of ahs^lulo formic acid ai. jiresonco of 
zinc ('lilorido is Iransforined into the hydro- 
chloride of isobiuzilein trnnrthyl ether (3) ; — 


(■H,o/\/' 


llOCll 

II 

oil u 


(iil 


/ > 

Ol'll, (JCJI, 


Cl 


Cll,<i/\'' '''('11 

0.x 


CO 


icirr^cit. 


With fuming hydrochloric acid at 1 20®- 1 60® 
demethylatiun occurs and isobrazilein hydro- 
chloride IS produced : — 


(J1 


""0 
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iiy the tttbftitution of acetic acid for formic 
acid in *thii reaction the corresponding methyl 
isobrazilain derivative can be obtained . — 

Cl 


I passage through a ferric salt(iolution (nitrate of 
These colours are now replaced by others 
obtained from coal tar. * A. G. P. 

BRAZILBIM and BRAZILDf v. Brazilwood. 
BRAZIUAM AMIME v. Oleo-ruixs. 

BREAD may be defined as the dough made 
by the mixture of the 6 our of grain wiw water, 
cmirged in some way with gas so as to distend it, 
and afterwards baked. The resulting loaf has 
a delicate spongy structure which causes it to 
bo the most readily and easily digested of all 
wheat foods. The simplest and most primitive 
form of bread making consisted merely in mixing 
dour with water and baking the doiigii, and it 
survives still in the Passover cakos of the Jews 
and ui the ‘ damper ' of the Australian settler. 
The charging with carbonic gas is commonly 
effected by fermentation with leaven or veast ; 
alternative methotb involve the use of baking 
powders (?.v.) or the direct injection of the gas. 
In addition to producing gas, fermentation has a 
profound effect on the constituents of flour, and 
improves the flavour and digestibility of the 
llHlf. 

The mechanical result of adration is the 
creation of innumerable vosielt's or cells within 
the dough, which are subsequently distended by 
heat, the whole ma^.s Lcing encased in the baking 
within the crust of dextrin formed by the action 
of heat upon the starch. The making of bread 
j from wheuteu flour is onlv possible because the 
’ lutU r contains gluten. Gluten is a mixture of 
proteins which b^omes viscid when mixed with 
Matc'r, and, when blown up with gas, has suffi- 
cient coherence to remain in the form of a honey- 
comb instead of coUapsuig and allowing the gas 
to escape. 

Leavening (I.at. leva, to rise) has been 
practisf'd from tune immemorial in tho East ; 
from the Egyptians it {)ai>sed to the Greeks anti 
thence to the Romans, whose conquests and 
colonies extended the art. It consisted in the 
first instance probably in a natural fermentation 
of the dough by leaving it to become sour ; but 
to hasten the process it heeamo usual to add to 
new dough a portion of old fermentcKl paste or 
* leaven.* Mure rcceiitiv, yeasts were substi* 
tuUnl for the piece of leaven. These were of 
various origin, that from tho distillery being the 
most suitable. To-day, ‘ pressed * or German 
yeast, which consists of yeast grown in a spc'cial 
way, purified by repeated washing and com- 
pressed into cakes, is ^e .most generally used. 
This keeps well, is uniform m quality, and enables 
the baker to exorcise a close control over the 
regularity of the process. 

Doimh consists * roughly by weight of two- 
thuris m>ur and one-th^ water, the quality of 
tho water being a matter of some importance. 
The softer the water thb quicker is the fermenta- 
tion, and since the quality of the bread depends 
ou iurmeotatiou being allowed to procera to 
exactly the right poinC it cannot be carried out 
under preoiscly the same conditions with hard 
as with soft water. 

ChemMtry qf bread making ^ — The chief con- 
stituents of flour, so far as bread making is con- 
cerned, are (1) the carbohydrates, (2) the 
proteins. The former include sugars end starch, 
t^r proteins consist of a imqlT proportion of 
soluble protein and a large proportkm of in- 
soluble gluten. • r- r- 
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7'ho synthesis in this manner of a colouring 
mutter so closely alhed to braztlm itself by the 
employment of butein, a yellow dye which 
exists in the flowers of the liutea Jrondosu 
(Perkin, Chem. Sue. Trans. 1004, 85, 1459), is 
of exiieciMirial interest. 

Tne commercial preparalions of Brazilwood 
known as Brazilwood ezlrai t and Brazilwood 
liquor, arc jireparod by boiling the ground frc'sh 
wood \?ith water, and evaporating the decoction 
tliii* obtained to various degrees of consistency 
without access of air, or as ra[)idiy and at as low 
a tomporaiure as ]:w8siblo, e.g. in vacuum pans. 

Dyeing Propertiea , — Before dyeing, the logs 
ns imixirtcd are ras|)od to a«';oar8e fiowdcr, and 
tills is then usually moisU'ncd witli water and 
allowed to fcrineiit for Lome w'ceks. This 
/tperatiun is performed in order to increase the 
colouring power of the wood, and there can be 
little doubt that a con.si<l<TahIe quantity of the 
brazilin presdit is Dierehy oxidised to the 
colouring matter brazilcm. It his lx«n con- 
sidered l)y some that the fresh wooil contains in 
reality a glucosido of brazilin, which, undei the 
influence of fermentation, is hvdtol^sed, but no 
vwdonoo 4.UH been {orthcommg in support of 
this sucgeation. 

Altluiugh still used in caIieo j)i inting and in 
wool-dyeing, Biazilwood and its allies have 
lost tboir iiiipurtaace, tdiiefly because of tho 
fugitive character of the colouis they yield. In 
caUoo- prill ting, saif^ian li(|uor is cm ployed for 
producing stoani-reils and pinks, the mordant 
used being aluminium acetate or stannic oxalate, 
separately or coinhined, together with some oxi- 
dising agent, e.g. potassium clilorate or a copper 
salt. It also outers into the compoMtion 
of steam- chocolates uikI certain tteam colours 
in conjunction wdth other dyowood extiaots. 
These woods have also been much used in 
the past along w'ith garanoine in dyeing the 
rods, chocolates, and other colours of cheap 
prints. , 

In wool-dyeing those woods have been ap- 
plied* for the purple of dyeing rods and various 
shades of olaret and brown, the wool being pre- 
viously monlanted with alum and cream of tar- 
i.'ir or oxalic acid, or with potassium dichromate^ 
hi which case other dyewoods, €.g. logw’ood 
and old fustic, are applied in addition. The 
colours pr^uoed by tnis method are now only 
ubod toa limited extent 

In ootton-dveiug, peachwood-red was for- 
merly obtained by fiajt preparing the cotton with 
tuimn matter, toon mordU^ting with a stannio 
salt, and fiiA% dyemg- with pe^wood, tappan- 
wood, Ac. Browns ucre obtained by the use of 
logwood hki^ddition, with^or without a final 
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The gee formed dtiring penety fennenUtion i checks diestatio action and fcrmentatiun to 
IS produ^ by the action of the yeast oiganism some extent. Dse Is made of this property by 
on dextrose. Ftour contains about 1 p.e. of the baker in dealing with sponges tiiioh are 
sucrose and a little raffinose : before fermonta- over-ripe : a little more salt than usual is used 
tion, both these sugars are converted into in making the dough* and the subsequent fer- 
dextrose by the ensyme tnverlase present in mentation is rotaraed and the disintograied 
yeast. This amount of sugar would not suffice gluten someu'hat toughef^l. 
to give the necessary amount of gas, but it is To make a large, Mren-ahratod, shaixdy loaf 
supplemented by the maltose produced from the > of good colour and flavour, it is tu'ccssary to use 
starch of the flour, maltose being itself converted a large proportion of flour from strong wheats., 
into fermentable dextrose by another enzyme Such a flour usually contains more nitrogenous 
maUase contained in yeast. comiK>uiuU than a weak flour. Commoroially, 

The formation of maltose is effectetl by the i a demand has arisen for strong flours, which 
agency of a diastatio enzyme present hi flour ; accordingly realise a higher price than weak 
it begins directly the flour is wetted and continues | flours. The strongest flours come from parts of 
throughout fermentation until the loaf is baked. I the United States and Western Uanaua, also 
Yeast contains no diastatio enzyme, but it is | from Hungary. Knglish w'heats give, ak a rule, 
possible that its action on the protoma of flour weak flours, w'hich by thomsolvos are unsuitotl 
facilitates the production of diastase. for modern bread making, ' 

Qas escapes from the dougli throughout the It is the object of the large millers to produce 
proceos of making a loaf, and the supply available a brand of flour suited fur bread making which is 
must be sufficient to distend the loaf and main- j a blend of several wheats, and to maintain this 
tain it fully distended until it is fixed in the oven. | brand of flour of uniform quality throughout the 
Flours which have relatively little diastatio ! year. The prt^paration of sample loaves, node 
enzyme will produce insufficient gas, and this under carefullv standardised hcieutiflo conditions, 
fact explains perhaps the beneficial results < still remains the most satisfactory tost of quality, 
sometimes obtained on adding malt extract, ! and many flour mills maintain a laboratory for 
which is rich in diastase, to dough. This ques- this pur|K) 80 . 

tion is in reality somewhat more complicate m , Aeeordmg to Hiimphries, the 8ta«‘oh of flours 
that diastase consists of two enzymes — a liquefy- 1 made from wheat grow n in hot, dry climates is 
mg enzyme which renders the starch soluble, and I very stable and reRists diHinteOTiition. Such 
a hydrolysing enzyme which converts it into flours require special treatment, the addition 
maltose. It ui the former rather than the latter malt extract i^ing a very common process, 
onzymo which is sometimes lacking in flour. ThiR addition generally oauHivi at) improvement 
(jilaten is the characteristic and the most sn flavour, dii. , it is Hiipposcd, to the production 
important oonstitucnt of flour (r. Ulutkn). it of dextrinoun products, which further have the 
is the agent which principally detei mines how' effect of making the bnwid more moist, 
much water a dough will lake ; what length of There is a los.s of weight during panary 
time it requires to be fornicnUnl ; what will be fermentation, due to the conversion of oarbo- 
the size of the loaves, and their colour, flavour, hydrates into alcohol and carbon dioxide. Jago 
and general appearance. The baker requires . estiroatos this loss at 1-3 p.o. ; other authorities 
quality rather than quantity : the relation give somewhat higher values. Kxporiments 
bctw'ecn chemical constitution and quabty is | made at FitUburg indicate that over two-thirda 
not yet fuUy understood (see British Association of the total fat present in flour is lost during 
Rejiort on Wheat, Wuinipeg, 1900). During j baking. 

fermentation, gluten becomes softer and at first The manufacture of bread. To-day, in 
more elastic, stfbsequcntly it softens still further, large towns, bre^d is UHuaily made in bakeries on 
loses elasticity, and begins to break down, a manufacturing scale, and maciiinery is em- 
Baker’e yeast alw'ays contains lactic acid ployixi for the mixing of the dough, weighing 
organisms, and the conditions in a long spongo ami moulding of the loaves, whilst the baking is 
are favourable for the formation of this acid, carru^d out in largo clraw-pUto ovens, 
which has a marked solvent and disintegrating There are various eystoma of broad making 
action on gluten. Ae^'ordingly, in a long depending on whether the dough is made right 
sponM, the gluten is considerab'y dismlegratod. off in one operation, or wliother a portion of the 
The Daker’s art consists m taking the s^ionge | flour, the yeast and the water, are first made up 
when sufficiently mellow. If undcr-fcrnientod, I into a loose piste— the sriongc — and the rest of 
a foxy crust is obtained ; if ovcr-ripe, the gluten the flour abided soiue hours later. A third 
becomes too much disintegrated and the loaf is system involves the preparation of a ferment 
less bulky, inclined to crumble, and m extreme most commonly oonsisting of potatoes, boiled 
cases becomes sour. and mashed with water to which a little raw 

Common salt is very generoUv added to flour is added. The yeast is introduced into 
bread. This is done ilrstly to give the necessary this and fermentat- ^n carried out so as to favour 
flavour, as owing largely to the action of salt in , growth and reproduction and get the yeast in a 
stimulating tiie palate, minute quantities of I particularly active state. Flour is added to 
other substances can be recognised in its pro make a sponge, and this, some hours later, made 
ienoe. Secondly, salt has a toughening and into dough. The longest system of ferinenta- 
binding effect on gluten, though it has a advent tion is praclisod in Scotland* An eighth or 
effect on some of the proteins of flour. In view tenth of the flour is made into a fairly tight 
of the modem theory that t^ propeadies of dough with a little jreast s d allowe^^ to ho 14 to 
gluten axe due tc small quantities of asaooiat jd 18 hours, during which time the gluten becomes 
sahs, the effect of the added sodium chloride almost entirely soluble, and the dough acquires 
must be taksn also into soconni. Sslt also a distinctly vmous smell and taste. It is then 
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broken up with flour and the reaiainder of the i 
liquor to e thin sponge, which lies about hours 
till it sholirs signs of turning and is then made up 
into a rather soft dough. The long systems 
formerly in use, were partly the result of custom 
and partly duo to the slow working yeasts used. 
To-day, particularly largo oakeries, the 
tendency is in the oirectiun of the straight 
dough, though the spongo-and-dough method is 
very largely praotiseu. It has been claimed that | 
the longer processes Acquire loss yeast, make 
bulkier bread, and broad of better flavour. { 
Wheti the <iough is ready it is scaled oil and • 
kneaded into shape. This presses out nearly all 
the gas and toughens the gluten ; if it is not 
thoroughly done the loaf is likely to contain 
holes. The loaves are next put aside in a warm 
place to prove, during which the gluten relaxes | 
and the yeast expands the tlough evenly. Too; 
much prcMit roust be avoided, as on putting the, 
bread in the oven the excessive expansion is 
frequently followed by the collapse and flatten- 
ing of t^io loaves. 'J’ho loaves are then baked at| 
460^'600^K, a 2-lb. loaf requiring about 40-50 
minutes. During baking, tlio gases are at first, 
expanded and the dough swells, the yeast is 
killed, some of the starch cells burst, the heat, 
sets the gluten and the starch, and finally thei 
crust is converted into dextrin and in partj 
caramelised. ! 


extreme example. Fine rye bread ia as digee- 
tibia as wheaten bread, but in the case of 
pumpernickel a very large miMrtion ia un- 
abeorbed (Romberg, Aromv. z. Hygiene, 1897, 
28, 244). 

Baking Potederg , — Carbon dioxide ma^ also 
bo generated within dough by the action of 
baking powders, which are usually mixtures of 
sodium carbonate and some acid or acid salt, 
and evohe gas when moistened or heated. 
Owing possibly to the difficulties of distributing 
fresh yeast, baking pow'dors were formerly 
widely employed in America. They are not 
used much in this country for white bread. 
'Ihey are usually classified according to the acid 
constituent, as tartrate, phosphate, or alum 
powders (r. Bakiho rowDBBs). The so-called 
self-raising flour contains baking powder already 
mixed with it. 

Airaied bread is made by injecting carbon 
dioxide into dough by meclianical moans. 'J'ho 
process was originated by Dr. Dauglish in 1859, 
and at one time enjoyed considerable popularity, 
but it has not met with universal favour on 
account of the raw' and insipid taste of the bread, 
due to the absence of the products which yeast 
firuducos during fermentation. The carbon 
dioxide iH produced separately and forced into 
water under pressure : ibis water is mixed with 
the flour in a specially constructed vessel, in 


It is the baker's object to get the iiiaxirnuni, 
iiumbiT of loaves from a sack of flour. Accord- 1 
mgly, that flour is selected which has the 
reatost power to take up and retain moi8tur(\ 
uch flours are often termed stiong. A sitekf 
(28U lbs.) of good flour yields about 90j 
quartern loaves. ' 

Vienmi bread is a term applied to rolls 
and light fancy bread baked in an atrao.sphere 
entirely charge with steam, to obtain which a' 
special ovcni construction is adojitcd. The 
starch of the flour is burst by heat mid changed 
into dextrin t>y the aid of moisture, so that a rich 
goldou-brow'ii liighly glaziul crust is obtained. 

lAavened hreod,— la Franco and elsewhere 
on the Continent, broad is made from leaven, but] 


whieii the pressure is inaiiitamod. On opening 
the vessel, the dough rises and can bo imme- 
diately bakeil. The ailvauiages claimed for the 
system are uniformity of result and llie avoidance 
of the losses in weight which occur during for- 
mcnUtion. A later development consisted in 
mixing a little woit, made from malt and flour 
and feimented till sour, with the water to bo 
ailraUnl, so as to improve the flavour. The 
process is eminently suited for the manufacture 
of whole- meal bread, os the preparation of a 
butch of dough can bo effccUKl m thirty minutes. 

Componiiwn of Bread , — The general com|)Osi- 
tion of broad is very variable. About tw'o-thirds 
of the volume is made up of gas. By weight it 
contains 40-50 p.c. of water and 6 5 p.o. of 


in the more important towns this mode of broad 
making has Ix'ou given up for the Viennese and 
English processes. The practice in the prepara- 
lion of tno leaven consisted m a sones of stages I 
(‘ievatn de chef, levuin de preraidro, lovain de 
seooude, levain do tout pointOt by which, starting 
with a piece of dough put aw'ay from a previous 
baking and adding at intorvais more and more 
flour and water, the required quantity is leavened. 
£'rom this is taken a half, which when baked yields 
a dark, sour bread ; the remamder, being again 
mixed with a quantity of flour and some yeast, 
produces a wliiter and less sour dough, a portion 
of which » baked and the residue once more 
added to afresh flour. This subdivision is re- 
peated throe times, the bread improving at each 
stage. A characteristic example of leavcnetl 
bread is sseu in the rye broad (Bohwarzbrod) of 
Qermapy. 

Next to wheat, rye is the chief bread- making 
grain throughout world, and in particular it 
is larg^ UM in Northern Europe. K}e bread 
is moister, jloaer, ad.'. ^Urker m colour than 
ordinary household taeidL There ate saveral 
qualities, differing in the proportion of bran 
oontained, the so-called * pumpemiolrel * being an 


nrotciii, the balance being mainly carbohydrate. 
Hutcliisoii gives the following moan figures for a 
I number of breads analysed by him : — 

Carbo- 

Wator l^roteln Fat hydrates Cellulose Asli 
White . . 40 0-5 1 0 61'2 0-3 10 

Wholemeal. 46 6*3 1-2 44-8 1*6 12 

On keeping, a loaf gradually loses moisture to 
the extent of 8 p.o. in 48 hours, 14 p.c. in 72 
hours (Goodfellow) or 14 p.o. in 1 week (v. Bibra). 
At the same time, the bread becomes stale, but 
this change is not attributed to loss of moisture, 
as much of the freshness is restored on heating, 
durmg which considerably more water is lost. 
It is suggested that staleness is due to a gradual 
oombination of water with the starch or gluteu 
which is readily broken up by heat ; or, alter- 
, natively, that it is due to the shrinkage of the 
fibres which form the waUs of its visible pores. 

Katz (Zeitsch. physiol. Chem. 1916) has 
shown that, whereas the softening of the bread 
crust is due to the absorption of moisture, the 
crumb will become stale even when no loss of 
aoisture takes place. 

The experiments indicate that when bread 
onimb is xept at ordinary tempermturoa and 
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loss of moifture plevcntod, the starch becomes 
harder and the ^ount of water-soluble poly- 
saccharides dimimshos, the latter being suggest^ 
as the cause of the sweeter taste of new breaii 
as compared with stale. 

The gluten appears to absorb moisture from 
the starch granules as staling proceeds, the 
latter shrinLiig, with the result that the 
granules are rca^y separable from the gluten, 
thus causing the bread to become crumbly. 

The shrinkage of the granules can be seen 
with the microscope, narrow air spaces being 
observed between ue granules and Uic gluten. 

The adulteration of bread with alum, sine, 
and copper sulphates, lime, &c., is now eiitin^ly 
a thing of the past. Those were added to 
prevent the injurious eifocts of an excess of 
diastase on the starch during panarv fermenta- 
tion when inferior flour was emufoyod. The 
cheapening of Hour and the cntioal domaiids of 
the public for a well-risen wliite loaf, as well as 
improvements in the miller's technique, have 
necessitated the use of the best flours in bread. 

Tiie question of colour, meaning briglitness 
of appearance m crumb and iTiist, is an im- 
portant one ; at the moment, the demand is for 
a wlute loaf. Colour is largely a qucHiion of 
optics ; a weak but very white flour may make 
p<K)r ilingy-luokiiig loaves, whilst ii darker, 
stronger flour will make loaves which aro better 
aerated and hence appear much whiter. 

A modern development is the artificial 
bleaclimg of flour, usually with nitrous fumes 
produced by sonic eloctncal process. Tliere is 
no proof that brca<l made witli bleached flour is 
deiotenous to health, but its use has been for- 
bidden 111 Aiiionca under the I’liro Food Laws. 
It IS u matter of controversy whctluT bleaching 
by nitrogen peroxide is due to oxidation or to 
nitratidii. Illeaching docs not change a low- 
grade flour into a higher one, and bleached flour 
should therefore bi' declared as sik h. 

The souring of bread is one of the baker's 

E roblems. It is the result of a combination of 
acterial fermentations, tlie bacteria being 
introduced by tlie >east, by the flour, or, as 
should not occur, by the use <if dirty vessels. 
The flavour of fermenU*d bread improves 
gradually os the process proceeds until a maxi- 
tnum IS reached, after which, if fernieiitatiun is 
continued, it lx*gms to dcteriurato. At this 
stage the alcoholic ferment is exhausted and 
the acid fermentation Jiiegins to prodoniinato. 
The sourness is mainly due to lactic and acetio 
acids, the odour to acetic and sr>nietimcs butyno 
acids (J. iSoc. Chem. Ind. lUlO). A cause of 
mustmess m bread has been traced to the 
presence of Rhizopus nigricans and Aspergillus 
in the flour from which t)ie bread was made. 

Extracts made from such flours when mixed 
with good flour caused mustmess or souiness 
in the resulting bread. j 

Such bread-diseases as ropiness {cf. £. J. i 
Watkins, Ropiness m Flour and Bread, J. Soc. I 
Chem. Ind. 1906, 350) are due to specific bacteria. , 
According to Kayser and Uelaval, ropiness is ; 
due to oacteria of the genus MesenUrUus, 
originating in flour. The spores form rods ; 
3-0 M long and 0’4-4)*6 p thick, sometimes 
united in pain 4nd very reeistant to obemiba^j 
and physical regents. The development on 
bread » very rapid with abuidant spore forma- 


tion. The bread becomes yellowish- brown, soft, 
and viscous and acquires an objectionable 
smell. The addition of lactic acid to fhe dough 
with from 30 to 45 minutes baking, depending 
on the weight of the loaf, prevents tlie germina- 
tion of spores. . 

In a mwlerii bakelngnse, bacU*rial disoost's 
should not occur ; they may often be traced to 
the use of unsound flour. 

HAo/c-mcal Breads. — 'I’lio majuritv of the 
jiatent bn>ads belong to ^ho * brown ' variotv* 
and contam more oi the wheat grain than the 
whito flour. In some, the finely ground bran is 
introduced, in others the germ, whilst a third 
class claim to contain tho cumplote wheat grain. 
Bran is very rich in diastatio cTixyipe, here 
termed cereoiui, and its introduction causes a 
very rapid conversion of the starch into dextrin 
and sugar. This causes the* dough to become 
soft ana clammy and to bake brown : in addition, 
it becomes very pronu U) souring. The use of 
smlium bicarbonaU^ and iiydrocliloriu acid for 
aerating wholo-moal btvad is common.* When 
tho fermcril4iiion process is used, tho hran i^not 
introduceil until tho dough stage, Wiiole-nieal 
bn'ad has a great Umdcncy to Imjcoiiio sodden : 
it has to bo hnlvt^d for a considorublo time, and 
consequently often has a thick crust, (leim 
has a very injurious ofloct on flour, owing to if^ 
diastatio character, and tho toiulonoy to become 
rancid. Every eiTort is tUoroforo made to 
remove it as comjilctoly as {lossiblo. When 
ftuhjeoU^ to the action of superhoated steam, 
tho germ is cooked, tho diastati^a pnipcrtios aro 
dcHtruyed, anil it aoquures a pleadant malt-Uko, 
nutty flavour and aroma. This proooM was 
patented by K. Smith of Maoolostield, and a 
mixture of one part of treated germ and tliroe 
parts of white flour conatitutes llovjs /lour, frqm 
which llovis broad is made. 

The relative nutritive values of white and 
whole- meal bread is a higlily controversial 
subject. It is olainiod that whole- meal bread u 
richer in protein and so more valuable, but this 
IS far from being generally true. A seoimd con- 
tention IS the larger amount of mineral matter, 
o«<peeially phosphoric acid, in tho brown broad, 
'i'liis is certainly true, but exfiorience has shown 
that tho mineral matter is not all absorbed from 
shite bread, whilst in wholo-moal bread tho 
quantity absorfiod is so much loss tliat it is 
probable the blood obtains much tho same 
amount from both (Hutchison). Whole-meal 
bread is defectively absorbotl, owing to the 
, cellulose whifih it contains preventing the gastric 
juices from gaming access to the neighbouring 
nutritive ingredients, and for the same reason 
it interferes somewhat with tho absorption of 
other foods. When the unsatisfactory nature 
of the wholo-moal bread itself and the pre- 
cautions necessary in its manufacture are taken 
into cousideratioi.; its universal use in times 
of plenty is not to be advocated. With bread 
containing added genu the case is different, tho 
bran is absent and tho food value, l}Oth as 
regards protein and phosphate, is larger than 
of white bread. ^ 

The use of flour containing the untreated 
original germ of the wheit beriy ^r bread is, 
none the less, disadvanta(;pous, since the flour 
easily becomes ramnd and the geem ensymes 
commence t? act on m gluten fromxhe moment 



068 


BREAD. 


the flour is made, causing the loaf to be ol poor 
colour and to be lese finely vesiculated and 
digeatible.* These factors more than outweigh 
the advantages of the very small additional 
amounts of protein, oil, and phosphate intro- 
duced and the slight! v sweeter flavour of germ 
bread. The germ coq^ains 10-12 p.c. of oU, 
which, it is statcMJ, can bo used for the pro- 
duction of margarmo. Under war conditions 
in Germany arrangements were made to 
collect the germ froA the mills and extract 
this oil. The residue of the germ yields a 
valuable protein food. The germ also contains 
such vitamines as are present in the wheat- 
grain. If the vitamines which are considered 
as essential^ to the maintenance of health, 
are to bo obtained from n(me of the other 
foods oaten in the dietarv, then wholemeal 
bread will have uflvious advantages over that 
made from white flour. However, m actual 
practice this is not the case. 

The desire for more phosphates can bo mot 
by the addition of phosphoric acid to the flour, I 
as iie indeed being done at tlie present moment 
during the nulling process in order to improve 
the quality of flour {rf. Humphries, Eng. Pat. 
13135 aiici 172711 of 11108; Chitty and Jago, 
Kng. i’at. 22434 of 1009 ; Levin, Eng. l^at. 
3073 of 1910). “ 

Under the stress of war conditions both 
nulling and baking practices wi're altered, and 
every effort was made to render the maximum 
lOHsible proportion of the wiicat grain available 
or human foe .1. Millers were only allowed 
to manufacture straight run flo\ir, and the 
percentage to bo oxtracteil from wheats of 
various origin was laid down in numerous 
orders under the Oefence of the Realm Act. 
Tb^ ainou^ited to 81 p.c. foi English and hard 
Manitoba wheats, and 83 p c. for Indian and 
Australian varieties. In addition, not more 
than 26 p.c. and not less than 10 p.c. flour from 
other cereals mw to be mixed with the wheaten 
flour. Broad was to bo at least 12 hours old 
before it was sold. ^ 

Auihorities. — Jago, Science and Art of 
Breadmaking, London, 191 1 ; Hutchinson, Food 
and the Principles of Dietetics, Loudon, 1911 ; 
Whmi : Brit. Ass. Report, Winmpeg, 1909 ; 
Hamill, Local Govt. Board, No. 114, 1911. 

E. E. A. 

BREAD FRUIT. The fruit of Artocarpus 
•acisa (Linn.). The ti'ee grows freely in tropical 
islands, and yields fruit continuously for 9 months 
in the year. The fruit is nearly spherical, and 
sometimes weighs 6 or 6 lbs. It is usually 
athered While yet unripe, t.f. before its starch 
as changed into sugar ; sometimes the uimpo 
fruit is peeled, wrapped in leaves and cooked 
whole, when a product resembling ordinair 
bread is obtained ; or the unripe fnut is dried, 
powdered, and silted, yielding'a flour which has 
the following composition : — 

Water Protein Fat Starch Fibre Ash 
14i3 1*0 0-2 83'8 0*2 0*4 

(Balland, J. 1903, 17, [10] 476). 

The leaves and wood ol Zrtocatjma incMO are 
devoid of \jolourmg ^matter (A. Q. Perkin, 
Chem. Soo. TranaTboO, 73, 1019). A oIomIv 
related tree ^4rfocar^ itU^felia) bean a stiU 
larger fruit, * jak fruit,* weighing about 25 lbs.. 


of which about 26 p.o. is fl^, the remainder 
being rind 66 p.c., and seed 8 p.o. The flesh, 
when ripe, contains about 6 p.c. of sugar, mainly 
cano sugar (Prinsen, Geerligs, Chem. Zeit. 1897, 
21, [72] 719). H. L 

raEAN V . Oleu-bxsins. 

BREEZES, {liratae. Ft.) The dust of coke 
or charcoal. The coke burner applies this term 
to the small residual coke obtained in coke 
burning. The sifted ashes removed from houses 
is called * breeze/ and sold under that name to 
brickmakers and others. An arrangement for 
burning breeze is described in J. Soc. Chem. Ind. 
6, 426. 

BRE^DlN, BRE)(N t;. Olbo-bksins. 

BREMEN BLUE and BREMEN GREEN. 

Pigments containing a basic copper carbonate 
with alumina and calcium carbonate. 

BREWING. Beer is made from water, 
malt, and hops. Raw, prepared grain, or sugar 
is often substituted for a portion of the malt, 
and some other vegetable bitters occasionally 
for a portion of the hops. 

Water used m brewing must bo free from 
sewage pollution, poisonous metals, or sub- 
stances which may alloc t the flavour of the 
beer, such as iron. 

The composition of the water used in mashing 
has an important ollect on the final product. 
Indeed, it may be considered that the reputation 
of the best-known browing districts was initially 
duo to their natural water supplies. The 
following table gives the amounts of the more 
important constituents of some of these waters. 
Tlio figures represent parts per 100,000 : — 


Burton Dublin London Miinirh Ptlsen 


(*aO 

20-40 

14 

2-10 

10-20 

4-10 

MgO 

5-16 

1 

1-2 

3-4 

2-4 

SO, 

40- SO 

1-4 

1-20 

2-4 

2-14 

CO, 

15 

10 

4-35 

10 

3-5 

Cl . 

Na,0 and 

4 

2 

2-10 

() 

1-4 

K,0 

6 

I 

4-20 

— 

2 

Nitrates 

2-10 

— 

— 

— 

— 


The Burton waters, by means of which are 
produced the finest pale and strong ales, are 
characterised by calcium sulphate with smaller 
quantities of carbonate, and magnesium sulphate 
and carbonate. Small quantities of chlorides 
and nitrates are usually present, even in waters 
which are free from sewage pollution. The 
amount of calcium sulphate varies considerably 
in the different wells, owing to the uneven 
distribution of the gypsum in the formations 
through which the water percolates. 

The Dublin water used in brewing the well- 
known stout has its chief constituent, calcium 
carbonate, removed by boiling before use, so 
that as used in the mash tun it is a very pure 
water. 

The London waters are used for beer and 
stout brewing, but although the beers are not 
much known outside the district, London porter 
has more than a local reputation. They are 
chiefly characterised by calcium and sodium 
carbonate; sulphates and chlorides axe also 
usually present. Some show a high amount of 
sodium boride, and are, no doubt, contaminated 
by'kea water, end if more than 100 parts NaCl 
par 100,000 are present are unsuitable for 
Drawing. • 
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The eovering^ contain the greater portion 
if the cellulose i^nd cellular matter, and a lamr ^ 
iroportion of ash than the remainder of the ' 
>om : the endosperm contains the starch and 
ome reserve proteid. , 

The siz-rowed barleys, the first two on the j 
ibove list, are sniallor than the two-rowed | 
larleys, roughly in tlie proportion of 3:4;; 
he proportion of endosperm to the remainder ; 
)f the com is smaller, and consequently they 
'ontain less starch. The chevalier barleys con- 
ain a less weight of skin (palen') than the 
;oldthorpe. 

The following table summarises the most 
rustworthy data obtained from the analyses 
if liarley. Whilst the relative amounts of the 
‘onstituonts dilTer, the same substances arc 
iresent in all ripe barleys used in malting, 
vhethcr of different varieties, or grown under 
lifferent climatic conditions. Baney may bo 
‘onsidered ns normally containing 14 p.c. of 
Tioisture. 

AVEB4GE CoMTOSmON OF DkY B\RLEY. 


Starcli .... 60-00 p.c. 

Cl urns . . . 9-10 „ 

Nitrogen compounds . 8-14 ., 

Sugar .... 2 „ 

Kat .... 2-3 

Cellulose and fibre . . 16-30 „ 

Ash .... 2i-3J „ 


The gums are hydrolysablo to glucose, 
irnbinose, and xylose (LinUet, Compt. rend 
903, 73; O’Sullivan, Chem. »Soo. Trniis. 1882, 
; Brown, Trans. Guincss Lab. 1900, 3I2)< 

Nitrogen compounds. 46 p.c. are insoluble 
n water and alcohol ; 36 p.c. insoluble in water, 
lut soluble in 76 p.c. alcohol (hordcino) ; and 
10 p.c. soluble in water (leucosin, edestin, &c.) 
OsDome, Amer. Chem. Soc. 1896, 639). 

Sugars consist chiefly of cane sugar with a 
ittlo raiBnoso and glucose (O’Sullivan, Chem. 
loc. Trans. 1886, 68). # 

Fat contains 78 p.c. neutral fat, 14 p.c, 
roe fatty acids, 4 p c. lecithin, and 0 p.c. chole.s- 
erol (Stellwaag, Zcits. f. d. ges. Brau, 1880, 
76). 

Cellulose and fibre. About one-third i.s true 
ellulose. 

Ash consists chiefly of silica and poiasHttim 
ihosphate ; probably in the barley the phos- 
ihorus is not present as phosphate (Winaisch, 
'. C. 1900, 1673). A lljjoid or diammo phospha- 
ide has been identified. Barley also contains 
iizymes, including a diastase of translocation 
rhich does not act on starch paste, but sacchari- 
ises soluble starch (Kjeldahl, C. R. Lab. Carls- 
icig, 1870, 129 ; Ford and Guthrie, J. Inst. 
Irewing, 1908, 61). 

Malting consists in the partial germination 
•f the gram, by first steeping it in water, then 
Bowing it to arow to a definite amount, and 
hen stopping tne process by drying by heat. 

The object in malting is to so modify the 
ell walls of the endosperm, and produce enzymes 
hat in the mash tun the starch may be readily 
issolved ; to do this with the least loss by 
espiration or rootlet ; without transforming 
oo much of the insoluble proteids into soluble 
ompounds; and avoiding the production A 
ndMirable decomposition compounds by moulds 


{ It is evident that the flnt essential is a 
suitable barley. Such a barley must be mature 
in the widest sense of the word. lf*it is, then 
all the grains will, under the proj^ier conditions, 
germinate evenly. It must bo uniform in 
size and in compoaitiom both ohomioally and 
morphologically. It mup be free from damaged 
corns or foreign grain. Other things being equal, 
barleys with a high nitrogen content are not 
I so satisfactory. • 

I Elaborate' schemes have been drawn up in 
; Oermany for the valuation of barley, based on 
a system of marking of jioints, but they are too 
cumbersome for ordinary jiracticc. Experience 
enables a fair judgment to bo made of the 
malting value of a aamjile. Uiilei i a barley has 
been harvested under tiie best climatic* con- 
ditions, it IS found that its uniformitv of germi- 
nation IS improved by drying; on n kifti, and this 
ift a common protdice. .Also that storage for a 
' few months after harvesting is for the same 
reason advisable. 

The malting process is eoinmevccd by 
stoojiing the gram in water. The 8too|)ing 
eistern is usually of briek 6r iron, and provided 
with a perforated bottom for drawing off the 
water. 

It IS usual to use a moderately hard water, 
such as w'oiild fArin a good domostio supply, 
but 08 Boiiio authorities advocate the adctition 
of Iimo-waU'r, it would appear that a slightly 
alkaline waU^r ih (|iiito suitable. 

Two or three days are necessary at a tem- 
perature of 19“- 13' (’*. (60' T)5'’ I'V) ; the tliicker- 
skiimcd varieties taking the longeY time. About 
60 p.c. of water is absorbed, and the grain 
becomes (jiiite soft to tlio iinger-nail. 

One of the inner coatings of the barley grain 
is scini'peniK'able, and will not allow any of 
the soluble constituents to pass from the 
interior, nor a<lniit anything but jiuro water 
from such waters as are likely to bo employed 
for Ht(‘eping (A. J. Brown, J*roc. Hoy. tSoc. 
1909, 81). A considerable amount of matter is 
extracted from the surfaec and outer skin of 
the grain, and, of course, from the interior of 
damaged corns. As numerous bacteria, &c., 
are luways adherent to the surface of the 
barley, the water soon becomes jnitrid, and it is 
therefore customary to change the steep water 
several times. 

The drawing off and renewal of the water 
aerates the steejiing barley, and this is found 
to bo beneficial. 

Too long a steeping impairs the vitality of 
the com, and ton short does not allow sufficient 
water to be absorbed to carry on the germination 
sufficiently. 

It is probable that germination commences 
during steeping, but the amount of change is small. 

After 8te<‘ping, the grain is thrown out of 
the cistern on U. the growing floors. These are 
made of cement or tiles. Chitting soon begins, 
leading to the production of rootlets, and the 
plumule begins to grow. Owing to the lyiheronce 
of the palese, the plumule grows up the side of 
the corn under those, "jid does not emerge 
until it reaches th^i distal end of the grain. The 
rootlets emeigc from tJe prozio.^1 end of the 
grain. These outward appearances of germina- 
tion are accompanj^ by profound change in the 
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II the kiln hati two floors, the drying is 
begun on the top floor and flnisbed on the 
bottom floor. • 

The malt being loaded in the kiln, the 
temperature is slowly raised so that about 66®- 
60® (150® F.) is reached in three days, when the 
temperature is further raised to 93®-94® (200® F.) 
more or less, dependent on the kind of malt 
that is being dried. 

Owin^ to the slow rise of temperature, 
germination continues during tlic earlier stages 
of drying ; but as the temperature increases 
the vitalitv of the corn is destroyed, the enzymes 
being reduced or altered. The amount of 
diastase in the dry malt is 1/3 to 1 /4 of that in 
the green malt. In the last period ompyreu* 
niatic products are produced by the caramclisa- 
lion oz the carbohydrates and proteids, and the 
well-known biscuity flavour appears. In order 
to produce this, the temperature and moisture 
must have a certain correlation. Too much 
water at a high temperature would produce a 
cooked product, and too little, not sufficient 
caramelisation. 

If the products of combustion are allowed 
to come in contact with the malt, care must bo 
taken that the fuel used is free from arsenic. 
Coal and coke nearly always contain some, so 
that that variety must be selected which does 
not contain more than 1/20 grain arsenic per 
pound. 

When tli^ malt is dry, it is removed from 
the kiln and passed through a machine which 
first detaches the rootlets Gy beaters, and then 
separates them from the malt by screens. When 
cool, the malt is stored in air-tight bins until 
required for use in the brewery. If exposed to 
dai^ air, it absorbs moisture and deteriorates. 

The rootlets or ‘ culms ’ form a valuable 
cattle food, a large part being digestible. Their 
composition is ; — 


Fat . . . .1-2 p.o. 

Proteids . . . . 24 2» „ 

Carbohydrates . . . 42-48 „ 

Cellulose and fibre . . 11 -15 „ 

Ash 6-7 


100 parts dry Chevalier barley yield on the 
average 89 parts malt ; 4 me. is lost in rootlets, 
and 7 p.c. in respiration (E. S. Beaven, J. Inst. 
Brewing, 1902, 587). 

The changes which take place when barley 
is converted into nnlt ^are complex. In a 
normally malted barley about GO-70 p.c. of the 
nitrogen compounds are in some way altered, 
and about 35-40 p.c. have passed from the 
endosperm to the embryo. Some of the nitro- 
genous compounds are removed with the rootlet, 
so that malt always contains loss than the barley 
from which it is mode. On the whole, a large 
proportion of the insoluble albuminoid of barley 
u still insoluble in the malt ; the hordein is 
partly converted into a similar body, hymn, 
and partly into soluble nitrogenous compounds 
of lower molecular weight. 

The soluble bodies are further degraded. 
About 40 p.c. of the nitrogenous bodies are 
permanently soluble on mashmg. The nitrogen 
m the non-coagulable nitrogenous matters of 
malt soluble in ebld water is distributed aS 
follows : (H. T. Brown, J. Inst. Brewig, 1907, 
413) : * 

VnT I — T. 


Ammonio nitrogen . .3*5 p.o. 

Albumose nitrogen . 20 „ 

Peptone nitrogen . .31 • 

Amide and aii^e nitrogen ^ 8*5 .. * 

Organic bases nitrogen 
(oetaine, choline) . . 4 „ 

Unaccounted for ^ . 33 „ 

100 

When mashed, the sq^ublc nitrogen sub- 
stances w ill bo increased about 50 p.o, 
Schjerning (C. R. Lab. (^arlsborg, 1910, 387) 
I states that 20 p.c. of the total nitrogen of the 
malt should bo tryptic decomposition products 
(ammonia, amino-amid), and that 5 or 0 p.o. 
of the total nitrogen amount occurs in the wort 
as albumin (Icucosin). About one-third of 
the total nitrogen of the ii^lt is soluble on 
mashing. • 

From 16 to 18 p.o. of* the starch has been 
transformed into sugars the greatest portion 
(9-15 p.c.) is found in the malt, a portmn has 
been iitilisod by the growning embryo, aAotf^or 
orlion is removed by the #ootlot, and some 
as been lost by respiration. 

Malt is always more acid than barley, and 
it has been siiggostcd that as it usually contains 
less fat than bartov,»a portion of this is due to 
saponification anil corresponding liberation of 
fatty acid. I'hc increased acidity has also 
been attributed to the work of acid-formir'* 
bacteria during the flooring and early stages of 
the drying. 

Malt contemns fata containiif|; free fatty 
acids and unsaponiliablo matter; also a 
lipoid (diaminophosphatido) (Liiers, Zeitsoh. 
ges. Brau. 1916, 97, 126). 

Malt, like barley, contains amylans or gums, 
but we know notliing of the change ^roduoid 
in those by malting. 

The cellulose and fibre are very slightly, if 
at all, affected by the malting jiroccss. 

I'here is a little less ash in malt than in 
barley, as the steep water dissolves about one- 
tenth of it; the constitucifts are, however, 
unaltered. 

One of the most important facts for the 
brewer is the proportion of the malt soluble in 
the mash tun. This includes all the water- 
soluble compounds of the malt and those trans- 
formed into soluble compounds by enzymes at 
the mashing temperature. The chief of these 
is starch, but some of the insoluble nitrogenous 
substances are also rendered soluble. 

The * extract ’ varies from 76 p.o. ^r more 
for the best two -rowed varieties, such as 
English, Hungarian, &c., to 70-73 p.o. for 
Californian and Smyrna, and is as low as 
65 p.c. for some of the very thin six-rowed 
North African varieties. 

There is probably more than one amylase, 
perhaps two; one fiouifies, and one sacchari- 
fies ; out there may be more. It is said that 
amylase may be extracted by a 50 p.o. aitaeous 
solution of glycerine or a 3 p.c. aqueous solution 
of pyridene, and that such ^tracts will retain 
their activity for yean. ^Itase is present 
^Marino and Fiorentino, Gazz. chim. ital. 1906, 

' Chiefly aspara8lne,|p little leocloe wd tyrosine 
and a trace of 
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«305; iMvw and Ling, (Jhem. Hoc. Trans. 

16). 

A |>rdt«olytic and two poptolytjc enzymes 
are present, the lorincr with an optimum tem- 
^>erature of C., and the latter 25 '-37" C., 

the first is destroyed and the others greatly 
weakened at (If 

Also pcroxirhi^to ami catalases which exist 
in barley increaso rtiiring germination and 
decrease by kilning (V'un Laer, J. Inst. Brewing, 
19(J6, 313; iSf hjerniifg, (J. 11. I..ab. Carlsbeig, 
1010 , 200 ). 

.Malt, as it leaves the kiln, is free from 
moisture, but on exposure it i^uukly absorbs 
a Hniitll [lei cent age. Care must be taken that this 
does no^ <-x^e<'d .3 4 p.c., or the malt berome.s 
slack and detenoiateM. Unknown (possibly 
proteolytic) changes take pla< e which render it 
unfit for brewing. * 

As already stated, •a portion of the malt is 
often replaced by substitutes In 1015 Bnti.sh 
brewers used 76 p e. malt, 1 p c unmuiUsl 
grain, k' p.c*. mai/e, nee, and otlu'i prepaiations, 
16 *p.e. HtJgaiH. i^m(‘ri(iiii bieweis tiscsl largo 
amounts of raw grain oi mai/e grits, (ietman 
brewers in jin* war (liiys iihcmI no malt sub- 
stitiites, but some used pint tally malted barley, 
whieh more neatly lesembled bailey than malt. 
Although no douht uniiialtcsi grain, mai/c*, rice, 
and their preparations are used on the* score 
of economy, thu same eaniiot. be said of the 
sbgar ; the u.se of this is considered to yield a 
beer that <‘lanlit‘s (jUu ker, hut the ehief reason 
IN, that a futle (swec*ter) ls*er is obtained. This 
is what the public demands. 

Mui/.(v ri<e, and their pieparutions an* used 
either as grits, eonsmting of tho broken up 
emlos{ierm free from the geim and coverings, or 
as the si^no niateiial ilaked, t r a form in 
winch the staich has In (>n paitly gelatinised 
by moist un^ and heat 

The sugars in eomition use an^ raw cane 
sugar (not raw bec't sugar, which contains 
nauseous iinpuiities), lefimsi eane sugar, invert 
sugar prepared bv inverting with weak acid 
law enne siigur amt puiif\iiig the pioduc't, and 
glueo.so jircjiared by the action of ac’id on 
staroh (*/.v.). 

Hops give to beer its well-kno\Mi flavour, and 
net ns a picNei\ati\c'. 'I’liey also fulfil other 
important fiiiietiuns in the eoiirse of brewing. 

A characteristic peeii- 
liarity of the bitterness 



variety of hojw grown. In ak experiment made 
on English hops it was found ,jthat seeded hops 
contained 15 p.c. liipuHii compared with 17 p.c. 
in the same variety seedless, but as the yield 
was much larger in tho first case, 147 lbs. 
lupuUn (ler acre were obtained m the one case 
against U2 lbs m the other. 

The brewing value of tho hop de|>ends mainly 
on the lunulin The amount vanes very greatly, 
from a lew p e. up to a.s much as 20 p.c. of 
the weight of the hop. It contains essential 
oil, wax, resins, and one or more alkaloids, 
Ac 

The essential oil forma 0'2-0*8 p.c. of the 
ho[w. It IS ea.Hily soluble in alcohol and ether, 
but only in fKM) ]>art.s of water. Its principle 
constituents are an ali[diatic hydrocarbon 
myrcfnc CioHiat bp. 166'^-liiH', and a sesqui- 
terpene humutfnc, b.p. 263 -266“, the-e form 
80-90 p.c. of tho oil. There an* also oenant Italic, 
capr\lic, ami pelargonic ethers of myrcenol 
(0|oUi tGI'I) (Cliapman, t'hein. Soc. Trans. 
1895, 783; 1903, 505; and Unbak, J. Inst. 
Brewing, 1915, 75). 

Most of the oil is volatilised wlicn hoj)s are 
boiled with the wort, but as hops are also adiknl 
to tlic finished lM‘er, tho oil from these latter 
will remain 

The resin is ‘•aid to consist of two crystallis- 
ablo slightly acid bitter substances soluble in 
petrolcuiu spirit, named the a* and 3-rosinM, and 
a resin (y-rosin) insoluble in petroleum spirit, but 
soluble m ah'ohol ami not prooipitateu by lead 
acetate. • 

All three are soluble in ethyl-ether and 
methyl alcohol 

The o-aeid m.p. 56° C., preeipitablo 

by ah oholic lead acetate, may bo oxi(liHf*d to 
valeric acid, tho $ acid not precipitated hy this 
reagent is m p !)2“- 93“ (!., on oxida- 

tion yields a \ell<»w resin ; tho 7-acid is stated 
hy some authoiities to be tH.stcle8s and valueless 
III brewing, and b\^ others to have a slight bitter 
flavour and to be capable of coagulating some 
albuminoids from worts. 

Authorities differ a.s to wliich of the first 
two are the moio valuable m brewing; tho 
fi- acid IS u.sually present m largest amount. 
Both of those are easily changed by heat or 
storage into insoluble and presumably less 
vuliiaide resins 'I'ho a- ami 8- or soft resins 
may l>e estimated m hops by e.\trm'tion with 
petroleum *>pint, whicL al’<o extracts the wax; 


of hops IN that it iM Iran- j this *may be removed by extracting with 


Hient, after the lK»er is 
swallowed the bitterness 
at once pa^ses awav. 

- i The I ipe female Aower 
H the |Mirt iiseil m brew- 
I ing. d'his coiisiNts of A 
cone of bracts (h). At 
the iase of tho bracta 
aie tho st*cda and lupuliii 
glands. Owing to tho 
absence of lualc plants 
in the C'ontineotsl gar- 
dens the hoivs are setnl- 
English and Amc- 

•» owing to the prcaeiice of 
a few male idants in the ga|d*?nti- Thert^ are good 
ix*osons for both these pr.ictiros, depigideiit on the 


Tin, 4. 


methyl other, in which the w’ax is insoluble, 
and w'eiglung the amount extracted : or titrating 
this with N/j^KOli, using pheuulphthalein and 
taking 1 c c. of normal potash as equal to 0*40 
giam resin. There ia„ considerable discrepancy 
concerning these resins in the literature of the 
subject. 

About 2 5 p.c. of tanmii is present in hops; 
whether this is of value as an albuminoid pre- 
cipitant is uncertain. Hops also contain 0 5- 
l p c. nitrogen compounds soluble in hot water 
(Chapman, Chom. Soc. Trans. I ft 1 4, 1895 and 
879). Small quantities of alkaloids are present 
in hops, and choline has been identifiod; also 
carbobydraies, fibre, ash, and moisture. An 
'<A can be extracted from vhe seeds. Hcjm 
contain diastase. 

Power^ Tutteny and Rogerson (Uhem. .Soo. 
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the residue remaining in tlic mash tun after 
cxtractioi^ is completed. This is due to the 
fact, as, nas already been described, that dia^ 
solution of the cell wall proceeds from the 
proximal to the distal end of the grain ; and 
that as even the fincstf barleys do not germinate 
ahsoluU'ly evenly, to avoid excessive loss from 
f)vergrown corns, the process must be stopped 
in many corns before its completion, so that 
tluTo must bo a number of corns containing a 
smaller or greater ' ha/d end.’ 

Jn order to reduce these ‘hard ends’ to a 
condition in which they will dissolve in the mash 
tun, they must bo finely ground. If the whole 
com were finely ground, the extraction would be 
HO slow, as %(} make the process unworkable. 
Mills have therefore been devised in which the 
roughly crushed m/ilt is separated by sieves and 
air current/^ into various portions, and the grits 
and hard ends finely g'tound and re* mixed with 
the remainder of the erushed malt Fig. 6 is a 
modern malt mill. 

'riie' grinding is UHually preceded by (n^at- 
iiien't in cl(‘aning n^'M lnnery, in which the malt 



IS brushed, beaten, exposed to a current of air, 
and sieved. Thus stones, surface dirt, straw, 
woevily (empty) corns, and otlier foreign bodies 
am removed. 

The ground malt is collected in receivers 
(malt hoppers or grist cases) until the amount 
required for the brow is complete. These 
receivers command the mash tun, the vessel in 
which the malt and water are mixed. 

Fig. 5 is a diagrammatic representation of the 
mashing side of a brewery. 

Mash tuns (Fig. 7) consist of wood or iron 
vessels fitted with false bottoms of perforated 
metal ' plates. Pipes are connected with the 
bottom of the tub for drawing off the extract 
(wort). In the ubper portion, or above 'the 
tun, are inV^ts for th^malt, hot and cold water ; 
and an underlet for hot water is usually inserted 
in the bottom of the tun. The tun is generally 
provided < ^th mixing f gear rakes *). A 
sparge*' for sprinkling hot water oU the surface 


of the mash is required, so t/^at the grains may 
be thoroughly extracted. ^ 

At the proper time, water at a pre-deter- 
mined temperature and the ground malt are 
mixed. This is done either by placing in the 
mash tun sufficient hot water and admitting 
the malt with constant stirrmg, or the malt and 
hot water are admitted together through a 
siKicial mixing machme, a ‘ steel ’ masher Being 
the one in common use (Fig. 8). The mash 
may now be treated by the ‘ infusion * or the 
‘ decoction ’ system. 

The infusion system is employed in the pro- 
duction of Bntisn beers. The mash (tcmjiera 
ture about (lf>0®F.)) is simply allowed 

to stand for a couple of hours, and the infusion 
then drawn off, the insoluble residue (brewei-s 
grains) is exhausted by sparging W'lth hot 
water. 

The decoction system is emiiloyed for the 
production of ‘ lager ’ beers. 'J’he malt is 
usually mixed witli water to give a compara- 
tively low teinperaturo mash, 38°-4h‘* (100°- 
120° F.) (sometimes cold water is used), and 
allowed to stand at this temperature for a 
couple of hours; no starch degradation takes 
place, but it js a favourable temperature for 
proteid transformations. About one-third of 
the thick mash from the bottom of the 

tun is run into a copper (raosK-cojiiicr) 
and then boiled for half an hour, after which 
it IS returned to the mash tuns ; this raises 
the temperature of the whole about 30° F. 
.\fter another intei'Nul, a further portion is 
withdrawn and boiled and returned to the 

mash tun, and this again repeated if re- 

quired. The mash is then treated as by the 
infusion system. 

Instead of being extraeted m mash tuns, 
the mash may be pumped into a filter press, 
and m this way tho wort separated from 
th(' insoluble residue, special presses have 
been designed for the puriiose. l.aiger extracts 
arc obtained, as it is possible to deal with finer 
ground malt. 

When the mixture (mash) is first made, 
there is a rise of temnerature of 2°-3° F. 
due to hydration or ausoiiition; the drier 
the malt, the more heat is evolved. Starch 
transformation causes a use of U'.‘>°F. Im- 
portant enzymic changes take place in the 
mash. The chief of these is the saccharification 
of starch. ThAe Sro also important 

proteolytic changes and other less important 
enzy mat ic ac lions, 'rheae changes are influenced 
by the temperature, fineness of grinding, amount 
of dilution, duration of the process, and com- 
position of the mashing water, &c. The 
temperature has a great influence on the 
character of the starch transformation (ae< 
Starch). Brewery mashes are usually carried 
out between 63° and 68° (140° and 100° F.), 
and about four-fifths of the starch is converted 
into maltose ; n5°-G6° (150° F.) is the optimum 
temperature for quantity. 

Proteid transformation is most active at a 
lower temperature, 46°-5fi° (113°-131° F.), but 
the action continues up to about 77° (170° F.). 
.fVom 5 to 12 p.c. of nitrog^ compounds ore 
rendered soluble at 65° (100^ F.), and if the 
decoction low temperature is employed, about 
3<-4 p.c. tidditionai, but the change is* chiefly 
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conneotiona, are beta), and it appears at tirst 
that there shouli^ be no difiioulty in keeping these 
sterile, but owing to orevioes at joints, &o., in 
practice complete sterility is impossible to attain. 

With care, a harmful amount of mfection can 
be avoided, and air sterilisatiou , although it may be 
looked on as a counsel of perfection, rendered un- 
necessary. If, however, precautions are not taken, 
the cooled wort may be very grossly infected. 

The wort runs from the I'efrigerator at a 
temperature of 15°-16® (60° F.) or thereabouts, 
according to the time of the year and kind of beer, 
into the mrmenting vessels. For lager beer, how- 
ever, the wort is cooled to 5°-7° (40°-45° F.). 

The fermentation vessels ai-e made of wood, 
metal, stone, slate, concrete, &c. Metal may 
be considered the ideal material, as its surface 
IS impervious, and it is easily steriliscMl. Thev 
are usually either cncular or rectangular with 
flat bottoms ; circular vessels have no cornera 
in which dirt can accumulate, but rectai^gular 
vessels make more use of the often limited space. 

As soon as the collection begins the woit is 
‘ pitched,' i.c. IS seeded witli a yeast derived 
from a previous brewing. The number of yeast 
cells added is very much greater than the 
number of organisms with which the wort is 
normally infected. The amount, however, must 
bo so regulated, according to the nature of the 
wort, that a considerable mcrca.so (5-10 tinicH) is 
possible. The yeast ‘ Saccharomycjca cerivisicB^' 
used by brewers, is a ‘ culture ’ yeast, that is, one 
which has been selected or possibly evolved in civi- 
lised communities as 8[)ccially suitable for brewing. 

There are two mam varieties, * high ’ or 

* top * fc* mentation yeast, and ‘ low ’ or 

* bottom ’ fermentation yeast. 

The first is used at a higlicr tem[)omtiiro 
than the second ; the brew'ery fermentations 
are consofiuontly more rapid ; the yeast rises to 
the top towards the end of the fermentation, 
whereas, under the conditions in which thu latter 
is usetl, it fulls to the bottom at tiio end of the 
fermentation. Lager beer is brewed on the low 
fermentation system ; all oilier beers and stouts 
on the high fermentation system. 

As worts usually become infected by other 
yeasts (wild yeasts) and bacteria during the 
cooling and subsequent proce.sses, the yeast 
crop ootained at the termination of fermentation 
will contain foreign organisms. As this is used 
for seeding the succeeding worts, it is easily 
possible in time f(9r ih# seed yeast to become 
seriously infected, even if the initial wort mfec- 
tion IS kept down by suitable precautions. As 
will be seen later, these foreign organisms may 
lead to serious defects in the final product. 

In order to surmount this difliculty, Hansen, 
in 1883, introduced his.jiuro yeast system into 
bottom fermentation breweries He separated 
single yeast cells from the brewery yeast, and 
from each of these grew suflicient to make a 
trial brewing. The culture giving the most 
satisfactory result was selected and used in the 
brewery. A pure pitching yeast was thus 
obtain^. This has been adopted with great 
success in lager beer brewing, but breweries 
working on the top fermentation system have 
not found the pure yeast thus prepared altogether 
satisfactory. lAuiy reasons have been gvreh 
for th^ Although there seems to be no miubt 
that in some breweries, notably Denmark 


and America, top fermentations arc carried out 
successfully with a pure yeast; yet in many 
other breweries in which it has tocii ^ied, it 
has been abandoned. It is fairly well agreed 
that the explanation of its non-success is that 
a mixture of yeast is necessary in this cose, 
although there is muchjaiversity of opinion as 
to what this mixture should be (Claussen, J. 
Inst. Brewing, 1004, 308 ; Van Laer, tbid, 1894, 
55; Siau, tbid, 1906, 118; Scliionning, 0. RJ 
I^b. Carlsberg, 1908, 138 ; Morris, 1000, 333). 
Yeast may bo freed from bacteria by treatment 
with solution of definite acidity (about 0*1 i).c. 
H^SOJ (Brown, J. Inst. Browing, 1916, 328). 

Fermentation by growing yeast cells is a 
complicated process, in wliu'ft i^umcrous 
chemical reactions take part. Although our 
knowledge of these is far from complete, yet 
many important factors lia^ been determined. 
It is considered that (Ally the hoxoso sugars 
are fermentable, the di-saccharides being first 
transformed into their constituent hoxoses by 
enzymes, cane sugar by invert as<', maltose by 
maltase. Tlio rate of ferij^cntation of glfllcoso 
and lovulose iisj, independent of the concentration, 
except in very strong or very weak solutions ; 
it is propurkonal to tlio amount of yeast. 

Tno amount ^f yeast prt^sent in the fer- 
menting wort at any time depends on many 
factors. If a small yeast seeding bo introduced 
into wort, the yeast grows unrestrictedly until 
the concentration is suflicu'iit to cause con- 
siderable chemical changf^s in the wort ; the 
yeast growth is then slowed. • 

During tlTo period of unrostriotod growth the 
number oi yeast ceils increase's logarithmally with 
the time ; that is, over c^ual intervals ox time 
(generation time) the number of cells double 
tbeniselves. Brewers’ yeast growings uiirestnct- 
edly at 20° (J. has a generation time of three 
hours. IVmpcrature has a great influence ; 
botw'ccn the limits at which yeast grows freely, 
5°C. increase causes the rate of growth to bo 
doubled. Carbon dioxide retards tho rate ; 
saturation with tliis gas ^alvos tho rate of 
growth. Alcohol over 2 p.e. retards the rate 
of growth, the amount depending on tho tem- 
perature as well os tho concentration. Air 
(oxygon) IS necessary for yeast growth. Brewery 
wort naturally contains (lissolved air, and oxygon 
combined with some wort constituent can also 
be used by tho yeast. Half-fermented wort, 
saturated with carbon dioxide and prevented 
from absorbing oxygon by a covering of this 
gas, is dcfieient yi oNygen necessary for yeast 
growth. Tim amount required is small. H. T. 
Brown estimates that 1*7 c.c. oxygen is necessary 
for the growth of 10^^ yeast cells (about 2} 
grams jiressed yeast). Yeast growth also 
dexiends on tho chemical composition of tho 
wort. There must be present a carbohydrate, 
suitable niirogen^s substances such as are pro- 
duc(>d during the germination of tho barley for 
the purposes of the growing embryo, and phos- 
phates, potassium, calcium, and magnesium salfti 
(A. J. Brown, Chem. Soc. Trans. 1005, 1395 ; 
H. T. Brown, J. Inst. Brsiving, 1909, 169 ; and 
Annab of Botany, #914, 197 ; Stem, Chem. Soc. 
Trans. 1809, 201 ; and fOOl, 943 f Sbtor, ibid, 
1906, 128 ; 1008, 217 ; Bicahem. J. 1913, 197 ; J. 
O’SuUivan, Chem. Trans. 1892,g93, and 926). 

The cbtxiges which take place du^jug the 
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fermentation of a brewery wort are briefly an 
follows : An average seeding (pitching) of 
10 m^liOn cells per cubic cent, will increase 
up to about 100 million per c.c. There is u 
period of quiescence before growth starts. It 
then process steadily, but retarding influences 
soon come into actign and continually slow 
down the rate. The chief of these w tlie effect 
of carbon dioxide and tiio gradual failure of 
the oxygen supply. There is plenty of yeast 
food presontp and ihfl amount of alcohol is not 
Huflicient to have any gn'at influeiit'e. Ha|>id 
fermentation is now taking placcp with evolution 
of largo quantities of carbon dioxide which 
prevents air getting into the fermenting solu- 
tion. u^at this stage of the fermentaiton 
that brewers who employ two fermentation 
vessels {m'f Ik*1ow) usually ‘ drop ’ or ‘ tun,’ that 
is, transf^ the fA*mcnting worts from the one 
vessel to the other. •This causi's the removal 
of some carbon dioxide, and allows some air to 
bo absorbed by the w'orts, there is a slight 
renewal of yeast growth ; but the chief amount 
of ^oost increase ^as now taken place. The 
rate of fennentotion is now mainly dependent 
on tho nuinberof yeast eells and the temi>eratuie. 

,Th« iiifluenco of tcmpiTaturo m great ; the 
follow'ing table gives the grarni* dextrose fer- 
mented i)er Heeond by I0‘* veast cells (Burton 
yeast) ; - 



5*95 

35“ (1. 

i*95 

39“(’. 

3*09 

25“ (1. 

2 98 

29“ (\ 

1*39 

15“ (\ 

9*58 


0*315 

5“('. 

0*149 


either of which was itself incapable of fermenting 
glucose, but which regained t^is property when 
reunited The filtrate containing the co- 
enzyme can be boiled without losing its activity, 
but the residue is thermolabile. Harden 
(Biochem. J. 1917, 1104) found that a mixture 
of potassium or ammonium phosphate with 
acetaldehyde or potassium pyruvate can function 
completely as the co-enzyme. Instead of yeast 
juico obtained from the living cell by pressure ; 
these reactions can be carried out by ].<ebedelf’s 
dried yeast (Ck)rapt. rend. 1911, 49), or zymin 
(Alljcri, Buchner, and Happ, Ber. ll>02, 2370). 

How far this important work lK‘ars on 
brewery fermentation it is difTicult to say. 
‘ Fermentation by living yeast is not intluenceil 
by tho addition of phosphates, and one- half of 
I the sugar is not fermented rapidly and one-half 
I slowly. It seems probable that there are inter- 
I mediate pnxlucts between the sugar, and 
alcohol, and carbon dioxide, and although much 
w<iik has lieen done, the theories so far advanced 
do not carry conviction. 

The (diief pnxlucts of alcoholic fermentation 
are alcohol and carbon dioxide, the luiiount of 
j alcohol pnxluced according to the simple 
I equation of («ay-LuHsae is 51*1 j) t*. from a 
motio-Hnechando, and 54*1 p.c. from a di 
saccharide. The sugars of malt worts consist 
of about 83 pc. maltose and 17 pc. of sugars 
pn* existent in the malt which an* mainly cane 
sugar, glucoso and fiucto-ie. H. T. Brown 
(•I. Inst. Brewing, 1914, 593) found there W'as 
' pnxluced at the commencement of tho fermenta- 
I tioii 55 p.e. of alcohol (0-1*5 p.e. alcohol) falling 
I to 52 5 1 ) 0 . (1*5-30 p.c. alcohol) and 51*5 p.c. 

! (3 p.c. alcohol onwants). 

Besides alcohol and carbon dioxide there an» 


The U mperature continuously rises owing j pnxluced hy the fermentation, glycerol, succinic 
to the heat evolved by fermentation: the heat 1 iieid (Khrlieh, Bierl. Zeiitr. MK)H, 197), and higher 
of fermentation of glucose is 22K. (BoiifTanI, alcohols (Kltilah, Ber. 1907, 1027; Ashdown 
Compt. rend. 1895, 357 ; A. J. Brown, J. Inst, and Hewitt, (’hem. Sue. Trans, 1910, 1535). 
Browing, 1901, 93), and tho bn*wer has to A considerable reduction of the nitrogen con- 

control this by suitable cooling appliances. tent of the wort takes place during fermentation. 

(llueose, frueto-e, and eane sugar are fer- This varie.s from 20 to 40 p.c. of tho total wort 
monted faster than maltose ; malt:«se is not nitrogen, according to working conditions. By 
BO abundant in the yeast as mvcrtasc. Small adding more sugar and again fermenting it is 
amounts of glucose pix'sent in half-fermcntod possible to remove nearly 50 p.c., but a further 
wort may very likely have come from the lermentation will only remove a few per cent, 
maltose ; there are also pn*sent in malt worts more (H. T. Brown, J. Inst. Brewing, 1907, 423). 
transformation products of starch of higher Tho liydrogen-ion potential increases during 

molecular w'eight than maltose, and there is fermentation from 5 to 4 (Luers, Zeits. Ces. 
some ovideneo that some of these are fermented. Brau. 1914, 79). 

Tho mechanism of alcoholio fermentation The amount of acid produced dunng fer- 
is still to bi* discuveit'd, n^hough some facts mentation is dep<Mident on tho acidity of tho 
have been determined. Buchner and his co- wort; within limits, the more alkaline tho wort 
workers ('1893-98) jirovod that an enzyme capable the more acidity is produced; thus the yeast 
of fermenting glucose could bo separated from tends to produce a certain favourable con- 
the living yeast cell by great pressure. Harden centration of acid ('.Vindisch and Koolman, 
and Young (Proc. Hoy. -ISoe. 1908, 290 ; 1909, Woch. Brau. 1914, 2^5 ; Monfgang, Brass, et 
335 ; 1910, 321) have "investigated this reaction ! Malt, 1913, 177 and 297 ; 19H, 72). 
and established tho cxiuation, if tho wort were left undisturbed in tho 

2CgH||Og-b2PO|HH| formeiitation vessel, the first cauliflower-like 

*»2CO,-f-2C|H-t)4-2HgO f C,H,o(» 4 (P 04 R,', foam which forms in a few hours, would give 
^riie hqroso phosphate may bo isolated and its place about two hours later to a laiger rocky 
salts prepare ; when liydrol^'sed by acid it and glistening foam, and this in two or three 
decomposes into phi iphufio acid and fructose ; days in turn to a veasty head. Throughout the 
it is slowly hydrolyseii by an enzyme present greater portion of the fermentation, Uie yeast, 
in yeast juuh» and the^esulting sugar fernionted. which has a higher specific gravity than the 
By filtering the joiocstbrough gelatine supported | wort, is kept in suspension by the rising bubbles 
by a poToni{ filter cell, Ha^en and Young were > of carbon dioxide, but towards the end it 
able to serrate tlie juice into U o portions, I flocculates and entangles the rising bubbles of 
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amount of foam. The fermenting wort in 
the cask i8 under the pressure of the head of 
liquor ill the feeder, and consequently so long 
as caifton dioxide is being produced in quantity. 
i foam is forced up the swan neck into the yeast 
Tou^h. This settles to some extent, and 
’umishos more head ^ liquor in the feeder, and 
»o the circulation continues. With a wort of 
airlv high gravity the whole bulk of the brewing 
srould circulate several times. When the 
ermentation nears the end, the character of 
die foam changes, owing to the rise of the yeast, 
[t becomes yeasty, and in the yeast trough 
separates, a part of the yeast settling to the 
bottom, and a part forming a thick skin on the 
surface ^ m between these two layers is a 
stratuni of fairlv bright beer. This bright l>cer 
only is allowed return through the feeder. 


where a little more settling takes place, into 
the casks, so that ultimately the casKS become 
filled with more or less bright beer, and the 
greater part of the yeast remains in the yeast 
trough. The beer is allowed another day or so 
in the cask to settle, and it is then run from the 
bottom tap by a trough into a vessel below (the 
racking vessel), the tap projecting into the cask 
sufficiently to hold back the sediment (grounds). 

The fermentation is so controlled that at 
the racking stage there always remains some 
I fermentable sugar; and as whatever mode of 
yeast removal is adopted, it is impossible to 
remove all, some remains in suspension. In 
this state the beer is racked, i.e. transferred 
from the brewery vessels to the carriage casks. 
It is convenient and usual to employ an inter- 
mediate vessel (racking vessel). This is pro* 
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vidcd witli taps, usually of spcciai design, so that 
the casks are tilled without loss due to overflow. 

Lager beer is not racked into the carriage 
casks immediaU'ly at the conclusion of the 
brewery fermentation, but kent in cold stores 
for 2-4 months in lager casks (largo vessels 
holding 1<H) -3(K)0 gallons). During storage a 
slow after- h'riucntiition takes place, and during 
the last period the carbon dioxide is allowed to 
acoumulifto uj) to a pressure of 2-4 lbs. per 
square inch. The beer clarifies, and is racked 
into casks or bottles for immediate consumption. 
Stout is also often stored in vats between the end 
of the brewery fermentation and racking stage. 

Several additions are com nonly made to the 
beer when racked direct from the b-^wery vessels. 
Hops are usually added, from 2 oz. per barrel 
cip to 1 lb, per barrel for strung or stxick ales. 
Hops 01 fine flavour are chosen for this purpose, 
as the hop oil whiej' is lost when boiled in the 
copper is hero retained ard adds to the beer 
aroma. Praservativet mbstanoes of the hop dis- 
solve in the beer, ai^ the bracts, &o., mechani- 
cally assist clarification. Hops contain diastase, 
which, aotiitg on some carbohydrate^onstituents 


of tile beer, may produce ferineiitable sugar, 
and thus give life or * condition ’ to the bieer 
(Brown and Morris, J. Inst. Brewing, 1803, 94). 

Sugar solutions are often added at racking, 
or shortly afterwards. This makes * condition ' 
certain. 

An antiseptic, usually a sulphite, is com- 
monly added, lieer naturally contains some 
SOg, this IS introduced during the kilning of 
the malt and drying of the hops ; as much as 
26 milligrams per litre have been found, but most 
beers contain only a few milligrams per litre 
(Bonn, Ann. des Falsifications, 1909, 44) ; it is 
also an ancient custom to sterilise the interior 
of the vessels wdth sulphur dioxide. When 
sulphurous acid (or sulphites) is added to beer, 
a portion is soon oxidised, the remainder com- 
bines with the sugars or other aldehydic or 
ketonio oompounds, and in this state is much 
less toxic than the free acid. Wiley (U.S.A. 
Dept, of Agriculture, 1907) and Kerp (Arb. aus 
der Kaisemche Gesundheitsampte, 1904, 21, 
156-284 ; 1907, 26, 231) have inade exhaustive 
investigations on its toxio action. The moderate 
use of this antiseptic is generally permitted. 
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The Beer Materials Committee. 1899, reported 
that it would be unwise to prohibit preservatives 
in beer. An Ihtemational Foc^ Congress, 
Paris, 1909, recommended that it be allow^ up 
to 85 milligrams mr litre. Such an amount has 
but a alight retarding effect on yeast growth and 
fermentation, and less is sufficient to prevent tiie 
growth of some common beer bacteria, such 
as mccharobacMus Pastorianus, which in the 
absence of sulphite may do much damage. 

An important by-product of the fermentation 
18 the yeast or barm ; not so long ago this was 
a waste product difficult to get rid of, and onlv 
used as a manure. Now it is a valuable food, 
and otherwise useful. 

'Phe barm, as separated from the beer, is a 
thick creamy mass, and is usually pressed in a 
liiti'r press, the bright beer being returned to 
tliG brewery vessels. The filter cake is a cream- 
coloured powdery moss contaming about 7o 
j).c. water. If allowed to stand, it autolysea 
and liquefies in a few days by the action of the 
digestive enzymes it contains ; the most 
satisfactory way to preserve it, is to dry it on 
stcani-hoated rollers. The pressed yeast is 
heated, when it liquefies, ami then flows in a 
thin film on to the hot nivolv ing roller, a current 
of hot air drives away the st<*am, and m about 
threc-fourth.s i^‘\oIiitiun the film is dry and is 
scraped off by a fixed knife. Such dried yeast 
is an excellent food for cattle, but possesses a 
rather bitter flavour ; this may bo to some 
extent removed by washing the pressed yeast 
before drying with ammonium or sodium 
earbonafo. It oonttiins o-lO p.o. waUu*, 50-00 
p.c. albumenoids, 20-35 p.c. carbohydrates, up 
to 4 p.c. fat, and about 10 p.c. ash, of which 
about one-half is phosphoric acid. By some 
refinements in the preparation a product is 
obtained resembling meat extract, and largely 
usf;d in the jircparation of dried soujis (Petit, 
Brass, ot Mult, 1017, 257). It has been shown 
to contain water soluble accessory growth-j>ro- 
moting substance ; this is not pi'cscnt in meat 
extracts (Drummond, Biochcm. J. 1917, 255). 

From brewers’ yeast is prepared nucleic 
acid (Clarke an<l Schryvor, Biochcm. J. 1917, 
319) ; this, on h^^lrolysis, yields phosiihoiic acid, 
adenine, guanine, uracil, cytosine, ami if-nbosc. 
Yeast nucleic acid or its sodium salt is injected 
subcutaneously with the object of increasing 
the numl)er of leucocytes. Silver preparations 
(iiucleosil and iiarg >1) ars used in inflammatory 
diseases, andiron salts (for sscolic and iiucleogcn) 
in cases of anaemia, 'riiyminic acid (solurol) is 
also prepared from yeast and used for rheuma- 
tism ami gout. 

Brewers' yeast has been used from time 
immemorial for bread -ipaking. Within recent 
years its use has been largely supplantcii by 
‘ bakers’ yeast,’ a different variety of Sacchn- 
romyces, which works at a higher temperature 
and does not undergo autolysis so ouicldy. 
This yeast, although not suitable for orew'ers 
use, is employed by distillers. Brewery yeast is, 
however, improved for bakers’ use by passing 
through a fermentation in a not-hoppra (dis- 
tillers)’ wort (Baker, J. Soc. Chem. Ind. 1917, 
836). Yeast contains glycogen, as much as 
40 p. 0 . has been found ; when us^ in fermenta-' 
iion estimations j^east must be freed from 
glycogen by exposing it in thin layers to ^he 
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air, otherwise there will be a considerable 
correction to be applied for the auto-fermenta- 
tion of the glycogen (Henneberg, W.*f. Brau. 
1902, 781 ; and Zeit. Spiritusind, 1916, 242). 
It may bo easily prepared from yeast (Harden 
and Young, Chem. Soc. Trans. 1912, 1928), and 
at the same time aiiotfor carbohydrate, the 
>ea8t gum of Salkowski (Bor. 1904, 497 and 925) 
IS obtained. This latter yields mannose on hv- 
drolysis. Yeast contains about 2 p.c. leeithino {au < 
jiainiitoncholiiie-lecithiiie)* Yeast has a strong 
redueiiig power, it reduces sulphur and also sul- 
phites under certain conditions to sulphuretted 
hydrogen, and under starvation conditions can 
oven reduce sulphates (SU^rn, Chem. Soc. Trans. 
1809, 201 ; and J. Inst. Bi'ewing, 1800, 399). 

The b^r racked into the carriage 'casks is 
‘ shivod down.’ The rt^sidual sugar and yeast 
react, and the carbon dioxide jfk'oduced by fermen- 
tation super-haturaU's the beer, and* it is now 
ready for sale. If left imdiHturbod for a few 
w'oeka the bi^cr will normally fall bright. This 
IS not quick enough for ordinary jmrposiis, so it 
is usual to add “lining.’ Fining is propared 
from isinglass, the swimming bltuidor ox various 
fishes, i.v. Aerpenser (sturgeon) giving Beluga 
leaf, iSibcrian jmrsis and other Russian isin- 
glass ; Folvmuiudio giving Bombay, Fast 
Iiidiun, and IVnaTig isinglass ; SduriuiD (cut- 
fishes) giving Brazil lump ; and some well- 
known food fishes as cod, whiting, haddock, 
and hake giving inferior kinds of isingiass 
(Bridge, 3. Inst. Brewing, 1005, 508). Hole 
skill is also used. To prejiaie lining, isinglass 
is soaked m water acidified with uceiie, fartaiic, 
or sulphurous acid, or a mixture of these $ it 
swells up, and more waWi is addend fn>m time 
to tune, until the isinglass is tlioroughly ‘out’ 
and a viseous liquid is obtained, Ijj'uin wlue.h 
the undissolved skin is removed by wire sioveH. 
About 3 lbs. of iMiiglusH makes a barrel of lining. 
From 1 pint to 1 quart added to a barrel causes 
a coagulation in which both fining and the 
suspended matter of the beer take part and 
which Hcx>n settles out, hawing the beer bright. 
If the cask is vi‘ntc(l anu carbon dioxide is 
coming off freely, the coagulum is entangled by 
the rising bubbles of gas and ex]>ollcd tlirough 
the vent hole. Fining will not remove actively 
fermenting yeast or bacteria. It is known that 
beer colloids carry un electric charge and move to 
the cathode (Kinslanderand Freundliuh, Zcitsch. 
physikal. Ohem. 1004, 317), and a sirntilo ex- 
planation <if the action c)f fining appears to be 
that the fining colloid carries an opposite charge, 
and hence, when mixed, the two coagulate. 

Isinglass dissolves in hot water, ahd a solu- 
tion of gelatine is obtained, which however has 
fto fining action on beer. 

The cask of bright beer is now ready fur 
consumption, ('ask beer kept * on tap ’ more 
than a few days Betcriorates owing to the loss 
of carbon dioxide and aeration. Bottled beer is 
free from this risk of deterioration and has 
a<ivantage8 of convenience ; hence an iqpreasinf 
demand has arisen fo^ it. 

If bright beer bo bottlad» corked, and placed 
on one wl4 for a law weeks, it will usually be 
found that a growth of breast hae' taken place 
with fermentation and esnsequent production 
of condition in tty beer. The yeast easily 
settles outisand there is usually auK> a^posit 



684 xjRBWlNG. 

of glutin bodies. This yeast will, as a rule, not ture of (130*^-140^ F.), and is often so 

be the yeast which has produced the brewery treated for home consomptior. aa it does not keep 
fermentation, and which nas also produced the more than 3-8 weeks at ordinary temperatures. 

* condition ’ which follows immediately on The chief beer brewing countries are* the 
racking, but a wild (secondary) yeast possessing United Kingdom, the United States of America, 
quite different pmperties, and which has Germany, Austria, Belgium, and . Denmark, 
fortuitously obtained access to the beer. The In each country the methods, and consequently 
matter ferrnenU'd corresponds with the com- the products, differ. The United Kmgdoin 
prwition of a mixture ot dextrin and maltose brewers employ mainly the h^h fermentation 
(Monis, «f. Inst. Brewing, 1805, 125). This system, although a little lager is also ])rodiiecd. 
fermentation wouldf of course, also take place 'I'he b^rs are mild, bitter, and stout (porter), 
if the bcH^r had remained in cask, and the beer The mild ale differs from the bitter in being 
would have k'coine turbid from the growth of brewed with less hop, 1 lb. against 2 lb. jier 
the wild yeast ; but whim growth and fermentation barrel for a wort of sp.gr. 1050, and with a higher 
were ronipicted, the yeast would have settled ciriod malt giving a sweeter and darker be 'r. 
out, luivii^ the beer again bright, but with an Stouts and porters are pre()ared with an 
altertm flavour. Only beers brewed with good intermediate quantity of hops and roasted malt 
inaUtrial and a sufficiency of hop remain stable to give the blai'k colour and flavour, 
for the length of finic necessary for the secondary Pale ale is a bitter beer prepared from a wort 
fernientation anil subA’qiii'ntclaniieation; inferior of sp.gr. 1060 and about 3 lbs. hops jier barrel, 
and lightly lioppcii beers fall a prey to bacteria. Stiong and export ales are highly hopped, the 
The best brands of bottled ale thus pro- wort for the former is usually of a sp.gr. 1 100, 
duec^ possess a character and piquancy which but occasionally beer from worts sp.gr. 1125 
IS* definite and qiueh in ilcinand. Owing to has been brewed. 

the difficulty of always ensuring the correct The average original gravity was 1052 in 
amount of fernientahle matter and socondar^' 1914, since then, H|>etual war restriciioiis have 
yeasts, and the jiriqiaiation of a beer of sufficient reduced tins to 1030 (1918). 
stahility, other methods ^>f preparing bottled The average amount of hop ]>er barrel used 
ale have been devisiMl. in 19 1.5 was I| lbs. 

'I’he most successful is to rack the lH‘er into 'I’he Ix^er duty is levied on the sjx^eific gravity 
strong casks or luetid tanks and add sufficient of the worts. 

sugar, w'hieh, when fermenfod, will produce a German and Austrian brewers employ almost 
uonMiiiernblo pressure of carbon dioxide. This exeliisively the low fcTniontation sysUmi. Dark 
having tukeiiqdaee, the casks eonjaining the beer beers are brewed from well-grown high dried malts, 
under pn‘Hsun* arc olnied in a cold store (if the and light liecr from less grown low dried malts, 
beer has bei'ii l onintioncd in tank, the beer is In pre-war days very little malt substitute 
fori'cd by air pri*si,uni into a siinilar tank in was used m Germany. Berlin white liocr is 
cold stoic) and keiit at a teiiqierature of 2^ brcw'cd from wheat and barley malt. The 
(JJP P-) /or a week or more. 'I’hc biHT, when gravity of (merman beers did not materially 
oouled,sliould still be super-saturated with carbon differ from those of the beers of this country', 
dioxide. The cooling causes a iireeijutation, although the average gravity is lower owmg to 
and ill time the beer would fall bright. This the non -product ion of strong ales. 'I’he average 
would, however, take so long that it is uhiihI to gravity of Austrian hwra is a little more than 
filter the beer throiigli eelbilose (uilp iiiudo u^i that of German beers. The war has caused a 
in a filler press.^ 'Flic heer issues from this considerable reduction, lieiTs lieing now brewed 
brilliant, and fiasw's to the bottle-filling niachmc ; of an original gravity of 1012-1036. 'J' he beer 

111 this the pressure is mamtniiied mi that no duty is levied on the material, 
carbon dioxide is evolved, which would cause United Mtates brew'crs employed both high 
foaming, and render the regular filling of the and low fermentation systems, that is, brewed 
bottles iiiipossihle, 'Fhe full bffttlea are removed * ale ’ and * beer,’ as the products of these two 
from tho machine and quickly corked. The systems were there called, 'riie tendency was, 
beer is rtuidy for immediate eonsuniption, and however, for beer (lager) to, be the chief piquet, 
when raised to room teniiH^rature pours outw'ith Rice and maize preparations were used extensively 
considerable sparkle, and in this w'ay resrunbles as malt substitutes, and tho malt was prepared 
what may bo termed naturally conditioned beer, from a barley of higher nitrogen content than 
It has tim advantage of being ffeo from sediment, tho £!uro|)oan brewers w'ould care to use. The 
but as tne beer is not sterile, this only continues duty was levied on the beer produced, 
for a few weeks, after which a sediment forms. ifolgium brewed chiefly top- fermentation 
A considerable loss of colloids takes place beer, but imported considerable quantities of 
durii^ chilling and filtermg, and this renders tho all varieties from the United Kingdom and 
beer inferior in flavour to beer not thus treat<c<l. Germany. Lambic, Faro, and Mara are spon- 
It is not usual to pasteufiw beer brewed in taneoualy fermented beers prepared from wneat 
this country ; it keeps sufficif'iitly well for and barley malt, and may take as long as three 
ordinary use, which varici from a few vroeks to years to prepare. They have a high acidity, 
a few «'nonth8 ; strong ale, which is often kept Lambic is prepared from a wort sp.gr. 10^, 
for a year or more, keeps quite w'ell for this Mars 1050^, ana Faro a mixture of the other two. 
time owing to its hCgh alcohol content and bop In France beer is chiefly brewed in the 
rate ; and export lUe will remain stablo for northeun part and mostly by top-fermentation, 
yean, being brewed Hrom fine malt and large Holland brews chiefly t^fermentation beer 
proportion of hops.* With lager beer, however, of rather poor quality, bat the brewing of lagei 
the oontraay ia the ease ; reauired for export is incxeasinff. 

this iqust be pasteurised, usuaUy Ut a tempera* • IfonmtK has a highly developed brewing 
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industry. Both to^ and bottom fermentation 
beers of average mvity are produced. The 
duty is levied on the beer, but that containing 
leas than 2*25 p.c. alcohol is duty free. 

Sweden produces half its bwr from a wort 


au.gr. leas than 1024, and this ia free from duty ; 
the other half being low fermentation beer of the 
usual lager ty^ • 

The following table gives the average per* 
centage composition of the chief types of beers : — 


1 

OrlBiua) 

wort 

Unfer- 

nicutod 

leslduo 

.Moidiul 

Palo ale . . ' 

15*4 

5*3 

5*3 

Strong ale . 

24*2 

11*2 

6 9 

Rxtra stout 

180 

7*2 

6*7 

.Mild ale . 

no 

5*6 

4*5 

•» • • 

110 

4*4 

3*5 

Light bitter ale . 
.Munich lager 

no 

3*7 

3*9 

(dark) 

12*.')- 160 

6*6-7 2 

30-4*1 

Vienna lager . | 

1 10- 14 

4*6 0*6 

2*9 419 

Pilsener . . 1 

Amene.an beers ! 

1 11-12 

1 

4 6-60 

3*3-37 

(lager) all malt, j 
American beers, j 
40 p.c. com. 

12-U 

1 6-8 

1 

3-4 

M) p.c. malt . 

11*1-120 

6 '.7 6*.> 

.3*1-3 3 ' 

American ales . 

16 7 

6*2 

6 6 , 

Berlin white beer 

1 

9-12 

4-6*6 

0 9 3 6 1 
(av. 2*76)' 

1 


\cidUy as 
lactic 
acid 

\*<li 

1 • 

1 NlfnigPii 1 

1 

1 Pheayhoilc 

01 

0 36 

0 OS* 0*()J) 

006-0*06 

0*3 j 

0 6.7 

0 12 

010 

o 

6 

1 0*33 

0*11 0*14 

0*15 

009 1 

1 0 3 

0 08 

0*(hi 

009 1 

1 0*3 

0011 

, 0*038 

008 ! 

! 0*22 

1 

0014 

0*(.d0 

0*1 

, 0*17 0 27 

0 08 0*4 1 

00(55 0*102 

0-16 

_ 


0*1 

0 IS6 

(To62 

0*0.77 

0I-0-2 

0*20 0*36 

008-0-16 

0*07-013 



• 

* • 

01-0*2 

0*165 -O^IO 

006-008 

0 05.7 0064 

02 

— 

0073 

0 0(51 

0*4 

0*14 

0*046 

0 0'!U 

1 

• 




Arutb/Hts of Hrr icing Materials and Hrers,-- 
WcUfr w analysed by metliods in common use. 

Malt analysis is largely empirical. Oflicial 
methods have been laid down by the Institute of 
Brewing (.fournal, HM)6, 1 ; and 1910, 629), b> 
(Vintinontat Brewing stations (.1. Inst. Browing, 
1903, 694 ; Zeitseh. ges. Brauw. 1914, 372 and 
384). The det4*rininationH u.s(iaily made are 
Moisture , — As malt oxidises and otherwise 


decomposes mIich heated, a doliiiito time and 
temperature is proscribed for drying. 

Extract obtained on mashing. As (his also 
varies with the conditions, the ofTicial method 
must bo used to obtain comparable roaulta. 
It is customary to exjiroHs the result of extract 
determination os the B|iecilic gravity wliieh would 
1)6 obtained if 1 quarter (330 lbs.) of malt yiehied 
one barrel (30 gallons) wort. The specific 
gravity is expressed in * brewers pounds.’ 
This method of expressing the specifio gravity 
is arrived at by taking the weight of one barrel 
water (300 lbs.) as unity, and the * fiounds ’ 
gravity is the figure obtained by deducting 
360 from the siieciHc gravity thus expressed. 
That is, 1 lb. gravity==2J= 1*0028 ; or 3*60 lbs, 
gravity =^^=1*010. Degrees of specific 
gravitv (t.^. the excess over 1000) can bo con- 
verted into ‘ brewers peunds ’ by multiplying 
by 0*36. Continental brewers cxpi'ess the 
extract as percent^e. To obtain the quantity 
of matter in solution from the specific gravity, 
the sacoharometer of Balling is largely used ; 
this is mdoated according to the following 
empirical scale : — 


Degrees BaUlng=8p. gr. Degrees BalUagsrBp. gr. 
1 11K>10 6 1*0240 


2 1*0080 

3 1*0120 

4 1*0160 

5 1*0200 


7 1*0381 

8 1*032? 

9 1*0363 

10 . 1*0404 


Jlegrcc'H Balllng=::Sp gr. DogrecH IUUIiiig«iSp, gr 


11 

l*0M6 

15 

10614 

12 

1*0 488 

16 

10667 

13 

JO630 

J7 1 

10700 

14 

10572 

18 

J0744 


M’lio dogn‘eH Bullmg arc supposed to indicate 
purcentugos of cane sugar ;* they certainly do 
not correspond with the percentage of iiiatt.f‘r 
dissolved in malt woiIh. The tables of Scliul r- 
Ostermann (Z(‘it. f. d. ges. Brauw. 1878, 248; 
1883, 10) are also used extensively and give 
percciilagos, and grams jior 100 c.c., for malt 
worts. A Bt»t of tables drawn up by J^lion 
(ZoitMch. angew. Chein. J8fK), 291 and 321) can 
lay greater claim to acciirac/, and also givo an 
approximation to the percentage solids in boor 
residueH. According to this table, if the excess 
Hiiecilic gravity over 1900 bo divided by the 
following factors, the result expresses the grams 
oer UK) c.e. at 16* 0, For 26 grams per 100 e.c. 
factor IS 3*t)7 ; (or 20 grams 3*98 ; for 16 grams 
3*99 ; for 10 grams 4*00 ; for 6 grams 4*01 ; 
for J gram 4*018, 

A simple calculation will show that the 
figures expressing brewers pounds extract, per 
quarter, per barrel, divided oy one of ^ho above 
factors multiplied by 0*336, will give percentage 
extract. The factor may usually be taken as 4, 
so that a malt yielding 90 lbs. extract, contains 

90 

4 / 0^336*“^’^ ™**'^**‘ “^^lublo on mashing. 

i'vlour of the wort or bc<*r is determined by 
l.iOvibond’s tintometer. (Jontinontal analysts 
employ decinormal iodine solution os the, 
standard for comparison. • 

M fitter soluble in cold water is determined; 
this is considered to givo in indication of the 
manner in which tne geTuination was carried 
out. 

DiasUUic activitv, measured by lintner’s 
method or the mo&cation laid diwn bv tlio 
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Imtitute of Brewing Committee, la a uaefui 
indication of the kilning. 

Niirajen ia conveniently determined by the 
Kjcidahl process. 

A«h . — ^The determination of ash by burning 
in a mufHo usually ffives low results, owing 
to the loss of acid itMicalH, as in sulphates or 
chlorides. Suitable p^'cautions must l>e taken 
to prevent this. 

//o/w.— 'riio chemical examinutioii of hops 
has already been refo' red to. 

Mall HufjMtUlitrM, such as maize, rice, and 
their ]>reparations, and sugars arc in gi^neral 
analystjd by methotls in common use. The 
extract of starchy material is detiirrnined by 
the additior of a suflicient quantity of malt to 
converif the starch, and on the same linos as that 
of malt. Till* eKtract yielded by the sugars is 
usually cxpn‘Hsed as * pounds ’ extract per 
2 cwt. per*barrel. # 

Worts and beer residues are examined for 
matter fonneiituble by yeast, tlie optical Hcti\ ity, 
and eupric icdiicing power determined ; and 
theve ' aetc^rminations may tx) interpieted m 
quantities of dextihi, maltose, ami other mutter 
with some ujiproach to probability (Morns, J. 
Inst, Browing, 1805, 120). 

lietr. — 'I’ho most important determinations 
are thos<j of the alcohol urul the unferniented 
losidue, from whi<*h can bo d«*duced tlio original 
gravity of the worts before fennenlution. This 
am.iysis is tieati'd of in gieat detail m the 
Uoport on Original (Jravities hy 'Phorjie and 
Brown (.). Inst Browing, 1014, bOD), and op this 
IS based the ottieial table used for revenue 


purjiuKCH, and which w given here : — 

CtiTCHpoiidiiig dpgroos 

Spirit Indications 

of gravity lost 

t . 

. 4-25 

2 . . 

. 8 oO 

:i . 

12-90 

4 

1730 

0 

21 -So 

fl . 

. 2(1 It) 

7 . 

3100 

8 . 

. . .3r»*(>r» 

9 . 

10 30 

10 . 

irioo 

11 

19-85 

12 . 

,*»4-85 

13 . 

59-95 


A measured quantity of the beer (usually 100 
o.c.) 18 taken, lilteix'd, and washed into a dis- 
tilling ilask ; a condenser is cunneete<l and 
the beer distilled to about four-lifths of its 
volume. The dislillute and residue are each 
made up to tlie original volume and (he specific 
gravities taken, usually with a lOOO-grain 
Btieeilic-gravity bottle. The table gives the 
degrees of oiiginal specitio gravity equivalent 
to the specilic gravity of tl.o distillate. The 
Ainomit of alcohol contained in the distillate 
is found from published tables, of which an 
‘ xoelleqt one ap|>ears in the report above 
mentioned, and is also published separately. 

The oarbohydny^es, nitrogen, ash, and 
ooloorof beer are estimated ;'n the same manner 
as indioated .bove fori ualt worts- 

Preserixilitrs, — Methods for the estimation 
of preservatives in beer are given in Bulletin 6.5 
of ihe Ihiitdd States Dept, of AgricvUure, 1901, 


and circular 33 of the same, March, 1907. The 
most common is sulphurous scid ; it,cannot be 
estimated by direct titration with iodine, as the 
sulphurous acid is in a fairly stable state of 
combination ; but an approximate titration 
may be made by hrst decomposing with alkali, 
then acid thing and titrating (Ripper, J. pr. 
f'hcni. (2)," 46, 428). The most satisfactory 
method is to ireidify W’ith phosphoric acid, distil 
m a current of carbon dioxide, and receive the 
distillate in a solution of iodine, the sulphuric 
acid formed is weighed as barium sulphate. 

Salicylic acid may bo detected by extracting 
a concentrated and acidified beer residue witli 
a mixture of petroleum spirit and ether. The 
ethereal solution is drawn off, and evaporated. 
The residue dissolved in water gives the well- 
known violet colour with dilute ferric chloride 
if salic^dic acid is present. If saccharin is 
present, this would be extracted at the same 
tunc, and recognised by its intense sweetness. 
Bori(5 acid, fluoiides, benzoic acid are occasionally 
added. Complete details of beer analytical 
methods will bo found in W. Windisch, J^os. 
(3iem. Jjab. des Bruners, Berlin, 1907. 

Chnrncteritttcs and J)rfi(ts of Jieer. — Beer 
should have a pleasant flavour and aroma, l>e 
super-saturated with carbon dioxide, and when 
loured into a glass bo bright with a persistent 
oamy head. Beer defects caused by the 
absc*nco of these characteristics may be due to 
chemical or liiologieal causes, or a combination 
of both. IW'teria are often a cause of defective 
beer, slight changes in acidity have a marked 
effect on the susceptibility of the beer, slight 
increases m acidity making it more, and slight 
increases m alkalinity less, stable. 

Aerobic forms such as the ordinary nee tic 
acid bacteria do not grow in beer charged with 
1 ‘nrbon dioxide. One of the mtist common 
causes of spoilt beer is Sainmi {Pediococcus 
ctrevisias), this causes turbidity and acidity. 
Another bacteria causing a silky appearance 
and production of acidity is sftrcharobttciUus 
PaMorianus, Ropiness is another defect caused 
by bacteria ; there are several bacteria which 
can cause this, usually not much acidity is 
produced, nor is the beer necessarily turbid. 
The composition of the substance which gives 
the viscosity is (A. J. Browm, Chem. 

Soc. Trans. J 880, 432 ; Lafar, Technical Myco- 
h>gy» transl. by C. T. C. Balter, London, 1898, 
1910). 

Wild yeast or torula growing in beer will 
usually produce turbidity, and sometimes 
unpleasant flavour and smell. Thi^, however, 
IS by no means alw'ays the case, and if bacteria 
do not obtain access to the beer, when the yeast 
growth 18 completed, it settles out and leaves 
the beer bright with an altered, but possibly 
improved, flavour. 

An unpleasant bitter flavour is produced 
by the culture yeast if the greater portion be 
not promptly removed at the termination of the 
primary fermentation. This is duo to the cell 
contents passing into the beer. 

If beer be infected with bacteria and wild 
3 'ea 8 ta, it does not always happen that these 
organisms grow and spoil the beer. Much work 
«ias been done to determine the conditions 
which influence this. H. T. Brown (J. Inst. 
Brewing, rdO, 344;, in a review of our present 



BROMEIOON. 


087 


knowledge, concludfiB that the composition of 
the beer has no influence on ita liability to wild 
y^t growth ; buf that allowing for the bacteri- 
cidal mflnencc of hops, there is some relation 
between the total nitrogen content and its 
liability to bacterial disease. It is disappointing 
that the lalgo amount of accumulated knowhnlge 
has not been of more assistance to the brewer 
in avoiding these treublcs. We are led back 
to the work of Pasteur and his foUcnicrs, to the 

E re-eminent importance of mycology to the 
rewer. 

Peer turbidity is often caused by the so- 
called gluten bodies referred to above. s(‘parating 
out in such a minute form as not to settle. 
This is often the case with pasteurisecl beer. 
Wallcrstein (U.S. Pat. 995820) suggests the 
addition of a proteolytic enzyme to degrade 
these bodies, and this has been found efficacious 
in some easels. This form of turbidity is closely 
connected nith the clieiniatry of the colloids of 
beer. These bodies play an important part in 
the production of flavour and foam n.'t4‘ntion. 
They may be jioiBonotis to yeast and also alTect 
the stability of bc<*r towaras bacteria. Jattle 
is known of their properties, but a statement of 
the pre.sent stage of our kno^% ledge will lixs found 
in the Report on Colloid Chemistry, Pnt, Assoe. 
1917. A. L. S. 

BRIDELIA BARK or ASDUANA. The bark 
of Brtdelia montaTia is a useful Indian astringent 
(Dvmock, Pharm. J. [3] 7, 309). 

BRILLIANT ARCHIL, -AZURINE, -BLACKS 

V. AZO- GOLOUBINQ MATT1B8. 

BRILLIANT CONGO, -CROCEYN, -DOUBLE 
SCARLET, -OERANINE v. Azo- coloubiko 

MATTZB8. 

BRILLIANT COTTON BLUE u. i BiPHiirTL- 

MBTHABB COLOUBINO MATTEBS. 

BRILLIANT GREEN v. TBiPUBBYLMBTHAirB 

OOLOUBIEO MATTSB8. 

BRILLIANT ORANGE, -PONCEAU, -PUR- 
PURINE, -SCARLET V. Azo - coloubinq 

MATTBBS. 

BRILLIANT YELLOW tr. Azo- ooloubino 

MATTlBa. 

BRIMSTONE v. Sulphitb. 

BRINDONIA INDICA v. Gaboieu utdica. 
BRIQUETTES v. Fuel ; also Pitch. 
BRITANNIA METAL. Is an alloy of vari- 
able compositfon, usually containing only tin 
and antimony, although brass and bismuth are 
sometimes added. * * 

An alloy consisting of 9 parts of tin and 1 
part of antimony is attacked slightly by solu- 
tions of common salt, potassium, animoimiin, 
and magnesium chlorides, potassium sulphate, 
potassium nitrate, and sodium carbonate. 
Caustic soda has a more iuarkod action (Dingl. 
poly. J. 221, 259). 

This alloy is used in the manufacture of 
teapots, spoons, and dish-covers. 

Articles made from it may bo coloured bv 
heating them for 15 to :{0 minutes in a bath 
made by mixing 2 lbs. of water, 1^ oz. of cream 
of tartar, ^ oz. of tartar emetic, 2 oz. of hydro- 
chloric acid, i ib. of pulverised zinc, and 1 oz. of 
powdered antimony. This gives them a brilliant 
lustre. ^ 

By heating iif a bath composed of 1 part 
tartar emetic, 1 part cream of tartar, 3-4 of 
hydrochloric acid, and 3-4 of ground %ntimong, 


the following tints may be obtained : golden, 
copper-red, violet, and blue-grey • 

A mctallio ring can be given to artioNs made 
of Britannia metal by heating them in A\ oil- 
bath to 220^ and then oauticusly raising 
the temperature to below 3® above the fusing 
point of the alloy. Small jtrtiolea must, be kept 
at this temperature for from 15 to iiiinutea, 
largo articles for one hour ; the hath is then 
allowed to cool. The rapidity of the oouluig 
seems to have no ii])pn>cishie clTeot (1). Ind. Ztg. 
1857, 597) (e. Antimony). 

BRITISH GUM e. Dkxtuxn. 

BROOHANTITE. A liydrated basic copper 
sulnhate, CuSO^ ;U’u(Oll)|, forming hright-gretMi 
ortnorliomhic (‘rystals, fnuiul in ('oriiwall. I’nils, 
Ac. It is largely present in soiiio of the Chilean 
copwr or(‘s. L. J. S. 

BR6GGERITE. a eryst^lisoil variety of 
the mineral pitchblende (i/.s.) or uraninfte, found 
as small, isolated octaluxlra uiul euho-oetabeilra 
ill the felspar quarries near Moss in Norway. It 
contains about 80 p.e. uranium o.\ule, together 
with thorium, lead, Ac. CUvetle is a vft-y 
similar, or idcntq*al. mineral fmind in the felspar 
quarries near Arondal in Norway. L. J. S. 

BROMAL. TribromaeeUldehyds CBr^t IIO. 
Preparetl by passing bromine into a solution of 
paraldehyde in eth^^acetato (Finner, Annuloii, 
179, 68), or by passing bromine into absolute 
alcohol, fractionally distilling the |>roduct., and 
trcuiting the fraction boiling at 105®-! 80® with 
water. The bronialbvdrate thus formed is 
decomposed on distillation intosbromal and 
water (ScliiifferrUer. 1871, 360 ; Ldwig. Annalen, 
3, 288). Brotual is an oily liquid lioiling at 
174® (760 mm.) ; sn gr. 3*34. • Alkalis ilecompouc 
it on boating into urumuform and a formate. 

Bromalhydrato CBr,(;H(OIl)i. C^ysta limes 
from wattT in eolouiIcHs iiionoelitiio prisms fon-. 
taiiiing one moleiule of water of ctv stall mat ion, 
in ]>. 53*5®. It is less soluble than churalhydiatu 
(Tow, Chom. Sor. 'rrnns. 1H!)9, *160). 

Bromal alcoholatos. Bromaletliylalcoholnte 
IB a ervstaUine solid, m.p. 44®; roailily soJiiblo 
in alcohol, simringly soluble ni water (bcbdffcr, 
Ic.). Itltard (Cximjit. rend. 114, 753) has de- 
SGiibed tbo action of bromine on various alcohols 
;with tbo formation of dilTercut biornsl alcoho- 
lates. 

The following condensation proiluots of 
broiniil have bei'ii prejuircd : liromalammonia 
(ScbifT and Ta^Hiiiuii, ihr. 1877, 1786); com- 

e >und with hexamithyltncluainine (I/iderer, 
ng. l»at 17603 ; J. Soc. Chom. Ind. 1807, 
1039); rompoundi with /ormnWeAyds (Pinner, 
Bcr. 10^81, 1432) ; hromahUfictlatt ((Trubutti, 
Gazz. chini. ital. IfNK), 30, ii. 191); hrmnah 
glycclate (Gabutti, Chom. Soo. Abst. 1902, i 
261); and hromnlrhlomlmrbamidr (Kallu and 
(jo., Cbeiii. Sue. Atstr. 1902, L 429). 

BROMALBIN. *A bromine derivative of 
protein. • 

BROMAUN. Trade name for a coinbina 
tion of hoxainothylcnetetramine with ^ethy 
bromide use<l in the treatment of neurastbciii 
and epilepsy (u. SYNTUETiOeDBUOM. 
BRObUENZENB*. Phenyl. 
a BROMCARIUNB anl /3 BROMCARMIM 

*V. COOHINBAL. • 

BROMEIOON. T||ule name for |n albumi 
preparation #ontaining brotnino. 



BR0M£L1A. 


BROMEUA. Trade namo for /i nAphthyl- 
ethyl ether. 

BROMETONB. Trade name for tribromo^ 
^er/'biy.yl alcohol CBr,-C(CH,),*OH. Used as a 
sedative and atiffiHthctic in sca-sickncss* vomit- 
ing, chorea, Ac. 

BROMINE. 8ymt Br. At. wt. 70*02. An 
element belonging to«lhc clans of the halogens, 
and the only clernent, other than mercury, which 
is liquid at ordinar/ temiM>ratiiro and pressure ; 
discovered by Balapl in 182d. Namo from 
Pp&fMi, a stench. Never found frc‘c ; chioily in 
combination with alkalis and alkaline earths. 
As AgBr. brorn- argyrito or bromite. also os 
ombolito in isornorphotis mixtures with AgCl in 
Mexico. Honduras, in some Silesian zinr 

ores, and in C'lnle saltpidro. in sea w'uUt. in 
many marine phtnlH and animalH. and m many 
saline springs. J^oinine, as hromindigo. has 
been foiiral to Ik? Hco^'ted by certain species of 
MurtXt and is an <.sHcnti:il constituent of the 
Tyrittii purple of the aneii'iits. Traces id it an? 
occoHionally to ho met with in coal, and hence 
in gai#*iii|uorH. 

Bromine is cut tamed in sea w'litcr in the 
ratio of 0 .'1 giani Br to 100 grifnis (*l. Water 
from the Dead Sea eontains II grains of Bi to 
100 urains (M. Some marine brines analysed 



mm. Hg 

"C. 

mm. Hg 

16*40 

139 

34*7 

314 

18*16 

152*5 

30*0 

378 

20*6 

172 

45*6 

478 

22 (55 

190 

49*8 

553 

25-05 

212 

54*7 

658 

20 8 

250 

50*5 

768 

Solubility 

' of bromino 

in water (Wuikler) - 

1 

part Br Is iOO uarts H.O 

100 parts Br 

dissulved in 

dissolve 

water oontalu 

Temp. iiarts II «0 

l»arts Br 

parts Br 

0*00 

24 

4*167 

4*00 

10*34 

26*74 

3 740 

3*62 

19*96 

27 94 

3*578 

3*46 

:i017 

29- 10 

3*437 

3*33 

40*03 

20-02 

3*446 

3*34 

B»*86 

28*39 

3*552 

3*41 


I The solubility of bromine in water is in- 
, tiuenced by the presence of ehlonnc. 

I If 1 litre contains 
i o 10 I.*) 20 grams Cl 

it dissolve.-* 


lb 


oti 


5 54 grams Br 

res|)oetivtdy. Solubility in the pn'senco of 
I I inoJ. .- 


icks gave 
tn* : 

the fdllowirg results 

in grams 

8ii. gf. 

snIUis 

Cl. 

Br. 

CUl 

17 (JO 

124*6 

1 3 

1*194 

24 01 

176*0 

1*7 

1*103 

22 0 4 

171*8 

1-6 

1 221 

26 42 

202*0 

2*2 

1*143 

18 40 

128-7 

0 6 

1*168 

2lii0 

154-1 

0 7 

1*171 

22 10 

J 511*3 

0 3 

I'2p2 

25 (.0 

180 2 

0 7 

1 -223 

2(1-08 

205 S 

1 7 

1 (>62 

8-38 

55 6 

0 3 

1-066 

8 82 

58 5 

0 4 

1*075 

11-00 

65 7 

0 6 

1060 

0-27 

61-5 

0 3 

1-057 

7-40 

50 5 

0-4 


NiijSO^ 

24 

NH4CI 

82-2 

(NH.l.SO* 

77*7 

NH.C.HaO, 

a40*5 

NaCI 

55-0 

KBr 

88-5 


grams Br per litre. 

The speedic gravity of bromine water con- 
taining : — 


Br per litre 

Sp. gf 

10 72 

I*1H)00J 

11*08 

1*00031 

12*05 

1*00005 

12 31 

1*01223 

10 

1*01491 

20 

1*01807 

31*69 

1*02367 


The vapour pressure of broimne water with 
; liquid bromine as bottom body : — 


At ordinary temperutures bromine is a dark 
brown rod liquhi of most irritating smell, very 
\oliitilo; vapour yellowish-red, anil becoming 
loss transparent when heated. 

It boils at till° and solidities at 73° to a 
bruwn-reil cry.stallino mass of senn metallic 
lustre ami conehoidal fraoture. The solidifying 
point is considerably depressed by chlorine. 
The 8|)ociiio gravity of liquid bromino is 
3* L882H, U°/ (Thorjio) ; if five from clilorinc 
3*10227, 25°/ 1° (Andrews and Carlton). Co- 
efliciont of c^xpansioii 0*0011 between 25^ and 
30°. S|)ecitio heat of sulul OOH432 cal., 
(d liquid 0*1071 cal., of gaseous bromine 0 0555 
cal. 

fjatent heat of ovaporetion at b.p. 45’ti 
cal., cntical temperature 302*2°. Vapour 
pressure:— 


“C, 

mm. Hg 

°C. 

nuu. Hg 

-b0*0 

0*13 

1*8 

67*3 

-690 

0*79 

4*0 

77*3 

-41*3 

^88 

, 4*05 

82 

-19*4. 

16*7 

6*96 

80*6 

-10*06 

36*0 

7*00 

!)5 

- 7*1 

44*6 

9*96 

104 

- 0 li. 

62 

12*55 

119 


Temperature 

0 0 ‘»C. 

nun. llg 

68 

2t) 

76 

3*0 

80 

3*95 

83 

4*95 

88 

5*95 

92 

6*2 

,03 

ti*95 

96 

7*05 

101 

10*0 

110 

12 5 

124 

15*9 

146 


Bromino water when cooled deposits bromine 
hydrate in hyacinth -red octahedral crystals. 
Girau (Coinpt. rend. 1014, 159, 246) profKMed, 
in the place of the composition Brg.l0HtO 
usually given (Lowig), Br,,8HgO on the strength 
of thermo-chemical and analytical data. 

The solubility of water in bromine is oncer- 
tain ; according to Wildermann 100 moL Br 
dissolve 0*4 moL HgO. Of technical importance 
18 the BolubUity of bromino in the 6naf mother 
liquors of bromine manufacture : 

! At 2 10 20 30 40 50 55° 

I 01*4 64*0 63*6 63*2 60*8 60*0 58*4 

I grams Br are soluble in 1 litre. 

1 Bromire is ve^' soluble in alcohol, ether. 
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Haginaw, Mich., for inaUnce, is now in the hands 
of a fewtfirms who buy the mother Iiquora from 
the otjuer salt producers. 

Chemical ProceMee , — The raw material 
worked at Ktassfurt, emde earnallite (v. PO- 
TASSIUM chlobide),# contamH bromine to the 
extent of from 0*15 » 0-25 p.c. in the shape of 
hrom-Cfimulhte MgHrj‘KItr,6H,0, isomorphous 
with camalhte. in the manufacture of po- 
tassium ehlorirle, ^hn magnesium bromide 
acoumulalcH together uith magnesium chloride 
in the inothiT liquors, which contain usually 
about 14 grams KOI, CA) grams MgSO^, 34H grams 
Mgf'I|, 12 grams NaCl, 2-1 r> grams Hr per 
litre, and Jjavo sji.gr. As it is impossible 

to sepiwaie the magnesium bromide by fra<‘tional 
crystallisation, the bromine is always extracted 
b r cliemically, lieing ro- 

'i , ^ placed by a current of 

chlorine, according to 

» 'bSS* ^ 'I, ( Hr, 

^ 'I'Imj chlorine is 
citliei generated within 
the liquors by means of 
hydrochloric acid and 
A niungaiiese ore, or it is 

r — , \l/s 


Ir TLX-'s 


9mm w 


-4 m 


\ - 

Pio. 2. 


! mixture of bromine, chlorine, and water vapour 
1 passed through the lead pipe'h and the stone- 
; ware condensing coil c into the j^lass bottle p. 

I holding about 8 litres. The distillation was 
’ camecl on until the pale colour of the vapours 
I in the glass adapter n showed that no more 
bromine was coming over. The condensate 
separated into a lower lay^r of bromine and an 
upper layer of bromine and chlorine water 
which could be siphoned off through o into 
vessel B, and was added to a subsequent charge. 
Uncondensod vapours passed into vessel F fillra 
with iron turnings and water, and fitted with a 
collar, p, to allow for frothing, with a run-off 
into ]ar o. Each operation, lasting an hour to 
an hour and a half, was terminated by knocking 
out plug I, and running off the liquor through the 
covered culvert tn connected to the factory 
chimney. 

The efficiency of this process was very small, 
each operation yielding 2 to 2 5 kg-<. bromine, the 
average yield amounting to not more than 0*1 
pc. of the mother liquor. The intermittent 
method cntaili*'! several drawbacks — loss of time 
and material, besides the contamination of tho 
• atmoBi^herc. These disadvantages gave rise to 
, various continuous processes, the first of which 
was patented by Frank in 1878. 

lie ernploved a series of decomposing vessels 
at different levels, allowing the hee4«d liquor 
I to run from the highest into the next lower one, 
and so on, pa.ssitig at the same time chlorine gas 
generated outside 
and steam into the 
lowest vessel, and 
V ' counter-current 

^ to the higher ones. 

Ipl Ho thus obtained 

I a steady stream 

/ VisiiiiMi^ I of bromine on the 

IM (Tf "" one liand, and a 

solution of mag- 

L J nesium chloride 

/ ^ practically freed 

' ^ . J'y ' from bromine and 

; unoontaminated 

; :4 with manganese 

■ ^alt.s, on the other. 

After a time, chlo- 


rine was passed 

jircpared outside and passed |into the solutions, , into tho second lowest ve8.**el, and steam only 
cheaji comprossed chlorine in steel cylinders ' into the low’est, to free its contents from chlorine 
being nowadays available for that purpose. before running off. However, the high pressure 

In the eany days of the bromine industry, , required to force the chlorine gas through 
the extraction was always done by intermittent several successive layers of the liquor presented 
working. One of the first apparatus employed,! great difficulties in thet design and working of 
was doidsed by Frank, and is shown in Fig. 1. ■ this plant. These wore overcome by the applica- 
It consisted of a square vessel or still, a, maue of, tion of the scrubber principle in the apparatus, 
sandstone or slate properly jointed together, of. patented in JtSS2 by ;ho Ijcopoldshall Chemical 
about 8 cubic metres oapocitv, which wasj Works (D. R. P. 10780), and shown in Fig. 2. 
charged with a definite ouai^tity of mother liqBor. Tho heated mother liquor flows through the 
previously heated to 80* in tank b by steam coil water-sealed pipe a into column a constructed of 
• ; a)>out 200 kgs. of manganese ore, sufficient for stoneware or acid-resisting stone, where it is 
several operations, were spread on the false evenly distributed by pipe 6. The column Is 
bottofs a. After closing the man-holo /, the fitted with stoneware balis, c, c resting on a 
required quantity of sulimurio acid of sp-gr. 1*7 grating which effecU a good contact of the 
was run m through pipe g, which was subso- liquor with the chJorino gas ascendii^ through 
quently sapped up with* clay, and live steam pipe e. This pipe is wide enough to serve also as 
was piu»ea into the Lquor through pipe k. Thf outlet for the liquor which runs into the steaming 
chlorine evolved oiPboiling acted upon the mag- vessel b, provided with a number of superim- 
nemum bu^tmide present i nd liberated bromine, posed flagstone {ihelves oompelling the ^nor 
This f same over pure at firsts buf above 76* a to flow rn a xigsag course, and finally issues 



BROMINSL 


691 


through pipe «. esteem is forced into this 
vessel by means'oJ e stone pipe g end is distri- 
buted through perforetions m its bese. The 
contents of b, which is alwe^^ full, ere kept 
boiling, end the steam rises principally through 
holes in Ihe flagstones, thereby freeing the 
liquor from chlorine and bromine. The vapours 
meet the current o| fresh chlorine arriving 
through pipe I (shoBTi in dotted lines), which is 
conveyed through pipe z into the to^*er a, 
decomposing the magnesium bromide. The 
bromine is taken off on top, and passed by pipe o 
through the stoneware condenser p into the 
receiver q. The uncondensed vapours are led 
through r, into receptacle ?i,and arrested in the 
smaller scrubber d suspended by rod f, and fitted 
with iron bonngs, kept moist by a stream of 
water from tube /. The iron bromide collected in 
n is siphoned off through i; into jar le. The regu- 
larity of the current of chlorine arriving from m is 
contndled by the amount of water 
condensing in the bend of tbe gloss 
tube //. If too much water has 
accumulated, it is blown through 
the rubber tube « into the cliloriiie 
washer D. By filling the bend of h 
witli water, the current of 
gas may bo intemiptcd. 
( )f late years 
ehlonne elcctro- 
lytically prepared 
and compressed 
in steel oylind^^rs 
has been used, 
whereby the re- 
gularity of the 
current is under 
complete control. 
The ap- 
paratus 2 >a- 
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tented by Wiinsche-Sauerbrey (Fig. 3) is bast'd 
on the same principle as the foregoing. It is, 
however, technically more perfect and conse- 
quently much superior in efficiency. 

It consists of a decon^sing vessel a, a 
steaming vessel B,a condensCT o, and an auxiliary 
condenser d. The four units are built up of 
cast-iron elements of hoxogonal cross-section, < 
lined with stoneware plates and filled with a 
very laige number, several thousands, of 
iqiecially designed contact bodies (D. R. P. 
168716) which rest on gratings of the same 
material The four units are so arranged in 
height that a Mrfect counter-current is obtained, 
and in both tne decomp<Mr and condenser two 
centre gratings are provided, in order to keep 
a free space. The chlorine is passed into the 
deeomposer at 6, the liquor entering through a 
at a temperature of 65^ ; after treatment in this 
unit it runs into tbe steaming vessel through pipe I 
/, where it is freed from ohlorine and bromine 
vapontB by means of live steam entering at d 
tbe vapours passing into the free space of the 
decompoaer. The oromine leaves the^ decom- 
poser at 'a temperature of about 96* anx under-* 


goes preliminary cooling in the auxiliary oon* 
denser D, but is oompletoly condcnae<f in t)ie 
qirincipal condenser by a* stream of water, 
passing subsequently a bromine and water 
stiparatur. 

Tbe features of tiiis aj^paratiis are the com- 
plete recovery of bromine and the thorough 
utilisation of steam. Although of moderate 
dimensions, the apparatus is capable, on account 
of the number and arraifgcnient of contact 
bodies, to recover 260-270 kgs. bromine from 
1 50 cub. m. liquor in 24 hours. 1 1 requires 0 0 kg. 
ohlorine for everv kg. of bromine made, and onlj 
3 to 6 kgs. bromine are necessary in the form ol 
iron bromide for the subsequent Vcmqval ol 
chlorine from 100 kg i. crude bromine. ITie cost 
of production of 1 kg. bromine is 0*46 to 0-6C 
mark. • 

Whilst the value of Wiinsche*s fpparaiiia 
ciepends on the most favourabjo distribution and 
utilisation of gas and liquor, Kubierschky hah 
designed a plant (dor. Pat. 104607) in whiq)i the 
counter-current proper is divided into a numhei 
of system aticallv arranged parallel currents, 
recognising the tact that bromine vapour will 
be heavier the purer it becomes. As the ratic 
of the density of water to that of bromine h 
18 ; 100, a simple upvfkrd current cannot possible 
yield the best separation, as under currents will 
alwavs be set op. 

The apparatus consists of a single towel 
eolumn, shown in Fig. 4. 

It is lined with stoneware and^dlvided intc 
superimposed c.mipartments, the division plates 
being liquor-scaled and allowing liquhl to pnss, 
but not gas. The compa|tmentR arc pro- 
vided with perforated plates pp or other contact 
bodies. Communication between the compart- 
ments is established by tubes rr so arrangofl 
that the vapour alwq^s enters from the lowci 
compartment into the upper part of the next 
higher one, then descends over the plates alonfi 
with the liquid, and enters the vapour pipe neai 
the bottom, passing through this pipe agnio to 
the top of the next ctminurtm^nt, and so forth. 
The pTt'vionsly heatca 
mother liquor enters at f 
the top of the column, 
runs down m a direct 
course and is met by 
chlorine introduced in the 
lower part. Steam is 
passiHi into the bottom 
compartment, and follows 
the rourHi* ilesenbeil. 

The hronijiie. not sub- 
jected to uiidiT-eurrenls, 
issues at ti from the 
column and is condensed 
in an carthcmwarc eoii. 

Although of cxt 5 emo 
simplicity, this apparatus 
is much sujierior to all 
the others, cs|>ecially in 
regard to yield, this 
amounting to from 90 to 
06 p.o. of the bromine present m the crude liquors. 

Tbe mother liquors; obte^ed by spontaneoui 
evaporation of sea- water to |p.gr. 1*274 at thi 
salt works of Salin de (lirouaT twuth of France 
are used for the production of bromide. The} 
are further odheentrated to qieoifio gravliy o. 
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1*008 and allowed to ciystalliie daring the 
winter. After removing the magnesium sul' 
phate. bromine is extracted in the following 
spring by pumping the liquors into vessels of* 
SM) cub. in. each, from whieh they descend in a 
regulated stream in^o stone reetifying columns 
through whi(h a nirrent of chlorine, from 
cylinuers, and ar current of steam ascends. The 
bromine, after passing through an inclined 
U-tube and a condensing coil, is separated from 
the water by gravity, the bromine-water being 
returned to the column. The crude bromine is 
rectified by passing steam through it, which 
carries away the chlorine and part of the bromine. 
Three units are emjdoyed, each of which deals 
with fO to (iO cub. in. of mother liquor in 24 
hours, and yields about KK) kilos of bromine 
Forty -four tons- of bromine containing only 
about p.c. of chlorine are thus obtained 
annually from l.'j,Oo0 cub. m. of mother liquor. 
The liquors, after the extraction of bromine, are 
worked up for potassium chloride. 

, I'/i America tho manufacture is carried on in 
the majority of w rks in Ohio, West Virginia, and 
Michigan, oy tho in term i tier, t jjrocesa. The 
bitti'm from the main graincra of the salt works 
is further concentrated to a sp.gr. of about 1*38 
(hut), and then passed the bromine stills. 
Most of these arc made from sandstone quarried 
at Buena Vista, near Portsmouth, Ohio, whore 
the sandstone is practically free from iron oxide 
and is of close texture. The shape and con- 
struction differ in tlic various plants, and tlieir 
working capacity ranges from 4(H> to 1200 gallons 
of liquid. So<!nim clilorato and sulphuric acid 
of sp.gr. l’8t are used in liberating the bromine 
from^ tho bittorh. Tho use of manganese 
dioxide and potassium chlorate has been dis- 
continucli. Steam is passed into the solution 
and, as the t^unperaturc nse-s, a reaction takes 
})lace approximately represented by the following 
equation : — 

3Mg Hr, -f 3H .SO.+NaClO, 

=fiBr+NaCl-f3MgS()4 

Tho bromine set free posses from the still 
together with any c-xoess of chlorine which is 
liberated. The bromine vapour is freed from 
chlorine after passing through washers filled w'ith 
milk of lime forming calcium chloride and calcium 
hypochlorite. Some bromine is taken up by the 
lime, but is recovered later. Tho bulk of the 
bromine vapour is condensed in three lead coils 
arranged in series, each of which discharges the 
eondensato into glass bottles, whilst any bromine 
passing the last bottle is caught in towers 6 feet 
to 8 feet high and 2 feet to 2 feet G inches wide, 
made of sower pipe and filled with cuke. The 
bromine caught beyond the first bottle is usually 
rather dilute and may be rotumod to the still. 
The lead pipes liavo latolv been replaced by 
stoneware coils in several works. About 
35 lbs. of bromine are obtamed irom 700 gallons 
of bittern. 

The drawbacks of tho intermittent jirocess 
liave led to ihe introduction of continuous 

g rocesses. The how Chemical Company of 
lidland, Mioh., haa pktented a numbw of 
modifications of th^. 

The chlorine deed may be produced chemi- 
cally or e'sctrolytically v 'thin the reacting mass, 
or iitroduced from outside. In the puMse of 


steam for ihe removal of free bromine a current 
of air is used. 1 he bromine is abstracted from 
the bromine -laden air by chemical re-agenta 
such as iron turnings, lime, sodium bicarbonate, 
and others. These are worked up for pure 
bromine or bromine salts by subsidiary processes ; 
for instance, the ferric bromide solution may be 
converted into solid ferrous bromide by treat- 
ment with further iron. 

Electrolytic Proceaaea . — Of recent years, 
efforts have been made to effect the separation of 
bromine from the magnesium -bromide liquors 
by means of electrolysis. A number of pro- 
cesses have l>een devised by WUnsche, Hdpfner, 
Nahnsen, Pemscl, Rinck, Dow, and Kossuth, 
but although in some cases plants have been 
working with more or less success, their 
introduction has not become general. All 
but the last-named process employ dia- 
phragms, to avoid secondary reactions. 
Kossuth works without this, and achieves a 
great simplicity of plant and working, but at the 
expense of curwmt required. The yield of 
electric energy is 40-50 p.c. in his case, and 
not more than about 70 p.c. in any other method. 
This low yield is lamely due to the extremely 
small percentage of bromine in the liquors and 
the c-onsequontly large bulk to be dealt with, and 
to tho formation of bromates and chlorates. 
The formation of solid magnesia is another 
drawback. 

In nearly all the electrolytic methods pro- 
posed, the bromine remains dissolved in tno 
solution and must be recovered by tho proeeswos 
de-cnbecl above. 

Punjiralton of Bromine . — Crude bromine, as 
obtained by most of tho processes described, 
contains very small quantities of iodine, cyano- 
gen, bromoform and carbon tetrabromide. lead 
bromide, ar.d as principal impurity from 1 to 
4 po. of chlorine as clilorido of bromine. The 
oldest method of purification consisted in agitat- 
ing the crude bromine with a solution of potas- 
sium or ferrous bromide. On account of the 
frequent breakages of the glass vessels employed, 
thi.9 method was replaced by that of redis- 
tillatioii. In some places glass retorts were 
used for this pnri>o.so, containing about 15 kgs. 
and heatcrl in sanfl- baths. Only 3 or 4 chaises 
could be worked m one vessel, and fracture of 
the retorts was a not unfreqiiont occurrence. 
In Stassfurt sandstones stills were and are still 
employed. The.se were square troughs with a 
stone cover, holding about 1 cubic metre. The 
distillation is carried out in the presence of 
ferrous or calcium bromide, these liquors being, 
when used up, added to the original mother 
It({uor8. Of late years advantaue has been taken 
of the improved pi*oduct8 of the stoneware 
industry, and stills of this material are largely 
used. To avoid the occasional cracking of these 
stills, Mitreiter employs vessels of boiler plate 
lined with a bromine-resisting maieriaL 

The Bill] is charged with 200 litres ferrous 
bromide solution of 13^ to aud about 

600 litres crude bromine. The temperature Is 
gently raised by direct steam up to toe boiling- 
point. Double decomposition ensues between 
''hlorine and ferrous bromide, and bromine 
distils over and is oondmised in a stoneware 
coil, separated from water and then oontains 
only trem 0*05 to 0*10 p.o. chlorine. ' 
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Pure bromino i^y be made, aocordiug to 
Bantow, without the aid of steam or heat, by 
adding sulphuric acid to a mixture of 5 parts of 
bromide to 1 part of bromate in a cement-lined 
tub cooled by a lead coil, but kept abore the 
ciystallisinff point of the sodium sulphato formed. 
The free bromine formed according to the 
equation ; — 

5NaBr-fNaBrOs4- 3h,S04 

=:*3Na,S04+ftBr+3H,0 
can be drawn ofi from the bottom of the con- 
draser, the yield being 95 p.c. of liquid bromine. 


whilst the reruaindor is 
blown out fiom tho 
solution with a current 
of air and recovered 
with alkali. 

In another process, 
patented by Baratow 
(Fig. 5), a strong iron 
bromide solution is fed 
from tank 2 mto the 
top of a tailings tower, 
1, passes through a con- 
densing coil, 3, thence 
through a re-action 
column, 4, m which it 
meets a rising stream of 
chlorine gas supplied 
from 5. The mixture of 
iron chloride and liquid 
bromine Hows down* 
wai^ through tho re- 
Mtion column, and from 
it througli a cooling 
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worm, 7, to a con- 
tainer, 8, where it ih , 
sepal uted by gravity. . 
Any vaiiour formed by the 
heat ])roduccd in the re- ; 
action column, or carried i 
Pro. 6. away by air, which may 
be contained in the chlu- 
rme gus, is re-condensed m 3 or scrubbed out 
m tower 1. Any chlorine contained in tho 
crude bromme is removed by agitation with an 
iron bromide solution, and the bromme retained 
by the iron chloride solution may be blown out 
with air and re-absjrbed with a solution of 
ferrous bromide. No steam is used in the pro- 
cess, and the iron chloride can be produced as a 
commercial solution of sp.gr. 1-32. 

Recent processes attempt tho purification by 
rectifying without the aid of chemical agents. 
Kubiersonkv (Ger. Pat. 174848) employs in con- 
nection with his separating apparatus a refining 
tower ; the crude bromine flows downwards 
into a vessel charged with bromme and kept at 
boiling temperature. The chlorine rises in the 
tower, and the boiling bromme, freed from 
chlorine, is continually siphoned off and cooled. 

The German Solvay Works (Ger. Pat. 206448) 
have found that in raising the temperature of 
crude bromme very slowly and keeping it just 
under its boiling-point, it is possible to free it 
entirely from its oLlorine. The time factor is 
great unportanoc for the successful carrying out i 
ol their process. ' 


On heating a charge to 69*^ for 30 to 40 hours, 
it is possible to remove practioallv all tho chlorine 
with not much more bromine than corfissponds 
to the composition of bromide of chlorine.* 

Bromine is sold in strong, white, stoppered 
bottles, holding 1 litre, an4 containing 2} or 3 
kilos. The glass stoppers must be well ground ; 
they are secured by inuring some shellac on to 
the joint, covering tnem with clay putty, and 
tying wet parchment paper over all. From four 
to twelve such bottles are qilaocd in a wooden 
box, the spaces between being tightly filled with 
kiesclguhr or brown-coal ashes, depending upon 
whether tho bromine is exportoa or smd for 
inland consumption. 

The principal applications of brojnine, 
whether in the free state or in the shape of 
bromides, are in photography, in medicine, in 
the manufacture of coal-tar 'dyes (especially 
eosine). and in sciontifio andianalytioal onemistry; 
in the latter it has to a great extent taken tlie 
place of chlorine, owing to tho greater con- 
venience of its manipulation. A similar fM^bsti- 
tutioQ has been proposed for many technical 
, purposes. It is used in the ntraction of gold 
and the rofining of platinum, and in conneotiun 
{with the manufacture of Prussian blue and 
potassium permanganate. It is also a disin- 
itcctant, and has fuhnd some application for 
I this purpose, especially in tho sliape of bromum 
‘solulijicaium patented by Frank (Ger. Put. 21644). 
jThis is kiesidguhr made pliistio by means of 
, molasBos, Ac., pressed into sticks of i- and J-incli 
diameter, dried, burned to the ox tout that the 
sticks acquire a sunicient degree of hardness 
'without losing tlicir porosity, and saturated 
with liquid bromine in wide mouthed stoppered 
glass bottles. After tho oxocss of bromine bus 
been poured off, the sticks remain beh;nd, con- 
tiining about 75 pc. of tho wciglit of bromine, 
and are sold in the same bottles. This is a vor> 
oouveiiient form of applying it, as a certain 
number of sticks represent a given weight, and 
no weighing out of liquid bromine is required. 

liwmidc of iron is made at Stossfurt and in 
.America, and servos principally as raw niatorial 
for tho manufacture of jiutassiuiiL and sodium 
bromide. It is a compound of the formula 
containing .00-70 p.c. bromme, up to 
0 0 chlorine, 18 -19 p.c. iron, and 10-10 p.c. 
water and insoluble matter. Tho older metnod 
for its manufacture consists in passing bromine 
vapours free from chlorine over iron borings or 
turnings contained in a cast-iron or stoneware 
vessel, and ke.pt moist by a stream of water. 
The solution obtained is passed through a filter 
cloth or sand filter to remove impurities, notably 
carbon, and evaporated in cast-iron pans, 
whereby enough bromino is added to obtain the 
compound FcRBrg. Tho brown-rod solution 
is concentrated to a pasty consistency and 
allowed to cool to t block crystalline mass. 

The Associated Chemical Works of Leopolds- 
hall have introduced a method wherry a 
charge nf 1 ton of steel wire and turnings fs 
treated in a closed stone trough with a nfixture 
of bromine vapour and si^am in the r^ht 
proportion. The admission of bromine is so 
regulated that no bromine vapours are visible 
lihiough a sight-glass provided on the outlet pipe 
which is eonnectM to a little scrubber acting as a 
eatoh-boz. As soon JIm brown vapours and the, 
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failing of the temperature Ivom 170** to 100^ indi- 
cate a leeeening of the activity of the iron, the 
operatktfi ia terminated and the aolntion mn off. 
Beinm anificiently concentrated, the aolntion 
obtained in the proceaa may be run direct into 
the tranaport barrel^ where it ia allowed to 
crystalliae. • 

Bromine eaK. 4n connection with the 
manufactnre of bromine a substance commonly 
called * bromine salt * is produced^ which finds 
application in the e^i^raction of gol^ ores. It is 
practically the mixture NaBrOg4 2NaBr, and 
18 made by saturating concentrated caustic soda 
solution with bromine. The solid salt obtained 
after draining off the mother liquor — which is 
evaporate^i-iias the approximate oomposition 
lNaBrf)s-i-5NaBr. To this sodium bromate, 
clectrolytically prepared from bromide, is added, 
and the mixtureefinely ground and packed in 
kegs. e , 

Hydrobromie acid. HBr. Bromhydric aeid i 
Hydrogen bromide. A colourless pungent gas 
of in^atiog smell ; fumes strongly in the air. 
Cogddnses to a liquid at — 73"*. May be ob- 
tained syntheticafly by passing bromine and 
hydrogen through a hot tube* or over heated 
platinum. Best prepared by action of phos- 
phorus and bromine on water, 6Br-i P { 4H|0~ 
Ri^04-f6HBr; or by the«action of a concen- 
trated solution of f f 4P()4 on K Br ; or by drop- 
ping Hr upon melted paraffin heated to 
« Clas very soluble in water ; weight of normal 
litre 3*0142 grams ; solution when satu rated 
forms a colourless, strongly acid liquid of 
sp.gr. 1*78, ahd contains 82 p.o. HBr by weight, 
corresponding to the formula HBr,!!,!). If S 
the concentrated acid bo heated at ordinary 
[ireMMiires, the gas is evolved until the amount 
of HBr in the solution sinks to 47-48 p.c., when 
the liqulll boils eoiiHtaiilly at ]2()° under a 
pressure of 7(10 mm. This proportion of HBr 
corresponds to HBr f-TiHgO, hut the liquid is 
iu»t a true hydrate, since the composition is 
filtered by varying the prt'ssuro ; thus if the 
pressure be raised to I’Po iiini., the solution boils 
at 153° and contains 40 3 p.c. il Br. 

The sp.gr. at 15° and p c composition of | 
aqueous solutions of hydiobromio acid, is given 
in the following table (Wright, Chom. News, 23, 
242) 



UBr p.o. 

8 p. gr. 

UBr p. 

1*080 

J0*4 

1*385 

40*8 

1190 

23*5 

1*475 

49*5 

1*248 

30*0 

1*515 

49 8 


For pharmaooutical purposes a dilute solu- 
tion of nybrobroniic acid may be prepared by 
dissolving 84 1 grains of potassium bromide in a 
fluid ounce of water and aflding 0 grams of 
tartaric acid to the solution. After standing, acid 
potassium tartrate ciystallises out and the 
solution contains about 10 n.o. of hydrobromic 
acid. Rydrobromio acid has been used in the 
treatment of ear oomplaints. R. L. 

BROMINOL (brvmifiokum). Trade name for 
bromii.ated sesain^ oil. 

BROmnN, BROMOHN. A combination of 
bromine with sesaffttf oil employed in medicine 
(V. Syntbtco Dairoy). ^ 

BROiirni or BMHYIUTB. Kative silver 
bromide* found id Miszioo and in Chile (t\ 


w-BROMOACROPHBIICBB «. Katonis. 

BROMOCHINOli. Trade name for acid 
dibromosaUoylate of quinine. 

BROMOCOLL v, STHTEsno Bbuos. 

BROMOFORM. TribrommetAane CHBr^ This 
substance is occasionally met with in the iiqmd 
left after the rectification of bromine, ji whicn it 
occurs associated with chlorobromoform CHBr^Cl 
(Dyson, (.'hem. fcjoc. Tran". 43, 46) and carbon 
teirabromide, CBr4 (Hamilton, ibid. 39, 48). 

Preparation.— It may be obtained by mixing 
100 o.c. soda lye, 200 o.c. acetone, and 20 c.o. 
bromine. When the reaction has ceased, 10 o.o. 
acetone are added to remove the yellow colour 
of the hypobromite, the layer of bromoform 
which separates being tapped off and rectified. 
Yield 75 p.c. (DenigAs, J. tiqiarm. Cbim. 24, 243). 
It may also be prepared by the simultaneous 
action of bromine and caustic potash on alcohol, 
of bromine and lime on acetone (Beniger, 
Amer. J. Pharm. 63, 80) ; of calcium hypo- 
chlorite and potaasium bromide on acetone 
(Fromm, Pharm. Zeit. 39, 164), and by the 
action of alkalis on bromal. It has been made 
oloctrolytically from potasHium bromide and 
alcohol (Fabrik vom Simenng, D. K. P. 29771) ; 
from potassium bromide and acetone (Coughlin, 
Amer. Chem. J. 27, 63 ; and Muller and Loebe, 
Zoit. Klcktrochcm. 10, 409), and from calcium 
bromide, alcohol, and water (Trecheinoki, Chem. 
Zentr. 1907, i. 13). 

Properties , — It is, when pure, a colourless 
liquid, solidifying at 2*5° and boilmg with slight 
decomposition at 1 16° under 751 mm. (Wolff 
and 8ch\\abc, Annalcn, 201, 241), at 151°/760 
mm. (Thorpe, Chem. Soc. Trans. 37, 1880, 
201. Sp.gr. 2*9()2, i:)°/15° (Perkin, (hem. 

Soe. 'IVans. 45, 533); 2*8119, 8*678*5° (Thorpe, 
loc. cU.). It 18 clecomposed by potu»h into 
potassium bromide, hydrogen bromide, and 
carbon monoxide, and may bo e.stimated by 
means of (his dccumnositiou ( I >e8grc7., Compt. 
rend. 125, 780, ana Annaleii 23, 76 ; and 
Kichaud, J. Piuirm. dhim. J899, 232). Under 
tho iiiHuenco of light and air it decomposes/ 
the decomposition products dependmg on the 
time of exposure and the amount of available 
oxygen (Schoorl and Van den Berg, Chem. 
Zentr. 1906, i. 441 ). It has been used to a slight 
extent as an an»stbctic, and in the treatment of 
diphtheria. Bromoform in water, to which a 
little alcohol has been added, has been success- 
fully used in cases of whooping-cough compli- 
cate with pneumonia (Stepp and Goldsohmidt, 
J. Soc. Chem. Ind. 1890, 213). 

BROMOOUDINE* BROMOGLUTEN, BRO- 
MOPROTEIN. Preparations of wheat gluten 
or vegetable albumin contaimng bromine used 
I as substitute for alkaline bromides. 

BROMOL, BROMOLEIN, BROMOTAM e. 
SYimCBTIO Dauos. 

BROMURAL. Trade name for n^numobrom* 
iaovdUrylurea. Employed^as a hypnotic. Forms 
white needles, slightly bitter in taste ; readily 
soluble in hot water, aioohol, and ether, sparingly 
soluble in cold water ; m.p. 147°. 

BRSNNER‘8 acid, 2-NapbtbyI.nuiie4- 
sulphonio acid v. NAFBTBSLBifB. 

BRONZE V. Tiv. 

BRONZB POWDERS. Bronse powders are 
! composed of copper, liao, tin, ana antuumy, 
mclM tAgether in the requisite proportions 
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la (ha prooeaB of laaoufactui^ the alloy ia oatit 
into rooa | inoh in diameter and 3 feet long. 
Theae are rolled tniil about 2 inohea wide, and 
then out into lengths suitable for handling. The 
pieces are hammered out thin, and cleansed by 
immersion in dilute sulphuric acid. The dried 
materia] is then beaten out by steam-hammers 
until the limit of thickness is reached, when it is 
cut up ^ shears small particles or * clip- 
pinmu^ These are then pulverised in stamp mills, 
and the powder sifted, to separate the heavier 
and better quality powiler from inferior material. 
The latter is mixed with quarts powder and 
sold very cheaply (J. Soc. Chem. lud. 1803, 12, 
475). 

The expense of the above process lies mainly 
in the production of * clippings,' which necessi- 
tates a great deal of handwork, and a number of 
methods have been patented for reducing the 
alloy to a finely divided state bv mcohaiiioa) 
means. According to one method, the molten 
alloy is rained into a shoot-iron chamber, in 
which a shaft carrying blades is rapidly rotated, 
so as to greatly agitato the air and thereby 
minutely subdivide the metal at the moment of 
solidification (Fr. Pat. 331371, 1003). In 

another, the molten metal flows in a thin film 
into a receptacle, where it meets a current of 
compressed air or else a jet of water, the object 
being to prcxluco bronze foil or loaves (Kng. 
Pat. 9064, 1903). Methods have also boon 
patented for casting the metal in tliin films on 
the inner surface of a rotating hollow oy Under 
or in the annular space betwt^en two rotating 
cylinders (J. Soc. Chom. lud. 1903, 22, 160 ; Fr. 
Pat 335112, 1903). 

After the iMiwdured metal has boon sifted, 
the coarser grades are polished in a closed steel 
cylinder, in which steel wire brushes rub against 
the walls. When it is necessary to reduce the 
powder to a finer state of division, it is ruld>c<l 
with gum-arabic solution, washed and dried at 
the lowest possible temperature. 

Zinc-dust is frequently coated with brass by 
simple immersion in a cop])er and zino cyanide 
solution, the pow'der being kept agitated by 
moans of brushes (J. Soc. Chem. lyu. 1894, 13, 
893, 958) ; the product is treated finally in a 
polishing mill, and uscxl as a bronze powder. 

Bronze powders have also boon described 
containing 5-10 p.o. of aluminium, and 0*05- 
0*1 p. 0 . of bismuth. The shade of colour is 
altez^ by varying Uie mi^ntage of aluminium, 
and by heating in air (B. B. P. 44242, 1887). 

Few analyses of bronze powders have been 
published (J. Soc. Chem. Ind. 1010, 29, 1062). 
* Gold* and ‘ bronze * powders were found to 
contain 70-85 p.c. of copper, and 30-15 p.c. of 
zino, together with small amounts of lead, tin, 
arsenic, iron, and aluifiinium ; ' aluminium * 

powders consist of nearly pure iduminiura ; and 
'silver* powders contain 77 p.o. of zino and 
21*5 p.o. of aluminium. 

Bronze powders are coloured in various ways. 
One method consists in heating the powder m 
an open vessel with oil and vinegar, or with 
wax, paraffin, or oils contaimng sulphur. 
Buchner's process oonsists in shaking the powder 
in a closed vessel with hydrogen suiphiae solu- 
ikm, allowing to stand 24 hours, drying fnd 
htsting in an ou-bath until sufficiently ooloiirea 
(J. Glieiii. Ind. 1806, }5, 288]^ Artificial 


dyestuffs are also used for colouring bronze.' 
powders. 

The foUoFwing are examples : — ^ 


Colour of 

MetalUo 

1 Totol 
organic 

1 matter 

'9 - 

Colouring 

powder 

oonaUtuents 

• 

matter 

Pink . 

• 

Clipper 

0 S p.c. 

Aslne loarlet 
G 

Bluo . 

Tin and sine 

8‘8 „ 

Victoria blut 
iH 

Satranine 

Copper colour • Oopnor (little xAc) 

5*5 „ 

Violet. 

Tin (little copper) i 

3*8 .. 

FMt noutra 
violet B 

PMe green . 

Copper and siuo 

4 8 .. 

Malachite 

green 

Brllilant 

green 

e • 

Olive green . 

Copper and slno 

6 0 

• 


Bronze powders are used considerably loi 
printing on textile fabrio|i. *For tl^^ purpose 
they must be mixed with*a ' fixer ' wTuon aflowi 
the pow'der to be readily applied to the material, 
w hilst BO fixing it that brusliiiig will not remove 
it‘; the fixer must not, of courMO, intorflpe witli 
the brilliancy of the iiowdar. Two olaates ol 
* fixers' are in* use, egg or blood albumen, and 
various varnishes having oaoutohouo as thoii 
base. In printing such goods, the main point 
to bo observed is |hat the iraproasion shall be 
sharp, and apjilied with suflicioiit force to 
prevent the particular fibres from again rising. 
(For further particulars, v. J. Soc. (^)hom.Jtm. 
1896, 16, 283; KKK), 19, 243; 1906, 25, 1040; 
and for various hrotizo jiow'dor substitutes, v, 
ibuJ. 1896, 16* 284.) • 

BROOKITB Titanium. 

BROOM TOPS. A^coJMlri^ cacumina B.l*. 
iS'co^wriMf, U.»S I'lit. was deleted in 1916, but 
Sparteime (tulphu^t is rptamoil. {(Jen& d 
Fr. ; Hese,n(j\nM(r, (I'or.). 'L’ho tiljis of fho 
common broom, jtcojmriuftt Link-* 

Sparltum L. (Heiifl. u. 'IViiii. 70), have 

been tMiiidoyeil for their diuretic action sineo the 
Anglo Saxon i>oriod, and are noticeil in nearly 
all the Jierbals and phariiiaoofxcias (Pl/inia 
goiiisU). The mam constituents arc spurt-eino 
(uid scopaiin 

Sparteine t'l 5 llt•^^|• 't* liquid nikaioid (Hten- 
housr% Animlrn, 18.^1,78, 15; Mills, t5td. 1863, 
125, 71); subso<(urntly sliowii to b« identiral 
with lunmidinu from yelhiw lupin seeds ( h. lutcu/i) 
by WiUstattor and Marx (Ber. 19tH, 37, 2351). 
It may bo obtained from broom tops by extrac- 
turn with very dilute sulphuric a<*id, concentra- 
tion of the extract and stoam-diKtiilaiion of tho 
n^Miduo, after addition of alkali. I'hc crude 
alkaloid may bo purified by distilloAion in a 
current of hydrogen. 

Vrowrlirs. A colourless liquid, sp.gr. 1’034 
at 0®, b.p. 188® under 18*5 mm., or 325® in a 
current of livdrogen under 754 mm. pressure 
(Moureu and Va\fur, (Vinipt. rend. J803, 137, 
194), 180*5® nndcr 18 mm. (W. and M. /.c.). 
Slightly soluble in water, soluble in alcohol, 
ether, or chloroform ; insoluble in light petn^ 
leum or benzene. Tho aqueous solutiutPis alka- 
line and very bitter. [a]^»— 14*6® in alcohol 

(Bamberger, AanalA, 1886, 235, 368), -16*42® 
(&L and V. l.c.) at 20®. 68parteine*is a diacidio 
oBoe, which forms difficulty ciystallisable salta 
The alkaloid and ita^ts are toxic. 
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Rmclion$ and coiuiiMian. Sparteine be- aloohoL The formula ma^ be resolved into 
haves towards alkyl iodides as a ditortiary CcHg*0Me(4)*0H(3)’C|^iH||0|(0H)^ the un- 
base, but contains no methyl linked to M resolved portion yielding phlo^lucinol on 
(Herzig and Meyer, Monatsli. 1804, 15, 813 ; potash fusion, and probably containing a pyrone 
1895, 10, 599 ; M. and V. /.c.). It furnishes no nng (Goldschmiedt and von Hemmel^yr, 
reduction products, and is unaffected by jier* Monatsb. 1893, 14, 212 ; 1894, 15, 360 ; A. G. 
manganatc. Sparteiffo reacts with methyl Perkin, Chem. Soc. Trans. 1900, )7, 422). 
iodide to form two mSnomothiodidcs, which are Scoparin dissolves slightly in water, readily in 
regarded as stercoisomcrides. On * exhaustive alkalis, e,g. in ammonia sdth a deep yellow- 
methylation ’ sparteine furnishes hemispartei- green colour. With ferric chloride it nves 
lene and Wimethylamine and finally a violet-bluo colour, rapidly becoming dark- 

spar teiicno Ci|lfao- On oxidation with chromic brown ; it reduces Fehling’s solution. Heated 
acid it yields spartvnne and eventu- with alcohol less soluble i8osco|)arm, m.p. 235^ 

ally oxysparteinc ri^S 4 ()N|. VViih hydrogen is formed, which on solution m alkalis and le- 
peroxide dioxysparteine •O^Ni resiuts, precipitation is reconverted into scoparin. 

presumably«a ui-unimonium oxide. From these Scoparm is stated to be the cause of the diuretic 
and other data Moureu and Valour (Compt. rend, action of broom tops. G. B. 

1905, 141, 261, 328) have assigned the following BROPHENIN. Brom-iso-valcrylaminoacet- 
formula to sparteU.e — p-phonotidin. 


BROSIMUM GALACTODENDRON (Don.). 

, The latex of this urticaceous tree (cow-tree, milk- 
tree), growing in Venezuela, approximates to 
cow*s milk in composition. It contains 35*2 p.o. 
of wax and saponifiable matters, which are used 
in the manufacture of candles (Boussingault, 
Pharm. J. [3) 9. 679). 

The principal papers relating to sparteine are as BROUSSONETIA PAPYRIFERA (Vent), 
follows : Ahrens, Her. 1887, 20, 2218 ; 1888, 21, The Paper mulberry. The fibrous bark is used 
825 j 1891, 24, 1095 ; 18M1, 25, 3607 ; 1893, in China and Japan for the manufacture of a 
26, 3035 ; 1807, 30, 195 ; Moureu and Valour, kind of pi^r, and in Polynesia in the manu- 
Compt rend. 1903, 137, 194; 1905, 140, 1601, facture of Tapa cloth. 

1645; 141, 49, 117, 261,328; 1907, 145,815, BROVALOL. The bornool ester of a-bromo 
929,1184,1343; 1908; 146,79; 1911,152,380, isovalurianic acid CJdgBr.OoOCioH,,. 

527 ; 1912, 154, 309 ; Bull. Soc. chiin. 1909, • BROWN, ACID, t*. Azo-OOLOuniMa mattjbrs. 

Liv.] 5, 31, 3S. 40; and rdsurn4 Ann. (3iim. BROWN, ANILINE; BISMARCK BROWN, 

Phys. 1912 [viii.J 27, 215-391 ; Wackemagel and MANCHESTER BROWN, PHENYLENB 
Wolffenstem, Ber 1904. 37, 3238 ; WillstUtter BROWN, VESUVINE, LEATHER BROWN, 
and collaborators, tbtd. 1904, 37, 2351 ; 1905, 38, CINNAMON BROWN, ENGLISH BROWN, or 
1772. GOLD BROWN ; v. Azo- ooLOUimro mattbbs. 

wFor tUc mltSf see Bamberger (/.e.) and BROWN, ANTWERP, v, Piombnts. 

Corrioz (Bull. Sci. Pharmacol. 1912, 19, 468, 527, BROWN, ARCHIL, v, Azo- coloubixo mat- 

633, t)02). The sulphate C,|H|gNa, HgSOg, TBES. 

5H|0 is official in the U.S.P., and forms hygro- BROWN, BONE, v. Pigments. 

scopic crystals becoming anhydrous at 100® and BROWN, CALEDONIAN, v. Pigments. 

melting at 153®. Crystals with 3 and with BROWN, CAPHEK, v. Pigments 

8H|0 nave also keen described. The salt is BROWN, FAST, v. Azo- coloubino matters. 

soluble in about an equal weight of water, less BROWN, FUSCANINE, u. Aminofhenol. 

BO in alcohol. It has been recommended as a BROWN, GARNET. The potassium or am- 

oardiao stimulant, but its action on the heart is monium salt of tsopurpurio acid (OgHgNgOgK or 
doubtful. Sparteine is much loss poisonous CgHgNgOg). Obtained by Hli^iwetz in 1869 by 
than coniine, which it resembles to some extent the action of potassium cyanide on pionc acid 
in action; it also resembles nicotine. For (Annalen, 110, 289). Forms a dark-brown 
colour reactions of sparteine, see Reichard (Pharm. powder, readily soluMe in hot water with red- 
Zentr-H. 1905, 48, 385). The amount present dish-brown colour. Dyes w-ool and silk brown 
in broom tops varies considerably with tlie in an acid-bath. No longer is use (v. also 
season of the year. There is a well-defined IsoPUBPUBio acid). 
maximum in March and minimum in August BROWN, MADDER, v. Pigments. 

(Carr ana Reynolds, Pharm. J. 1908 [iv,] 26, ' BROWN, NAPHTHYLAMINE, r. Azo- 

642 ; Chevalier, Compt. rend. 1910, 150, 1068). . coloubino mattbbs. 

The former authors found 007 to 106 p.c. BROWN, PHENYL,'* v. Phenyl shown. 

in commercial specimens, and in specimens i BROWN, PICRYL, v. Piobyl bbown. 

from the same locality 0’Q3 p.c. in March, I BROWN, PIGMENT, v. Azo- ooloubinq 

007 p.o.*ih August. ChevaUer states that the ! mattbbs. 

alkaloid wanders into the fruit in‘ the following , BROWN, PRUSSIAN, v, Piombnts. 

S , mature seeds containing I '1 p.o. Valeur i BROWN, RESORCIN, v. Azo- coloubino 

texend. 1917, 164, 818) has baM a method j mattbbs. 

I estimationjon the decrease of solubility in ’ BRO WN, SOUDAN, v, Azo- coloubino 

water of the free bas^with rise of temperature. ‘ hattbbs. 

8MoarlneCMH,o0.9,5HtO, m.p. 202®-219® | BROWN, VANDYKE, v, Piombnts. 

(aoooroing lathe rate oT heating), is a pale ydlow . BR OWN , VERONA, v. Piomnmts. 

powder separating ffom the aoueous dsoootioD | BROWN BERRIES. The fruit of Svbut 
as a jelly agd orystallising with difficulty from JhUieonu. 
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BROWH COAi v. Fusl. 

BROWN HAMATITB v. Iron, Obss or. 

BROWN IRON ORB {LivwmiU) v. Iron, 
Oris or. 

BRUCINE r. Nnx Vomica. 

BRUCITE. Native magnesium hydroxide, 
Mg(OH/s, found as platy oiy^tals with perfect 
micaceous oieavago, or as lamellar masses, m 
serpentine rocks, si Unst, one of the Shetland 
Isles, at Texas in Pennsylvania, &o. It some- 
times contains a small amount of iron (ferro- 
bruoite) T>r manganese (manganbruoite). A 
fibrous variety is c^ed nemalite. L. J. S. 

BRUNSWICK BLACK is premred by fusing 
2 lbs. of asphalt, and mixing thoroughly with 
1 pint of hot boiled oil. When cool, 2 pints 
of turpentine are added to the mixture. A.n 
inferior but cheaper black may be made by 
boiling gently together for five houis 25 lbs. 
each of black pitch and gas tar osphaltum t 
h gallons of linseed oiL and 10 lbs. each of litharge 
and red lead are then mixed in, and the whme 
boiled. After cooling, the mixture is thinned by 
the addition of 20 gallons of turpentine (u. also 
Boxra oil). 

BRUNSWICK GREEN. An oxychloride of 
copper, used as a pigment. Copper filings or 
tamings are moistens with a solution of sal- 
ammoniac, and left in contact with the air ; the 
oxychloride so formed is washed of! with water, 
and dried at a gentle heat. The term is also ap- 
plied to chrome green and to emerald green 
(v. C’nrrKR and Piumknts). 

BRUSHITE. A hydrated phosphate of lime, 
HCaP(»4,2H,C, oicurring in the guano of Avei 
Island and Sombrero in the Caribbean Sea. 

BRUSSELS SPROUTS. A variety of the 
cabbage {Brassica oleracea), in winch numerous 
small hei^s are developed along the stalk from 
the axils of the leaves, instead of one terminal 
head. 

The edible portion contains, according to 
American analyses : 

Water Protein Fat Carboliydrates Adi 
88*2 4-7 1*1 4*5 1*7 


essential oil of characteristic odour ; a colourless 
crystalline neutral substance, CsoHmO. (m.p. 
2^®-222®) ^’6® ; an amorphous glucostoe 

of a brown colour and bitter taste, w^ich on 
hydrolysis yields a brown resin, and a sugar 
forming d-phenyklucc^one (in.][^. 208®-210^) ; 
an amorphous aUtaloidgl principle, brownish- 
yellow in colour, and of an intens^y bitter taste. 
From the resin may be prepared (i) a phy tostorol, 
CtrUja (m.p. 137®), optically inactive; (li) a® 
dihydiio ^cohol, bn/bnol, Ca|H| 40 |((.)ll)g 
(m.p. 210^-212®), yielding a diacvtyl derivative 
(m.p. 152®) ; (ill) a mixture of fatty acids, 
consisting of oleic, linolie, palmitic, and stearic 
acids. firyoQol appears to oolong to a group of 
diliydrio alcohols of the gonft'al • formula 
HHn-gOa, comprising: ipurganol 
C.iII„0,(OtI), 

grindelol C|aHgaOa(0|J)a, and • turciirbitdl 
Ci 4 H, 40 j(()H),. The bryonin of previous in- 
vestigators consisted of complex mix lures. Tlio 
activity of bryony root cannot be atrributed to a 
single dofinilo principle, its ])urgutivo OTiuierty 
resides chiefly in its resiflous and alkaloidal 
constituents f Powder and Mooi’c, Chum. f3oc. 
Trans. 1911. 09. 037). 

BUBULIN (from ox). The name of a 
(leouliar 8ubBtanoei|Baid by Morin to exist in oow- 
dung, and to bo procipitiitud by motallio salts, 
tincture of galls, and alum, ana therefore to be 
active in the application of cow-dung to i^ioo- 


'"Wk 


(see C'abbaoe). 
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BRYOIDIN i\ Oleo RESINS. 

BRYONY ROOT. Bryony root has been used 
medicinally from a very remote period on 
account of its cathartic pronerties, and was 
formerly recognised by several of the national 
Pharmacopoeias, Ibut id now rarely employed. 
The plants yiel^ng this root are Bryonta alba, 
Linnd, and Bryonia dtoica, Linn6 (Nat. Ord. 
Curcurbitaces), which are botanically closely 
allied. They arc indigenous to the greater 
part of Europe, but the last-named species is the 
only one of the genus* commonly found in this 
country, and, therefore, is frequently designated 
as English bxyony. The roots of the two 
species are generally considered to possess the 
same properties, and they appear to be indis- 
oriminately collected, although it has been 
asserted by Betiesco (United States Dispensa- 
tory, 18th ed., p. 279) t^t th^ differ appreciably 
in their physiologioal action. The roots of 
Bryonia dwica contain an eiu^me as ^a light- 
brown powder, which slowly hydrolyses the 
ghiooeidie in ttih ioot» and also effects the hydilb- 
lyns of amygdalin and sslioin. The oloohdlo 
sxtiaot of the dried root yields yqUov 


BUCHU V . Oils. 1 <^ssmtial. 

BUCHU ¥>r BUCCO. 'I'lio Tcavos of three 
varieties of Baroama (ord. Kutace.e), viz. B, 
helulina (Bartl et Wendl. fX B, crenufafa (Hook.), 
and B.aerraiifoha (Willd.JJare known under this 
name. The leaves are used medicinally by the 
I South African natives. • • 

i Their composition has been studied by 
* Brandos (Arch, d, N. Apoth. Vcr. 22, 229), 

; Landercr (Buchner’s Ri'pcrt. 84, 63', Kliickigor 
I (Pharm. J. 3, 4, 689 ; [3] 11. 219), Wayne {tbid. 
i 3, 6, 723). By extracting the loaves with light 
j potrolouin, Bialobrzesli ((ihem. Zentr. 1896, if. 
*551) obtained chlorupiiyll, a resin, and an 
' ethereal oil containing ehietly diimphenol, 
j together with a terpono C,„1I. b.p. 174 -176®, 

I and a ketone isomeric with monthone, and 
I having the conutitution CinHj^O, b.p. 206®- 
I 209® ; it yields an oxinio and a tribrom deriva- 
. tive. After extraction with light petroleum, 

. the leaves, on treatment with cold alcohol, 
yield 3 p.c. of a brownish-g^recn bitter resin 
insoluble in bonzono, and wnon the alcoholic 
I extract is treated with sodium ci^boaate or 
i by other methods dioaniin is deposited, forming 
tasteless, odourless crystals, m.p. 244®. 

Scmmler and McKenzie (Jicr. 1906, 1168) 

, found that the round leaves of Baroama beiulina 
. yield about 2 p.c. of an oU which cmtaliisos oif 
» standi Dg at ordinary temperature ; Hrot the long 
I leaves oT BeAosma aemUtJoUa yield 1 p.o. of an 
oil which remains liquid under similar conditions. 

According to Kondakoff and I^phtschJbw 
(J. pr. Cbcm. 1001, 63, 49), the best oU of 
bucco or buohu l^veif contains 10 p.c, of 
hydrocarbons, ootsisting of a variety of d- 
limonene and dipentedi; 60 p.d. of a ketone 
CjoHj.O, [«]», -16®6\^b.p. 208-6® - 209-6®, 
whlo^ OB rednotlot, yieldsa mental not identi- 
cal with fhe natu^ product ; 20 p.c^ of dtes- 
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Vltcnui : 5 p.o. of resin ; and 5 p.c. of other . 
constttuoots (KondakofI, J. pr. Chem. 1896, 
64, 433). After removing diosphenol from the 
oil of bdchu leaves, Tschugacff sncceeded in 
obtainiflg xanthogenide derivatives of d-menthol 
from a fraction of the residue (J. Russ. Rhys. 
Jhom. 8oe. 1910, 42,f^714; Skovortsoff, ibtd. 
i. 55). Diosphenol o];J buchu camphor (BiaJo- 
brzeski, l.e. ; Kondakoff, /.e. ; Sommler and ! 
MuKen/ie, Lc, ; tiemmler, Chem. Zeit. 1906, ' 
}0, 1208; Kondakoff, Chem. Zentr. 1006, il 
1252 ; Chem. Zeit. 1900, 1090, 1 100) is optically , 
naotive, has m.p. 82^, b.p. 109^-1 lOV 10 mm., I 
232V755 mm. Its oompositioa is probably! 
GioHf.Ot. It is a phenolic aldehyde, yielding | 
in oxime, m.p. 160° (Sornmlcr and McKenzie, 
125°). •\Vltlr hydrochloric acid it yields thymol 
ind a little carvacroL With hydriodic acid it, 
)rields a hydrocarbon C,(,lf^oi 1><P 165°-'168°/762 
min.; whili^t with ^iMulium in alcoholic solution 
it forms (1) a menthol* (2) a crystalline glyi-oi 
JiuH|g(OH), m.p., 92°; and (3) an isf)mcrio; 
{lycol, b.p. 141*5°-146°/13 mm. With alco'l 
kolio pptash, a hydroxy acid of the torpeno 
lerie^, m.p. 04”, is obtained. This acid has been 
lynthosiscd, and is identical with the natural 
[iroduct. The dibroinido CjoU| 40 |Br| and, 
>ther derivatives of diosphonol have also been ' 
obtained. I 

BUCKTHORN {lihamnus catharUca jLinn.)). 
L'his plant is a native of England ; it grows 
’jO a Jioight of from 16 to 20 feet ; its flowers 
^re greenish coloured, and its berries four* 
ioedi^. The juiee of these when in un unripe 
itate has the 4 colour of luiilroii^ when ri[)o 
ind mixed with alum, it forms the sap or 
t)la<ldor*grecn of the painters (ti. ITombnts); and > 
,n a very ripe state the berries afford a purple j 
3olour. The bark also yields a tine yellow, 

berries of the iihatnniM carthurtica (also I 
known as Hungarian liorries) have been examined 
by Tsohirch and Hoiacco (Areh. Pharni. 1900, 
238, 409), and evidently contain substances 
diomioaliy distinct from those which are present | 
n Persian berries. ^ ! 

Ether extracts from an aqueous extract of| 
ho berrt4» rhamnocUrtn, rhamnoluiin, rhamno - ' 
sArpsm, and the residual watery liquid on boiling ' 
rivitb dilute sulphurie acid gives, in addition to : 
'hamnooitrin, ^-rhamnocUnn. The berries al- 
'eady extracted with water coiituia rhamno 
inoain and rharnmnufrin, 

Rkamnoextrin 0, yellow needles, molts 

it 221°-222”, and is solublo in alkaline solutions, | 
with a yellow colour. AlcohoLiu lead acetate 
;(ivo8 an organic coloured precipitate, and forrio 
ihloride a** green colouration. The solution ini 
sttlphurio acid possesses an intense green ’ 
fluorescence. ' 

7V»ncely/rAamfiocilrinC|«M,04(C|H,0)fformB 
'colourless needles, melting at i99°-200°. 

Rhammtritrin appears to te a dtAydrofnAy- 
iroxyxanihon%, and probably possess w the follow- 
ing constitution : — 

a OH 0 
HC.' 


It dyes with iron mordant o§ green- brown, and 
I with alnminium mordant a bright yellow colour. 
I RhamnoiluUn snull canary-yellow 

needles, melts above 26(r, and gives with lead 
acetate an orange-red precipitate, with ferrio 
chloride a green-black colonration. Itsaulphuric 
ackl solution posseses a strong green flusrescence. 
Tetraaceiiflrhamnolutin C,.H*0 (C|H,0)4, colour- 
less needles, melts at 18^- ^83°. 

Rhamnoluiin dyes aluminium- and iron- 
mordanted fabrics respectively canary-yellow 
and green-brown shades. It appears to be a 
teirahydrozyfiavone, isomeric witn luteolin and 
fisetin. 

fl - Rhamnoeiirin C, loO. is sparingly soluble 
in alcohol and acetic ao.d, out is distinct from 
rhamnetin (CitHioO^ ?), and does not contain 
metboxy- groups. It melts above 260°, and. 
generals speakmg, its reactions are the same as 
those of rnamnocitrin itself, but, on the other 
hand, it possesses stronger dyeing property. 
Dtactttfl $ rhamnociir%n C,,H« 0 s(C,H 30 ), forms 
colourless needles melting at 10()°-19I°. 

jS-Iibamnocitrin, according to Tscliirch and 
Poiacco, appears to resemble very closely the 
jS rhamnetrin of Schutzenberget (tee PebsiaM 
BIURIES). 

Rhamnoetnodin CjftH.qOj, m.p. 264°-265°, 
is similar to frangula etnoain (R. frangtUa) which, 
according to Oesterle, melts at 250°. 

Rhamnonignn is converted by boiling with 
nitric acid into chry^amminic acid, and by 
digestion with boiling alcoholic potash into 
emodin. 

The alder buckthorn (Rhamnus frangula) 
grows naturally, and is very abundant in woods 
und thickets, in some parts of Britain. The 
berries of this species are often substituted for 
those of the above ; but they are easily detected, 
since they contain only two seeds. In a green 
state they dye wool green and yellow ; when 
ripe, bluish-grey, blue, and green. The bark a Iso 
dves yellow, and, with preparation of iron, block 
(Lawson) 

Rock buckthorn {Rhamnus saxatilis), yields 
berries w'hicb are used to dye morocco leather 
yellow. These, in common with the narrow- 
leaved buckthorn berries {R, alatemus (Linn.1) 
and those of the yellow-berried buckthorn (/c. 
infecloriua [Linn.]), are sold as Avignon berries. 
Tne wood of the Rhamnus tryihroxylon (which 
is a native of Siberia, but grows freely in this 
climate), in a ground state yields the bright- red 
colour known to dye'rs unclef the name of 
redwood, A. G. P. 

BUCK WHEAT {Fagopyrum tsculcnium 
f Mooneb.]) is grown mainly for poultry and also 
for pig- and cow -feeding in Europe. Its flowers 
furnum excellent pasturage for bees. 


I flowers 
Kellner 


furnish excellent pasturage for bees. Kellner 
gives the analyw s on opposite page. 

Buckwheat, after soaking in water, furnishes 
excellent food for cattle and pigs, though not 
veiy suitable for young animals. 

The globulin of buckwheat has the composi- 
Uon: 0 51*69, H 6*90, N 17*44, S 1*16, and 
O 22*81. It oontains about 13 p.c. arginine, 
0*6 histidine, 7*9 lysine, and 1 p.c. cystein and a 
•mall amount of tryptophan (Johns and 
Ghsmoff, J. BioL Chem. 1918, 34, 439). 

^e starch of buckwheat occurs in rounded 
dtnguiar grains of small sae, shewing a distinct 
bilum and tendency to agglomeratsw 
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— ? ' Water ; Froteln , Fat * 

Seed 141 11*3 2-6 54-8 14*4 *. 2-8 

Fine meal .... 14-7 8*6 1-9 72'6 0-8 1-4 

Coarse meal. ... 12-0 318 8-4 38*3 4*8 4*7 

Fine bran .... 12*0 16-2 4*5 00 0 • 11-3 7*0 

Coarse bran. . . 16*6 8-0 1-8 34 * 2 • 37*8 2-8 

Husks . . 4 . . 13*2 4-6 M 30*4 43*6 2*2 

Straw 16 0 4*8 1*2 34*6 38*2 6*2 

Whole plant, in dower . . 83-7 2-5 0*6 7*8 ^ 4*3 M 

„ „ hay. . . 140 10*5 2*1 36*6 31*4 6*4 


The flour is largely used in making buck- 
wheat cakes, popular in America, but rarely met 
with in England. H\ 1. 

BUCURUMANOA RESIN. A fossil resin, 
occurring in an auriferous alluvium near Bucuru- 
manga. New Uranada. It is light-yellow, trans- 
parent, somewhat heavier than water, becomes 
strongly electric by friction ; is insoluble in 
alcohol ; swells up m ether, becoming opaque ; 
melts when heat^ ; burns in the air without 
residue. It resembles amber in outward appear- 
ance, but does not give succinic acid on dry 
distillation. It contains 82-7 p.c. C, 10-8 p.c. H, 
and 6‘50 p.c. O (Boussingault, Ann. Cbim. Phys. 
L3J 0, 607) (V. Besiks). 

BBFAGIN t>. Bufotalin ; and Toad venom. 

BUFFALO RUBIN c. Aeo- coloukiko 

MATTEBS. 

BUFOTALIN, the poisonous principle of tlio 
toad, (.'nil 1404 , m.p, 148® (decoinp.) [a )^6 f 5*4®, 

18 a crystailmo neutml Hubstance. Alkali con- 
verts it into the unsaturatcd hujoUilic aad, 
proving bufotalin to be a lactone. The other 
two oxygen atoms are present as alcoholic 
hydroxyl groups. It dissolves ui cuneentrated 
smphuno acid with an orange red colouration 
which becomes deep red on standing, and shows 
a green fluoreseeucc, (’oncentrated hydrogen 
chloride in the cold eliniinutcs 2 inols of water, 
forming a paie-;veilow crystalline compound 
biifdtalitn ni.p. 210®. Acetyl- 

bufotalien separates 111 lustnius, yellow platelets 
grouped in rosettes, m p. 18*4® (decoiiip.). 

Bufotalin is not identical with haf/tgin 
O14H44O4, obtained from tiie panjpjid gland of 
the tropical toad Hufo Agua by Abel and 
Macht (J. Pharmacol, and expt. Thor. 1912, 
3, 319). This b' also.dextrorotatoiy ( + 11®). 
sparingly soluble in water, m.p. 2l7®-2!8®. 
(Wieland and Weil, Ber. 1013, 40, 3315). 

The Chinese drug ' senso,’ prepared from 
toad skins, appears to contain bufagiii, associated 
with cholesterol, together with adrenaline and 
bufoloxin, a member of the picrotoxin group of 
poisons (Shimizu, J. Pharm. Expl. Thor. 1016, 
8, 347). V. Toad venom. 

BUHRSTONE or BURRSTONE. A hard, 
tough rock consisting of chalcedonic silica with 
a cellular texture, especially suitable for use as 
millatonea for grinding com, paints, Ac. It is 
white, grey, or creamy in colour. The best 
stones are from the Tertiary strata of the Paris 
basiD, and have originated bv the silioification 
of fr^-water limestones, the cellukr spaces 
represeotixm tbe oasts of fossil shells and '^kf^ra 
•SMis. L. J. S. 

BUnLNMROm, Tbs stssptial qnaUtiss 


of a building stone depend on its physical 
characters rattier than on ehemioal eomnositioii. 
Nevertheless, the broad elassiliuatlbn qf })uilding 
stones has a chemical basis, viz. : — 

Sandstowii and Onts, ^tu posed largely u! 
sihea in the form of quartz grains. 

Limtatonea and MarlMea, consisting of calcium 
carbonate, sometimes with magnesium carbonab*. 

Slatea, consisting largely of secondary 
aluminium silicates. % 

Igmoua Hwka (iiicliid^g granite, s^foiiite, 
diorito, gabbso, porphyry, pornliyrito, (loloriU>, 
diabase, rhyolite, aiidesiU*, basalt) composed of a 
dense crysiallino aggregate of elosoly interlocking 
grains of hard siycaio minerals, somotiines with 
quartz. 

A few other inisi^ellaneous roeks us(*<] os 
building stones ineliido tlint, sermntiiie. pot- 
stone, and iaU'iriU*. Each of these kinds of roik 
is coiiNidered under its respective heading. 

Allhoug]^ a large number* of analyses of 
building st4)nos are on record, those are of little 
fUrect value in estimating the quality of a stone. 
Thoy are, hoaever, usofiA in indicating whether 
a liincHtone is doloriiitio (i.e. containing ningnosia) 
or clayey in eharaetor, and in Udkig the nj^turo 
of the cementing niat4;rial in tho case of saiul- 
stonos. A simple tost with acid is often useful 
111 helping to it*cogiiiMo a limestone, otlierwiso 
there is usually not much diflicully in allotting 
ditlereiit stones to their main chisrios. (’olour 
and change of colour on 'pat hering are usually 
connected with tho amount and state of the iron 
present m the stone. 

In the decay of building stones m buildings 
the proeoswM mvolv«*tl are difTenmt not only in 
degree hut also m kind from those which take 
place in the weathering of rocks in atlu, as 
considered by geologists. Here chemical action 
is in general of less irniiortanco than that pro- 
diic(*d by mechanieal means, especially by tho 
action of frost and by (ixtreme alternations of 
temperature, and by tho organic a<*tion of 
lichens. Tho solvent action of pure rain-water 
IS insignificant for ail stones except alabaster. 
Carbonated water has a more pronounced solvent 
a(;tion on limestones and tho calcareous cement 
of sandstones. In the case of silicate rockf ^ tkdf 
action of carbonated water is extrdfbely slight, 
unless tho iblspars havo already been previously 
considerably altered by weathering tn atiu. In 
towns, however, the action of nilphuriAis, 

* Here the effect of altarnatkins of tenperatiire Is 
of much more Impudance owing to the oonjuiieUoii of 
minerals poMCMlni^lfferent coeflldants of ezpanshm. 
In nasslng It may also beAemarked uiat Imeous rocks 
(and also Jasper) are the only stones used for outelds 
deooiatioa whlcb are caMUe of retalaliig a soilaos 
poUsb. 
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■ftlphuric (hydrochloric and nitric) acids brought 
down by rain-water is of more importance, 
particularly in the case of limestones. The 
calcium rarbonate is converted into gypsum, and 
this crystallising with an increase m volume 
of slightly mo^e than double causes a disruption 
of the surface layers M the stone. (On the 
weathering of Portland stone and magnesium 
limestone in the Lrjiidon atmosphere, see £. G. 
Olay ton, Proc. Chem. ISoc. 1901, xvii, p. 201 ; 
W. Pollard, Sumin. o^ Progress, Geol. Survey 
United Kingdom, for IfKll, 1002, p. 83). Here 
also the rate of decay is governed more by the 
state of aggregation of uie calcium carbonate 
than by the chemical comxiosition of the stone ; 
a stone with a/)emcnt of mealy calcium carbonate 
going difich more quickly. The sodium and 
magnesium salts of sea-water blown as spray 
on buildings oftentliave a deleterious eifect. 
Stones contf ining nodules of iron-pyrites should 
bo rtMoctod, since this mineral is readily decom- 
posed, giving rise to unsightly stains and pro- 
ducing 7 £oo sulphurio acid which causes further 
injury tb the stone. 

Pi-esorvativL'H agdiiist decay include painting 
the surface with oU-coluurs ; or wturatmg the 
surface with a solution of sodium silicate, which 
may bo followed by treatment with a solution of 
calcium chloride. The carved stonework (lime- 
stone) of the Houses of Parliament and the 
Abbey at Westminster was restored by Sir A. 
Chur&i by the application of baryta water, the 
crumbly surface layer of gypsum being thereby 
converted into more resisting barium sulphate. 

The different kinds of artificial Ltone manu- 
factured for building pur])oscs are classified 
roughly by Howe (^e refeix'iices • below) as 
follows : — 

1. Stones made of natural rock fragments 
held^>ogethef by Portland or magnesium cement* 
E.g. * Pentuan stone ’ and oonerete. 

2. Similar stones subjected to a subsequent 
hardening process by treating with sodium 
silioate. Hero the action of the cement is 
modified and hydrated calcium silicates are 
formed which bardoif the stone. E.g. * Victoria 
stone ’ luado from the granite of Groby and 
Mount Sorrel, Jjoicostorshire, ‘ Atlas stone,’ and 
' Hard York non-slip stone ’ made from sand- 
stone. 

3. Stones in which granulated rock or sand 
is cemented with calcium carbonate. E.g. 
Thom’s patent reconstructed stone, many 
* Umo-sana * blocks, and pumice-, trass-, and 
poaxolana-limo stones. 

4. Stones in which more or less of the oalciiim 
carbonate ojment is replaced by calcium silicate. 

5. Stones oemonted by bituminous, asphaltic, 
or other orgaiiio substance. 

Eeftretices. — J. A. Howe, The Gool(^ of 
•building Stones, Loudon, 1010; J. Watson, 
Britirii anikYpreigu Building Stcsies, Cambridge, 
1911; H. Ries, Building Stonesi^and Clav- 
products, a handbook for architects. New York, 
1912 ; G. P. Merrill, Stones for Building and 
Bmratiofi, 3id ed., New York, 1903 ; J. lursch- 
wald. Die Priifung dq** naturiiohen Bausteine 
auf ihre Wetterl^Utndigkej^, Berlin, 1008; 
J. Hirsohwaldf Handbi;|;h der bauiechnischen 
OesteinsprOfung, BerUgi, 1012; W. A. Parks, 
Repoft on the Building and Ornamental Stones 
of Panada, D^t. Minee. OttAvra, 101^. Refer- 


ence may also be made to Cne petrographical 
text-boob of J. J. H. Teall, ^ Harker, and 
P. H. Hatch. L. J. 8. 

BULBOCAPNIIIE. Sec under CorydaUrte. • 

BUlfTKUPFERERZ(Ger.). Vari^ated copper 
ore. This term is commonly applied, ^ven by 
English mineralogists, to an ore of copper other- 
wise known as Bomite iq.v.), Erubesciie, Phillips^ 
lie, and Purple Copper Ore. • Called * horse-flesh 
ore * by the Cornish miners. L. J. S. 

BUPLEUROL. An alcohol found in the 
higher boiling fractions of the oil of Bupleurum 
fruticoaum. Optically inactive, sp.gr. 0*8490/ J 7®, 
»^=1*4508; b.p. 209®-210®/762 mm. Has a 
faint odour of roses. Contains one double 
Imkage and yields an urethane melting at 45®. 
Probably a dihydro-derivative of nerol of the 
constitution : 

(CH,)aCH(CH,),*C( : CH,)*CH, CH*OH 
(Francesconi and Semagiotto, Atti. R. Accad. 
dei Lincei, 1913, 22, i. 34, 148 ; J. Soc. Chem. 
Ind. 1913, 251). 

BURGUNDY PITCH or NORWAY SPRUCE 
RESIN. ( FirhlerUarr, Tannenharz, Gcr. ; Poix 
des Vosges, Poix blanche, Potx jaune, Barras, 
Fr.) The ream of Ptcea exceUa (Link.) purified 
by melting m hot water and straining. It is an 
opaque, yellowish-brown, hard, brittle resin ; its 
taste is sweet and aromatic. It is very soluble 
in glacial acetic acid, acetone, and alcohol. 
Used m malung plasters. It is much adulte- 
rated. The substance usually sold by this name 
in England is made by melting colophony with 
palm-oil or some other fat, and stirrmg in water 
to make the mixture oiiaquo (Morel, Pharm. J. 
[3] 8, 342) (V. REsms). 

BURNETT’S FLUID. A solution of zino 
chloride is commonly known as Sir William 
Burnett’s disinfecting fluid. It is used as a 
disinfectant and as a preservative of construc- 
tional timber. 

BURTON WATER CRYSTALS contain, ac- 
cording to Moritz and Hartley, 31*8 CaO, 40*4 
SOj, 1*04 Cl, 5*40 MgO, and 21-19 OH, (J. Soc. 
Chem. Ind. 2, 82). 

BUSH SALT. A light-brown or greyish 
lowdor prepared by the natives of Ssongea by 
ixiviating the ashes of the sedge, Cyperua 
Has pun, L. Contains 77*77 p.c. KCl, and 18*48 
K,S 04 , with traces of sodium salts and orgamc 
matter (Lenz, Ber. douts. Pharm. Ges. 1911, 21, 
270). 

BUSSORAH GUM r. Gums. 

BUTALANINE v. Vaunb. 

BUTANE %). Butyl- compounds. 

BUTANONE {Methykihylkelone) v. Ketones. 

BUTEA FRONDOSA. The Buiea Jrotulosa, 
also called Dhak or Pulas, is a fine trro, 30-40 
feet high, belonging to the order Leguminosai. 
It is common throughout India and Burma, and 
IS found in the North-West Himalaya, as far as 
the Jhclum River. The flowers, which in the 
dried condition are known as tisu, kwd, kesuda 
or paUs-k^ppdl, have a bright-orange colour, 
ana, although they are mnoh huger, closely re- 
semble in appearance the common gorse-flower 
{Ulex europoBuc), with which, indeed, they are 
botanioally allied. Large o'lantitiM of the 
fi6rwdte are collected in M aioh had April, and 
employed by the naUves to produce a yellow 
dye^ much ufbd durixi^ the * * festiyaL "The 
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dyeing operation, Vhioh ooiuitto in steeping the 
material m a hot or cold decoction of the flowers, 
is TutueUy a ptoceea of staining, because the 
colour can be readily washed out. On the other 
hand, a more permanent result is sometimes 
produced either oy first preparing the cloth with 
alum ana wood ash or by admng these substances 
to the dye-bath. 

From the Bitk^ frondom is also obtained 
the so-called ' Butea gum * or * Bengal ktno,* 
employed by the natives for tanning leather, 
ana the tree is of additional interest Realise in 
many parts of India the lac insect (Coccus keen) 
is rear^ upon it. This latter, as is well known, 
causes the formation of stick lac, from which 
shellac and lac dye are prepared. 

Butin C’ljHijOj. Tnc flowers are extracted 
with water, and the extract digested boiling with 
a little sulphuric acid. A light viscoub precipi- 
tate devoid of dyeing property separates, and 
thi.s is removed while hot aiuf tlio filtrate left 
over-night. The clear liquid is now decanted 
from a small quantity of tarry 8ul).stance, ami 
partially evaporated on the water- bath. A 
further quantity of a black viscous precipitate 
thus separates, and when this has been removed 
the filtrate^ after some days, depuHiis crystals of 
the colouring principle. For purification the 
product is dissolved in a litUo alcohol, the 
mixture poured into other, and the solution well 
washed with water. The liquid is evaporat<‘d, 
and the residue repeat<*dly crystallised from 
dilute alcohol (IVrkin and lliimmol, Ohem. Soc. 
Trans. 1904, 85, 1459), 

Butin crystallises from alcohol in colourless 
needles with m p. 224'*-22<i°, and from 

water in pale-yellow needles with 2 H 2 O; dissolvoB 
in alkaline solutions with a pale orange reii tint, 
and gives with alcoholic acetate of load a faintly 
yellow almost colourless precipitate. Jt forms 
a triacHyl derivative colour- 

less leaflets, m.p. 129°- 125°, and a/nbensoy/ com- 
pound colourless needles, 

m.p. 155°-157°. On fusion with alkali at 200°- 
220° butin gives proloccUcchttic tirid and resorcinol. 

When butin is boiled with dilute potassium 
hydroxide solution, the pale-eoIourc<l liqual 
becomes much darker, and on acidifying an 
orange crystalline precipitate separates which 
consists of butein. 

Butein CisHiiOg.HsO, neecJles, melts at 
213°-215° ; dissolves in alkaline solutions with 
a deep orange- reu colour, and with alcoholic lead 
acetate gives a deep-r^ precipitate. Acetyl- 
huiein C, 4 HX),((;*H 30 ) 4 , pale-yellow needles, 
melts at 12tt°-i:U°. 

When fuseil with alkalis butein gives resor- 
cinol and protoccUechuie acid, whereas by tlio 
action of jailing 50 p.c. potassium h^^droxide 
solution, protoccUechuic ac*ia and resacetophenone 
are produced. 

By methylation with methyl iodide butin 
gives buiin trimethyUther CisHfO^OCHsla, 
colourless plates, m.p. 1 19°-12l°, and airo butein 
trimeiht^Her C|aH902(0CM,)3, yellow leaflets, 
m.p. 155° -158°. In a similar manner, butein 
yields not only butein trimethylether, but also 
butin trimethylether. 

The constitution assigned to butein by Perkin 
and Hummd u that of a teirahffdroxybemytidvne 
aeeAophenone {tetrahf/droxyeJiolkone) (1), and to 
butin that of the corresponding ^nauone (2) : 


(I) 0h/'Y)1I 


OH 


00 — CH-<!H— 

( 2 ) 

and that those formiilie are corrt'ct has been 
establislied by the synthesis of butein and butin 
trimethylethers by these authors. Thus by the 
condensation of resaeetophenono* mon^methyl- 
ether with veratrio aldehyde, butein trimethyl- 
etlier (1) is produced : 

QCH, 

I. och/"\-oh ‘ /Aocu 

'--CO— CH«CH— 


\/ 




II. 


ocn; 

OCHaAV-O— CH— \Ot3H, 

I I 

I A*^X)— CH, 


and this, when 'digested with hniling dilute 
glcoholic sulphuric acid, a method devised by 
V Kostanecki and iiis colleagues (Bor. 1904, 97, 
784, 773, 779), gives butin trimethylether (II). 

Somewhat later (Her. 191 1,44,3502) Cfischkor 
and Tamhor jirepared butein ^-solf by treating 
protocatecliiiic aldehyde and resacotophonono 
in boiling alcohol with potassium hydroxide 
solution and found this > to be identical in all 
rcspcf ts with the natural product. Tiniein 
methylrthrr, yellow needles, m.p, ,185°, 3' : 4'* 
buiem dimethylrthr ^ yellow prisms, m.p. 203’, 
and huteifi leirnmethylelher (Her. 1012, 45, I8fi), 
colourless needles, m.p. 89°, were also dosoribeci, 

Biit^un itself is also converted into butin by 
means of dilute alcoholic sulphuric acid, and the 
butin can again bo transformed into butein by 
the action of potassium hydroxide solution. 
With alcoholic potash butin trimethylether also 
gives butein trimethylether, and these changes 
are readily explainer if it is assumed that the 
intermediate compound or its triniothyl other 

OH 

oh/^'^oh <;h(OH)— /'^oh 

I J-CO-CH, 

is the first prrxluct of the reaction I.i each case, 
and that this Hiibsequently, by loss of water, 
passes into cither ehalkono or flavanono, or 
Doth. 

When butein dissolved in aoetio acid '' 
treate(i with a 'ow drops of sulpb** !c acfu;' and 
the Bolutio'" is boiled, a new substance gradually 
separates in the form of crystals, which possess 
a beetle-green iridescence, and dissolver in 
I alkaline solutions with a deep-blue colour. The 
acid liquid decanted fro/n the crystals, on dtlu- 
’ tion with wate*> gives a brown precipitate 
' soluble in alkalis with ^ , bluish- vf >let colouration, 
: which dyes mordanted calico shades of a similar 
character to those yielded by anthragallol. Tt 
I appears probable chat this more soluble substance 
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roprcAentM the first prodact of the reaction, and 
is subsequently converted into the green 
iridescent bompound. A consideration of the 
formula Of butein renders it unlikely that these 
near substances arc anthraqiiinono derivatives ; 
on the other hbnd, it i| suspected that bv loss 
of water ring formatioix takes place, ana that 
an indono derivative ot the following type is 
first produced : — 

HOr^, ^OH 

IJ^Jh 


2. Ethyl-acetylene CHa*CHt*C;CH. Obtained 
by treating methyl ethyl ketme with alco- 
holic potaA and phosphorus pentachloride, or 
by passing acetylene and ethylene through a 
r^-not tube. Forms a tetrabromidc, m.p. 1 13^. 

3. Crotonylene CHj'CiC’CHj. Obta'ncd by 
acting on butylene bromide or di-bromo-butane 
with alcoholic potash, or by distilling barium 
acetate with sulphur. Dilute sulphuric acid 
converts it into hexa-mothyl-benzcne. 

A butinene is also formed by the destructive 
distill ation of caoutchouc. 

BUTTER. Butter is the fatty product pre- 
: pared from the milk of the cow. When similar 
substances are obtained from the milk of other 


Biitiq butein dye mordanted woollen 
cloth identical shades, though os biitm gives 
with an alcoholic' lead acetate a practically 
colourless precipitated, it is not to be regarded as 
u colouring matter. Ir/ other words, butin is 
merely a colouring principle, and is converted 
fluting the dyeing operation hy the action of 
the morijint into the colouring matter butein.^ 
The fdllowing, shadow arc obtained : — 

Chromium Aluminium Tin Iron 

Keddlsh-brown lirick-rod Full yellow DriiWnish-black 
and these are strikingly similar to those yielded 
hy some of the hydroxyben^.yli(lenecoiiniara- 
iionoB artiftcially prepared by Friedlander and 
Kudt (Bor. 181MI, 2{). 879) (wr above). • 

'riiy butea flowers contain but a trace of 
free butin or huteiii, and the glueoside present, 
which has not yet boon isolatt'd, is probably 
that of hut 111 '"hiH glueoside does not decom- 
pose readily during the dyeing process, hence the 
flowers do not (l>c mordanted cotton. In wool- 
dyeing, where ncid-batJ.H arc employed, a bettor 
result is obtained, altliough in this case the 
shades poss<r<s but little strength. If the 
glueoside is first hydrolysed by boiling the flowers 
with dilute hydroeiilono acid, or if sulphuric 
acid 18 employed, and the acid then neutralised 
with sodium carbonate, on evaporation a 
material is oiitainod which readily ayes by the 
usual methods. Such products give the follow- 
ing shades : with chromium, deep terra-cotta ; 
with aluminium, a bright orange ; with tin, 
bright yellow ; and with iron, a brownish-olive. 
The oKromiiim colour is characteristic, and is 
much rodder in tint than that yielded by any 
known natural yellow dye. A. O. P. 

BUTEA OUM. Thu juice of Butea fromtosa 
(Roxb.), often sent into the market instead of 
genuine kino. Tt forms black- brown, slightly 
lustrous, brittle lumps, has an astringent taste, 
and yields pvrocatocnin by dry distillation. V. 
Kino. i 

BUTINENES ( «H«. I 

1. Erythrenct vinyl-tthylene or pyrroUne, 
OH, : OH *011 : CH,, c^curs in coal-gas and is 
to bt> formed by passing fusel-oil through a I 
rod-hot tuiM'. Obtained by boiling erythrito ! 
with strong formic acid or by the action of | 
potassium hydroxide on di-methylpyrrolidine | 
meitiyliodi^e. Also by condensing acetaldehyde 
with ethyl alcohol in presence of alumina or other | 
catalyst Forms a tetfUbromide, m.p. 110^. 

* This result tas been cc'tlclsed by CMsohker luid 
Tanibor. wlui by the emplo'^menf of mordanted calico 
obtained from butin very weak shade''. It Is, however, 
certain that by use of mordan* 'll wool a eonvertdon 
ot bnUn In^ butein ocours. 


mammals, their origin is indicated in the descrip- 
tion, e.g» goats* butter, buffalo butter. Fatty 
food substances of vegetable origin and similar 
to butter in consistency are also sometimes 
described as butter, but with a prefix, as vege* 
table butter, cocoa-nut butter. 

Butter consists of milk- or butter-fat, with 
w'atcr, and small quantities of milk proteins, 
lactose, mineral salts, and natural colouring 
matter. The proteins and lactose, together 
with the mineral matter associated therewith, 
are spoken of coUoctively as curd. Commercial 
butter may also contain common salt, preserva- 
tives, and colouring matter, added during 
manufacture. The added salt and preservatives 
are not included with the curd in giving the 
composition of butter, but are separately esti- 
mated. 

Fat exists in milk in the form of minute 
globules in a state of suBpension ^in the milk 
serum. In tlio process of churning, the fat 
globules coalesce, producing irregularly-shaped 
granules of butter. These are strained from the 
serum, or butternnlk, washed with water, and 
w'orked into a mass on a table by means of 
mechanical rollers, or, as m older processes, by 
hand. Salt, preservatives, colouring matter, 
are added, if desired, after washing tne butter 
granules with water. 

As regards the influence of salt on the 
changes taking place in storage it has lioon 
found that unsalted butter in eommcreial cohl 
storage keeps as well os, or bt'tter than, salted 
l)utt<*r. Aecording to Washburn and Dahlberg 
(Bull. Agnc. IntelT. 1918, 9, 998). salt, exclusive 
of its antiseptic prcqierty, hastened the detenorn- 
tion of butter; when stored at —25* ( — 15® F.), 
unsalted butter kept as well as salted butter, 
and the bacteria clecreased more rapidly. On 
the other hand, they, as well as the acidity, 
increasefl more rapidly in the iin.salted butter 
at ordinary U‘iU|KTature8. 

According to D. C. Dyer ( J. Agric. Research, 
1015, 5, 927) the unpleasant navours which 
develop in butter during cold storage are 
produced by chemical change in non-fatty 
ingredients. 

Milk may be directly churned for the purpose 
of obtaining butter, and, in some remote 
districts, this process is still followed. It is, 
however, usual to chum cream, that is, the fatty 
layer which rises to the surface on allowing milk 
to stand or on subjecting it to centrifugal 
action. 

Cream may be churned in a fresh condition 
before souring has taken place. In such a case, 
the period of, churning is longer, and the opera- 
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tiofi mniit hft CAirild out at a low^r temperature 
than when ripened cream or milk is employed. 
It is therefore usnal to chum ri]>cned cream. 
The ripening may be effected by standing the 
cream, and is accelerated by the addition of a 
little buttermilk or pure culture starters con- 
taining suitable bacteria. The taste of cream 
18 affected by certain moulds (Oidium laciie, and 
P, thryMigtnnm), add the enzymes secreted by 
them may develop abnormal flavours in the 
butter. Mould spores do not germinate or 
grow in butter. 

Various views are held as to what takes 
place during the operation of churning. Fleisoli- 
mann (Book of the Dairy, 150) states that * the 
milk-fat is converted from fluid to solid condi- 
tion by the shaking which it un<lcr^oe8,' that is, 
that otiuming results in the solidification of fat 
which in milk is in a superfused condition. On 
the other hand, Richmond’s results (Dairy 
('hemistry, Ap. 339) would indicate that the 
fat before churning may be in a solid condition. 
Whether fat as present in milk is surrounded 
with some form of membrane (Bdehamp, Storoh) 
or with a thin watery covering (Fleischmann) 
the mechanical operation of churning app^rs 
to rub away or remove the protective coating, 
and thus enable the milk globules to coalesce, 
forming butter. As to the theories regarding 
the structure of the fat globules in milk, arc 
papers by Storch (Analyst, 1807, 22, 197), Beau 
(Revue Udadrale du ^.ait, 2, 15, 1903), and 
Richmond (Analyst, 1904, 29, 186). 

The quantity of uater remaining in finished 
butter is governed by the conditions of manu- 
facture. (’hurrung at too high a temperature 
renders the reino\al of excess water during 
working difficult. It results in over- worked or 
* greasy ’ butter ; or butter with an excessive 
quantity of water. The maximum limit per- 
missible in England for water m butter is 16 p.c. 
(’anada, (Queensland, HoUami, have the same 
limit. V'lctoria has 16 p.c. ; (icrmany, 16 p.c. 
for salted, and 18 p.c. for iinsalted ; and Belgium, 
16 p.c. 

I'he proportion of curd may vary from 0*2 
to 2*0 p.o. according to method of manufacture, 
lower quantities l^ing present whore freshly 
separate cream is churned than in the case of 
ripened cream. Well-made butter rarely con- 
tains so high a quantity as 2 p.o., and where this 
quantity is found, examination should bo made 
for the presence Oi added non-fatty milk solids. 
The Government Laboratory has found (Jour 
Board of Agric. 1912, 19, 760) the quantity of 
curd in imported butter to range from 0*4 to 
1-86 p.c., average l-()4. Out of 366 samples 
only 11 contained more than 1*6 p.c. of curd. 
Butter taken from factories in Great Britain 
ranged from 0*34 to 1*86 p.c., in Ireland from 
0*63 to 1*87 p.c. No limits have been fixed 
as to the non-fatty milk solids permissible in 
butter, but the Butter and Margarine Act, 1907, 
rives power to the Board of Agriculture and 
Fisberies to make rmJations on the TOint. 

Van Slyke and Hart (J. Amer. (&em. Soo. 
1005, 27) state that when 0*5 p^c. or over of 
lactic acid is in the cream, the casein is present 
in the butter as casein lactate, but in butter 
made from swe«»t cream as calcium oasetn. /hty 
also make suggestions with xegard to the 
relation between casein compounds^d mottled 


butter. Richmond (Analyst 1900, 31. 178) has 
found the average amount of casein to be 
0*38 p.o., and not to ezceeii 0*6 p.o. » 

The mineral roattet in butter (to which no 
foreign substance has boon addeil during manufac- 
ture) consists of tlm inorganic 8ubs|anct^s derived 
from the buttermilk onclflacil within the butter 
granules, and from tiio eftsoous maft-i'r odhering 
to tho fat It is really tho ash of tho curd, or 
the non-fatty milk solids of tho butter. • 
When butter is heated, the fat incite and 
separates from the aqueous, ounly iiortion. 
After allowing this to softie, tho fatty layer is 
filtered through a warm funnel, and the fat 
obtained as a clear oil, usually of a yellow colour, 
but under certain conditions alniqpt colourless, 
sotting to a granular cryHtiillino ma.ss. * Tho fat 
so obtaitictl consists of giycerulcs of fnttv acids 
together with tho natural •r added ool[ourin||; 
matter, if any, of tho biit4er, and sonfe unsapoii). 
fiable substances, e.ff. cholcKterol, associated with 
the natural fat. The total quantity of tke 
I ansa{X)nilial>lo matter does not excewL 0-4 p.c. 
(Bomor, Zcitsch. Nahr. Geriussm. lm)4, 4, 

1070). ^ • 

Tho glycerides of butler- fat contain butyric, 
oanroio, oaprylio, cupric, Jaurio, mynstic, 
palmitic, steiirio, and oleic acids, as triglycerides, 
with, possibly, a sifinll quantity of mono- and di- 
glycerides. bell has shown the presence of 
* mixed ’ glyoeridi'H, and descrilios ((fliemistry of 
Foods, 46) an oleopalimtobutynito. Biowne 
(J. Amor. ('hem. Soc. 1899, 613) finds 1*0 p.o. 
of ciihydroxyst4‘iinc acid ; but jit^wkowiisoh 
throws duiib./ upon <ho presence of any hydroxy 
acids (Oils and Fats. 4(h ed. ii. (367). 7’he 
composition, ns given by J^ell ((Ihem. of Foods, 
18), 18 compared with that given hv Hrowm* (J. 
Amer. Chem. Soc. 1899, 21, 807). 

KX) jiarts of fat on saponificatlonV>l«l : * 


Biityiioacid 

Boll 

6*13 

Caj)roic „ 

Caprylic „ 

Capno „ . 1 

Tjuunc „ 

2 69 


Myristi*’ ., . . I 

Palmitic „ 

1 19*46 

Bteanc „ . | 

OJcic „ 

.3616 

Dihydroxy Bt<*ari(! iw'ul 

- 


JJniwac 
.>‘46 
2 09) 

0*49} 2*90 
0*:i2) 

2*67 
9-89 1 

38*61 } 6()*;j3 
1*83) 

.32*60 

1(MI 


Hiogfield (Zcitsch. Nriir. Genussm. 1912, 24, 
46) found no stearic acid, and Hmcdley (Bio. 
Jour. 1912, 6, 461) found 10 p.o. of stearic aidd 
in butter fat. Holland, Reed and Buckley 
fj. Agric. Research, 1910, 101 ; i&id. J918, 719) 
have also found high proportions of stearic acid 
present. They found the percentage quantities 
of various acids in butter-fat as follows : butyric 
acid, 3‘i63 ; caproic acid, 1*360 ; caprylic acid, 
0'976 : caprio a^d, 1*831 ; lauric ac^, 64396; 
myristic acid, 22*018,’ palmitic sAuC 19*229; 
stearic acid, 11*384 ; oleic acid, 27*374, These 
rcfsults were obtained by esterification of tl)e 
buHcr-fat, and subsequent fraciionatUn of the 
resulting esters. For details the original paper 
must be consulted. • 

Caldwell and nurtley (Chem, Hoc. Trans. 
1909, 96, 863) have fraca<^Uy distilled samples 
of butter fat in the vacuum of the cathode 
fight, and determkied certain T>lues of 
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distillates. They eonolude that there is no 
tribulyrin in bntter-fat, and nrobably no tri* 
olein, the oleic acid being distributed among the 
glyoeri^s' present, most of it as oleostearo- 
jialmitin. (Jaklwell and Hurtley (Z.c.) have also 
similarly distilled the fatty acids. According 
to Amborger (Zeitsch. iVahr. Genussm. 1918, .35, 
313) butter-fat contrins a small quantity 
(2*4 p.c.) of triolein ; the greater part of the 
olei^ acid existing as mixed glycerides. Butyric 
and other volatile acids are also present as mixed 
glycerides ; tribiityrin cannot be isolated. 
Kxamination of the alcohol-soluble portion of 
hydrogenisod butter-fat shows that the original 
fat contains biityrodiolein, butropalmito-olein 
and oleo-dipalmitin. 

The* most* characteristic feature of butter-fat 
is the presence of fatty acids soluble in water 
and volatile in steam ; and the earliest work on 
butter was«direotea to the estimation, directly 
or indirectly, of butyric acid, the largest con- 
s^tuent of the soluble or volatile portion. 

Hehner and Angell (Butter : its Analysis and 
Adul{ovdtions, Churchill, 2nd ed. 1877), following 
the suggestion of Cltevreul, proposed in 1874 to 
obtain the butyric acid by distillation of the 
acids liberated by dilute sulphuric acid after 
saponification of the fat with alkali. In con- 
sequence of the variation iib the results, they 
proposed the determination of the acids insolubie 
m water, l)upr6 subsequently adding in the 
same process the titration of the water-soluble 
acids (Analyst, 1870). The quantity of insoluble 
fatty acids is frequently spoken of as the 
* Hehner value.*’ The process conswts in saponi- 
fying a weighed quantity of the fat with alcoholic 
Ijotash, liberating the fatty acids from the 
aqueous, alcohol-free,*^ soap solution W'ith excess 
of dilute sulphuric ac’id, filtering and w^ashing 
witlf hot wrfter the insoluble acids, finally weigh- 
ing these, and titrating the dissolved acids. The 
quantity of soluble acids usually falls between 
4*2 and 0*0 ji.c. (calculated as butyric acid), and 
the w'cight of the insoluble acids between 90 and 
87*5 p.c. 

Kcichort adoptoeba modification of Chevreul 
and Hchnor’s distillation of the butyric acid, 
operating with a definite quantity of fat under 
prescribed conditions, and thus avoiding the 
necessity of the distillation of the whole of 
the volatile acids. Reichert took 2*5 grams of 
fat ; and the number of cubic centimetres of deci- 
normal alkali required tot, neutralise the distillate 
from this quantity, operating as described, was 
the original Reichert number (Chem. Soc. Trans. 
1870, A, 400 ; Zeitsch. anal. Chem. 1879, 18, 68). 
Meissl suggested the use of 5 grams of fat 
(Chem. Soc. 1880, A, 828), and Wollny added 
a number of modifications (Chem. Soc. 1888, 
A, 200). This process was adopted by a com- 
mittee consisting of the Principal of the . 

rent Laboratory and memoers of the * 
Society oi Public Analysts, as tne method to be 
used in the estimation of butter-fat ^ margarine 
(i^alyst, 1900, 25, 309). The conditions of 
oiHillatiott must be strictly observed, as the 
whole of the volatile aoid is not distilled during 
the experiment. Biciimond {ibid, 1895, 20, 
218) found only 87 P.o. of the^ total volatile acids 
in the (UstiUaft. Jensdli’s results oonfirm this 
(Zeitsch. Nahr. Oenuadhi. 1905, 272). Leffmann > 
and Beam u|sd soda dissol^i^ in glycerol for| 


the saponification (Analyst, lu91, 16, 163). The 
details of the process, as adopts by the oom- 
mittee, are : 6 mms of oleaiS melted fat are 
weight into a flask of a capacity of 300 o.o., 
and saponified with 2 c.o. of soda (prepared by 
dissolving sodium hydroxide in equal weight of 
water), and 10 o.o. of alcohol, by healf/ng on a 
hot water- bath under reflux condenser for 16 
minutes. After evaporatic i of the alcohol, 
the dry soap is dissolved in 100 c.o. of hot 
water, 40 o.c. of normal sulphuric acid and a 
few fragments of pumice are added, and the 
flask connected w*ith a condenser. It is then 
heated so that 110 c.o of distillate are collected 
m about 30 minutes. The distillato is shaken, 
100 c.o. filtered off, and titrated with deoi- 
normal alkali, using jphenolphthaleln as indi- 
cator. (Further details as to size of flask, tubes, 
still-beau, condenser, will be found in the Analyst, 
1900, 25, 309. ) The number of oubio centimetres 
of decinormal alkali required for neutralisation, 
when multiplied by 1*1 and corrected to 5 grams, 
is the * Reichert-Wollny number.* 

The proportion of volatile acids in butter- 
fat varies. In the late autumn season, in the 
case of cows fed in the open, the butter-fat 
contains less butyric acid tnan it does during 
the spring and summer. Towards the close ot 
the lactation period, butter fat also shows a 
depreiiiation in the amount of volatile acids. 
Among other factors affecting the character of 
the fat are the nature of the food, and the 
sensitiveness of the cows to varying climatic 
conditions and their surroundings. Hence the 
uncertainty as regards the limits that should be 
adopted. In the case of butter made from the 
milk of mixed herds, when the influence of 
individual cases does not seriously depreciate 
the butter from the whole herd, the proportion 
of volatile acids under ordinary conditions of 
feeding and bousing reaches a maximum in 
Apni-May-June, and is at a minimum in 
October-November. Lewkowitsch has collected 
a number of results representing the produce of 
different countries (Oils and Fats, 4th ed. ii. 686). 
Although the milk from individual cows or smidl 
herds may, in consequence of special circum- 
stances, occasionally vield butter fat giving a 
Reichert-Wollny number below 24, the butter 
from the mixed mUk of herds under normal 
conditions usually has a Reichert-Wollny number 
falling between 24 and 32. The Gommittee on 
Butter Regulations appointee* by the Board of 
Agriculture in this country recommended that 
the figure 24, arrived at by the Reichert-Wollny 
method, should be the limit below .which a pre- 
sumption should be raised that butter is not 
enuine (Com. on Butter Regns Report, Cd. 
74U, 18). I>aaoo his fixed a minimum limit 
I of 24; Germany, of 25; Sweden, of 23; tho 
United States, ox 24 ; Italy declares butter with 
a Reichert'Wollny number below 20 adulterated, 
between 20 and 26 suspicious, above 26 pure ; 
Belgium declares butter to be abnormal, and its 
sale is prohibited, if the Reichert-Wollny number 
falls b^ow 28, and if in addition the fat has a 
Zeiss number above 44 at 40^, a sp.gr. below 
0*865 at 100^ a saponification value below 222, 
and a Hehner number above 88*5. 

„ Fandby Ball (Analyst, 1907, 32. 202) area 
results of butters ptroduced in Irdland, and shows 
that during themonthsof December and Jannaryi 
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when the output ot milk is lowest, the Reit'hert- I 
Wollny number frequently falls below 24. The 
lowest numbers occur when the milk is derived 
from cows at the end of the lactation period. 

Brownlee (Jour. Dept* Agrio. for Ireland, 
101^ 10, 438) has published results of analyses 
of Irish butter produced in 1008-9. Ho found 
16*2 p.o. of samples below 24, 11*4 p.c. below 23, 
5*6 p.e. below 22, and i*4 p.c. ImIow 21. The tables 
given by Brownlee show that throughout the 
year the Reichert- WoUny number varies in each 
case with the percentage output of butter from 
the particular dairy, and the results confirm the 
opinion that the chief factor influencing the 
Reichert-Wollny number is the lactation period 
of the cows supplying the milk. 

The conclusion that butter is genuine because 
the Reichert- WoUny exceeds 24, may bo erro- 
neous, as this number may have been the result | 
of mixing genuine butter havinc a high Reichert- | 
WoUny number with some other fat. On the j 
other hand, butter falling below 24 may be 
genuine but abnormal. In order to be in a 
position to establish the genuineness of butter, | 
the Netherlands Government has organised a 
system of butter control, by means of which the 
associated creameries are frequently inspected 
and the butter produced regularly analysed. 
Consignments from the factories bear a govern- 
ment label, giving particulars of origin, so that 
the officials can trace the butter and ascertain the 
Reichert- WoUny number of the butter produced 
at the creamery. | 

Higher homologues of butyric acid volatilised 
in the steam during the Roichort process do not 
wholly dissolve in the distiUate, and the deter- ! 
mination of the insoluble portion affords another ' 
index to the character of the fat, as wiU be seen 
later. 

Butter-fat has a sp.gr. at 37*8®/37*8® of 
0*910-0*913 (Thorpe, Chom. Soc. Trans. 190*1, 
249). The individual data in BeU’s results 
range from 0*9094 to 0*9139, but he states the 
ordinary range is 0*911 to 0*913. The sp.gr. is 
affected by prolonged heating of the fat and also 
by the storage of the fat for a lengthened period 

The reading with the Zeiss butyro-refracto- 
meter at 45^ falU usually between 38 and 42. 
In 371 samples of genuine butter examined, the 
range was 37 to 46 (Com. on Butter Regns., 
Ap. 586). Excluding 14 exceptional butters, 
the average range was 39*4 to 42*0 (Chem. Soc. < 
Trans. 1904, 249). (Zeiss readings are taken at ; 
various temperatures by different observers. 
To convert the scale divisions observed at a 
lower temperature into the scale divisions at a 
higher temperature, deduct 0*56 of a division 
for each degree of temperature that the reading 
has been taken below the fequired temperature * 
conversely, add 0*56 of a division foi each 
degree of temperature that the reading has been 
taken above tne required temperature). 

The saponifloation value of the fat was 
suggested by Ko^tstorffer (FrdL 1879, 199), and 
is frequently known as the Koetstorffer number. 
It is the quantity of potash expressed in milli- 
grams required to saponify 1 gram of fat. The 
glycerides in butter-fat contain acids of oom- 
paratively low molecular weights; inconsequence, 
the (quantity of petash for saponification will IM 
relatively high when oompaied with fats in 
which the glycerides contain enly acids of high 

VoL. I.— 2*. 


molecular weight, as in animal fats in general. 
Butter-fat gives figures on the average between 
219*9 and 232*6 (Thoipe). Koetstorffer gave 
227 as a mean figure. This value bears *a dose 
relationship to the Reichert number. 

The iodine value varies considdhibly, falling 
between 26*0 and 36*0 (Hiibl), 29*0 and 43*0 
(Jensen), and 26*0 and 38*0 (Wollny). 


(Jensen), and 26*0 and 38*0 (Wollny). 

The various data show their dependence 
upon one another, within certain limits, when a 
comparison is made. Tl^ parallelism is shown 
in the following table '(Tnorpe, Chom. Soo. 
Trans. 1904, 264) : — 

*1. A S J o •S'S 

§ I s. I S H 

li |5 P 4'PPlti 


90*1 266*9 
89*7^ 

89*4 266*0 
89*3 264*2 
88*9 261*9 
88*7 261*7 
88*4 260*9 
88*3 269*6 
87*9 260*1 
87*9 258*0 
87*7 267*8 


! The examination of butter comprises : (1) 
'the determination of waters fat, curd, salt; (2) 
examination of the fat ; (3) examination of the 
butter for preservatives, colouring natter, and 
substances foreign to butter. * 

1. Water. The sample for examination 
should be not loss than 50 grams, and should be 
placed in a bottle and dosed securely with 
srrew-cap or stopper. The bottle is then heaM 
at a temperature of about 60*’ until the butter- 
fat has melted, when it is vigorously shaken to 
emulsify the fat and water, 'rhe shaking is 
continued while the bottle and contents cool, 
until the butter is of the consistency of thick 
cream. From 6 to 8 grams are then weighed 
^ into a flat-bottomed dish, m which is a glass rod 
'with flattened end. The dish is heated on a 
; steam-bath for an hour with frequent stirring 
of the butter, after which it iscooled and weighed. 
It is again heated until the weight is constant. 
The operation is considerably accelerated by 
using aluminium dishes, heatedf on an aliiminium 
hot plate adjusted to a temperature of fOO" to 
J05®. 

Patrick (J. Amer. Chem. Roc#> 1906, 1613) 
carries out the estimation of the quantity of 
water by cautiousl;^ heating 10 grams, .^batter 
in an aluminiign vessel over the direct flame, 
taking care to avoid over-heating. 

In Gray's method (U.S. Dept, of Agrio., 
Bureau of Animal Industry, Circ. 100) ICr grams 
of butter, weighed on a pq^chment paper, are 
placed in a flask together with a little anwl- 
acetate, and the flask directly h ated. The 
iflask is connected with ^ calibrated tube 
arranged as a reflux condenser, the condensed 
water and apiyl acelkte being collected in e 
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}iilb at the bottom of the tube. When ail the 
nrater is driven off, the tube with the bulb ib 
wmoved# and inverted, the volume of water 
seiim ueaBured in the calibrated portion. 

Other methodf are Henzola’s (in which 
;>ainioe ie mixed with the butter) and Wibel's 
J. Soo. Ohem. Ind. if 93, 630). 

Fftt. The butter ffrom which the moieture 
laa bm expelled is extracted with ether, 
iltered from curd and fait, and, after evapora- 
uon of the solvent, dried and weighed, or the 
natter insoluble in et^r is weighed, and the fat 
baken by difference. The fat may also be 
Mtimated by the (Jottlieb method : 2 grams of 
butter are washed into a graduated burette tube 
with i^out ft c.G. of warm water, and mixed with 
1 0 . 0 . of ammonia (sp.gr. 0*880) and 10 o.o. of 
ilcohol, mixing well after each addition. The 
tube is cooled, 25 Ac. of methylated ether added, 
and the ffbuids mixed ; 25 c.c. of light petro- 
leum are tlien a<lded, and the tube carefully 
Inverted several times to mix the solutions. 
The volume of the mixed ether solution which 
sepffratos on standing is measured, and a known 
portion removed aucTevaporatec^ 

Shaw(U.8. Dept, of Agric., Bureau of Animal 
Industiy, Ciro. 202) takes 25 grams of butter, 
and using a separator, washes out salt and curd 
first with hot water, and then' with slightly diluted 
suliihurio acid, finally measuring the volume of 
fat. The (iovemments of Queensland, Victoria, 
andTGermany have fixed a minimum limit for fat 
of 80 p.o. : Italy, of 82 p.c. ; and the United 
States, of 82 ‘d p.o. 

Curd. In the case of butters 'free from salt 
and preservative, the curd is the matter not 
soluble in ether or other solvent. The separate 
determination of the proteins and laotose must 
be oarried^out to decide whether a butter con- 
talhs added non- fatty milk products. 15-20 
grams of butter are weighed in a dish and dried 
on the water-bath with frequent stirring. The 
fat is extracted with ether, and the other- 
insoluble matter transferred with concentrated 
sulphurio acid to a Kjeldahl digestion flask, 
adding the filter p£por used for filtration. The 
quantity of nitrogen multiplied by C'38 gives the 

S roteins. Richmond gives G'31) (Analyst, 1908, 
3, 180). 

The lactose is taken by difference, after 
deducting from the total cum the proteins and 
inorganic salts. But it is in all cases preferable 
to make a direct determination, and this becomes 
necessary when boric acid is present. The 
laotose and proteins may then bo estimated os 
follows : The residue from extraction with ether 
of 20 grams of butter is mixed with about 40 o.o. 
of watGr, made just acid with acetic acid, and 
the protons precipitated by adding a few drops, 
being careful to avoid excess, of F^ing*s copper 
sulphate solution. It is then filterod on tared 
'<<hed, dried at U'0°, weighed, and 
momeratod. The weight leas t^e aah is the 
proteins. The filtrate is made up to 100 o.o. 
tnd air aliquot portion taken for gravimetric 
laotose ^determination. Where sugar only is 
required, the residuc^from ether extraction may 
be waah^ into 100 o.o. flasl( cleared with copper 
sulphate, made up tq 100 c.c., filtered, ana an 
aliquot portion taker. The quantity of lactdte 
should not exceed 0*4 iro., and is usually much 
Ipss. 


The matter insoluble in ether contains, in 
addition to the true curd and other non-fatty 
solids of milk, common salt, borax, a portion of 
the boric acid (partly in solution in ether), and 
certain other preservatives, if these have been 
added to the butter. The common salt is 
estimated by extracting the weighed quantity 
of curd in the total ourcl determination with hot 
water, and titrating the sclution with standard 
silver nitrate. 

2. Examination of the (at. The examination 
of the fat to ascertain its purity is one of oon- 
siderabio difficulty, since butter adulteration has 
been directed to the admixture of fats prepared 
so as to give no distinctive reaction. All animal 
fats, such as refined lard and beef fat, and many 
vegetable fats used for this purpose, have 
pru(‘ti('ally no volat ile acids. Hence the addition 
to butter of fats of this class reduces the soluble 
volatile acids number. Other vegetable fats 
contain volatile acids only partially soluble in 
wat(‘r. 'I'o this class belong cocoa-nut oil and 
palm -kernel oiL 

Vegetable fats, unless specially prepared, 
contain phytosterol, and the detection of this 
substance cstabljshe.s the presence of foreign 
fat. Other fats, as cotton seed and sesame, give 
specific reactions, and may therefore be directly 
tested for. It has, however, been established 
that the constituent giving the reaction may be 
communicated to a slight extent to milk and 
thence to butter through feeding the animals 
with oil cakes made from those seeds. Positive 
reactions in these cases must therefore bo 
supported by other evidence. With the object 
of (ietecting the addition of foreign fat, it is 
enacted in some countries that margarine and 
margarine fats must contain, when prepared for 
sale, a small quantity of sesame oil, as a tell- 
tale substance when butter with which such fat 
has been mixed is examined. 

(a) The soluble volatile aoids are estimated 
by the Reichert- Wollny proc ess described above. 

Rej^chlor (Bull. Soc. chim. 1901, 25, 142) 
projwsed the extension of the Reichert-Wollny 
process to include the estimation of the volatile 
insoluble acids. Wauters (Analyst, 1901, 26, 
128) modified the Reichert process and made two 
distillations, determining the values for both 
soluble and insoluble volatile acids. 

Folonske (Zeitsoh. Nahr. Qenussm. 1904, 
273) adopts the Reiohert-Wollny process and 
estimates in the same operal.ion the soluble and 
insoluble volatile acids. 5 grams of the fat are 
weighed into a 300 o.o. flask and saponified with 
2 O.C. of soda solution and 20 grams of glycerol 
by heating the flask over the free flame. The 
flask iq cooled below 100*, and 90 c.o. of hot 
water and a little powdered pumice are added. 
When the soap is in solution the fatty aoids are 
liberated with 60 c.o. of sulphurio acid (26 o.c. 
pure HgS 04 in one litre), the flask attached at 
onoe to a condenser arranged vertically, and 
heated so that 110 0 . 0 . of distillate are effected 
in about 20 minutes. The heating is then 
stopped, and the receiving flask repMoed by a 
measuring iar to oatoh the drainings of the con- 
denser. The distillate is cooled to 16*, gentiy 
shaken, and 100 0 . 0 . filtered off and titrated 
wiwh decinormal soda. The :iumber of cnbio 
centimetreB (multiplied by 1*1 and oorreoted 
to 6 grams) is the Reichert-Wollny number. 
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The remainder ol^ the distillate is poured on 
the filter paper, and then washed with throe 
quantities, of 10 c.o. each, of w’ater, each of 
which has been passed in succession through 
the condenser tube, the measuring jar, and the 
110 0.0. flask. Those washings are rejected. 
The 110 0.0. flask is then placed under the 
filter funnel, and the water-insoluble acids dis- 
solved in alcohol by passing three quantities, 
of 15 c.o. each, of neutral alcohol, successively 
through the condenser tube, measuring jar, and 
filter paper. The alcoholic filtrates are titrated 
with 1/10 normal soda, using phonolphthalein as 
indicator. The number of cubic centimetres 
required is the insoluble volatile acids number. 

In butter-fat this number varies with the 
soluble acids number. Polenske gave a 

range of 1*35 insoluble for 20*0 of soluble, to 
3*0 msoluble for 30 of soluble. Individual 
butters may, however, give numbers outside 
this range. Rideal and Harrison (Analyst, 1006, 
31, 254) give results of examination of a number 
of £ngii^ buttera Harris {ibid. 190(5, 31, 
353) MOWS the variation in insoluble acids 
number for the same soluble acids number. 
Hesse (Chom. Zontr. 1005, 1 , 500) states the limits 
given by Polenske should be higher. Hesse and 
Harris (Lc.) point out the importance of following 
exact details of process, particularly in regard 
to size of pumice. Harris gives varying results 
obtained by operating with pumice of different 
sizes. Beerbonm (Milch. Zentr. 1013, 513) 
states that during lactation, the R.W. number 
falls but the Polenske number rises. 

Cocoa-nut fat gives a soluble acids number 
by this process of 7--9 and an insoluble acids 
number of 15-18. Hence the addition of this 
fat to butter doprossc>s the Reichert-Woilny 
number, and increases the insoluble volatile 
acids number. At the same time, the Zeiss and 
iodine numbers would be lowered, and the 
saponification value would be increased. Thus, 
while the Polenske valud alone might not itself 
be sufficient evidence of adulteration in coses of 
small quantities of admixed cocoa-nut fat, the 
disturbance of the co-relation between the other 
numbers would establish the presence of the 
adulterant. Palm-kcmel fat has a Reichert- 
Woilny number of 5, and insoluble volatile acid 
number of 10-12 ; other vegetable and animal 
fats have a total volatile aci^ number less than 
1. The addition of palm-kernel oil would 
operate in a similar^manngr to that of cocoa-nut 
fat ; animal fat would depress both the solublq 
and insoluble volatile acids, but the former to 
a greater extent than the latter. Thorp 
(Analyst, 1006, 31, 173) makes a second distilla- 
tion in the ordinary Reichert process, after 
addition of more water, and obtains an increased 
value for the total insoluble volatile acids. Ho 
gives results of examination of butters and 
mixtures. 

Muntz and Coudon (Mon. Sci. 1904, 18; 
Analyst, 1905, 30, 165) have devised a similar 
method for determining the ratio between the 
soluble and insoluble volatile acids. They 
sapontfy 10 mms of fat with hot strong aqueous 
potash, dissmve the soap in water, add phosphoric 
acid solution, and distil 200 o.c., using a spiral 
dephlegmator of considerable length. The 
tiliate Is filtered, and the soluble acids titrated. 
ioBolttble acids in the condensqr tube and 
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flask, and on the paper are also dissolve^ in 
alcohol and titrated. They found that pure 
butters yielded from 4*70 to 6*01 p.c. of soluble 
volatile acids fas butyrio acid) and 0*5 *to 0*87 
p.0. of insoluble; while cocoa-nut fat gave 
1*15 to 1*27 p.o. soluble, and 3*06 to 3*63 p.o. 
insoluble. They determim the following ratios i 
insol. vol. 


for genuine butter, and 2^*3 to 282*3 for cocoa- 
nut fat. ^ 

Vandam (Analyst, 1901, 26, 320) determined 
the ratio between the total fatty acids soluble 
in 60 p.c. alcohol, and those soluble in the alcohol 
but insoluble in w'ator. Robin (fikimj^f^ rend. 
1906, 143) practically applies the same principle 

in his method. Ho found tjiat the ratio 

X 10 was 8*3 to 12*7 buj^r, 232 forsmargarine, 
and 226 for cocoa-nut Tat. Shrewsbury and 
Knapp (Analyst, 1910, 35, 385) remove the acids 
soluble m water, and then detern^e the 
solubility of the remaining fatty acids uf dilute 
alcohol. They find a solubflity figure of 28 for 
butter and 16? for cocoa-nut fat. It has been 
shown (Caldwell and Hartley, Analyst, 1009, 
34, 274) that launc and myristio acids are the 
chief constituents tf cocoa-nut fatty acids, but 
that those acids are only present to a Might 
extent in butter ; and those processes are 
therefore based upon the solubility in 6C* p.o. 
alcohol and insoluuility in water o{ these aoids. 
Fendler (Zeitsch. Nahr. Gonussm. 1910, 19, 544 ; 
Analyst, 1910, 35, 355) has a sinAlar process. 

Avd-Lallemant (Zoitsoh. Nahr. Qonussm. 
1007, 14, 317) precipitaj^B the neutralised, 
alcohol-free soap solution with barium ohloride, 
and determines the baryta values for the soluble 
barium salts, and for the insoluble bfirium BJits. 
He finds that normal butter has insoluble baryta 
value of 247 to 251, and soluble baryta value of 
60 to 65. The value [insol. — (200-f’Soluble)] is 
negative for butter, whereas other fats have a 
positive value not loss than 39. {See also 
Fritzsche, Zeitsch. Nahr. Gorjussm. 1907, 14, 329. ) 

Ewers {ibid. 1010, 19, 529) proposes a method 
depending upon the different solubility of the 
magnesium salts of the fatty aoids, and on the 
varying solubJiiy in petroleum spirit of the 
fatty acids from the soluble magnesium salts. 

Various methods have been proposed to 
distinguish betw'een ooooa-nut fat and butter 
fat by means of the solubilities of the silver 
salts of the distilled aoids in the Reichert-Woilny 

S rocess (K. Jenson, Analyst, 1005, 80, 806; 

^ Jenson, Zeitsch. Nahr. Qenussm. |1005, 10, 
265 : Kirsohner, tbtd. 1905, 9, 65 ; Wijsnan and 
ileijst, ibid. 1906, II, 207; Dean, Ann. Chim. 
anal. 1906, 11, 121). Of these, the method of 
Kirschner has been much used in this country in 
connection with Uie Reichert-Wolhiy-Poj5adb.w 
process. As it gives a measure of th^mount of 
butyric acid ^):mnt, and eliminates the reading 
in the ordinary R.W. process due to the presence 
of other soluble volatile acids, it is oS specifd 
value for the detection in butter of margarine 
mixtures containing coccAnut or palm-kernel 
fats. The KirschnAr process is carried out as 
follows: To the 100 ^.c. which have been 
neutralised with baryta *for the R.W. No. 
0*5 gram of Ag|S04 ip added, and a^ter standing 
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lor J liuur with ocoasional ahaking, the liquid ia 
filtered through a dry paper. 100 c.o. are taken ; 
35 c.c. w«vter, 10 c.c of dilute (as In the 

Polenske method), and a piece of aluminium 
wire are added ; and the distillation carried out 
as before, 110 o.c. being collected in 20 minutes. 
100 c.c. are titrated and the Kirschner number 
obtained as follows : — 


Tr__...J2i:i00+y 
^ ^ 100 ^ 100 


titration value of <00 c.c. less blank.) 

( 2 ^ —number of c.c. of baryta solution used in 
titration of original U.W. No.) 

Bolton and liovis (Analyst, 1911 333; and 
Bolton. Richmond, and Eovis (Analyst, 1012, 
183) gfvh the results for a number of mixtures, 
and formula and curves for the calculation of 
the amount of co oanut or butter-fat present 
They suggust the following table for the re- 
lation between the Kirschner and Polenskc 
furabers - 


K irMchner Polfliiske 

20 1 00 

22 2 10 

24 2 r».*> 

20 3-20 


Cranfield (Analyst, 1913, >,4i) gives the II. VV., 
Kirschner, and Polenskc values for a large numbci 
of butters analysed at the Midland Agricultural 
and Daily College, showing similar relations 
bt'tweon the Kirschner and Polonsko figures. 

Bolton, Richmond, and Revis point out that 
if an allowance of d: 1 is made in the Polenske 
value corresponding to any particular Kirschner 
value, the presence o^ less than 5 p.c. of cocoanut 
fat will cause the Polenske value to fall outside 
the limit, except in cases of special foi'ding of 
001^S. 

Dons (Zeitsch. Nahr. Genussm. 1908, 15, 75) 
has modified the process. The mixed fatty 
acids are treated with water to remove the 
soluble portion. Caprvlio acid, which remains 
behind with the insuluble acids, is removed by 
distillation, and e8«.liuatod in the distillate by 
precipitation with silver nitrate solution. Pure 
Dutter-fat gives a value 1*6 to 2*0 and cocoa-nut 
fat 5*3. 

Juokenack and Pasternack (Zeitsch. Nahr. 
Genussm. 1904, 7, 193) proposed to determine 
the presence of cocoa-nut oil in butter from the 
relationship between the Reichert • Wollny 
number and the saponification value. They 
point out that according to the formula [R.W. 
— (sapon. value— 200)] butter fluctuates between 
—3*5 and +4*25. For cocoa-nut oil its value is 
—47. llarris (Analyst, 1906, 31, 355) has shown 
that the method of reasoning suggested is of 
no value for small admixtures of ooooa-nut fat 
with butter. 

r **1 •nd Ambeiger (Zetcso^. Nahr. Genussm. 

1909, 17, 23) distil sopacated solid fatty acids in 
a current of steam in special flask, and precipi- 
tate the cadmium salts m distillate. 

. HanuS (ibid, 1907, 13, 18) and HanuS and 
^kl (ibid, 1908, 15. 577) and Fendlcr (t6id. 

1910, 19, 544) propow mcUuKla based upon the 
distillation of tne ethyl esten of the fatty acids. 
Fcndler prepares the eaters after the manner of 
Hanriqnea (Analyst, 'l898, 23, 181) and coUeots 
the esters loiling below JOO*. This fraction 


would include the ethvl esims of the acids up U 
and including myristio acid. The volume ii 
the case of butter ranj^ from 2*6 to 6*1 ; cocoa 
nut fat, 40 to 42 ; and lard, 0*5 to 1*1 c.o. 

Caldwell and Hurtley (Le.) state that smal 
quantities of cocoa-nut fat can be detected bi 
the fractional distillation in a high vacuum o 
the fatty acids. 

(5) The foregoing tests Tor the detection o 
the adulteration of butter-fat are based upon th< 
disturbance of the ratio existing in normal o 
average butter-fat between the proportions o 
soluble and insoluble acids. It has, however 
been shown that special feeding may affect thii 
relationship and pi^uce butter giving abnorma 
results. Uncertainty as to the conclusions t< 
bo drawn may bo removed if direct evidence ii 
obtained from the application of specific tests 
The following qualitative tests may be applied 

Pkytoete^ test for detection of vegetable fat> 
(Bomer, Zeitsch. Nahr. Genussm. 1901, 4, 1070 
and 1902, 5, 1018). — ^The absolute alooho 
extract of the uiisaponifiable matter from 10( 
grams of fat is treated with acetic anhydride 
the excess of which is removed, and the acetatei 
dissolved in alcohol, crystallis^, and recrystal 
lised several times. Cholostoryl acetate melts a1 
113*6* to 114*5* while the melting-point o 
Phytosteryl acetate is about 129*. If tne melt 
ing-point of the mixed acetates from the sampU 
under examination is between 116* and 117*, it 
is probably adulterated with vegetable fat; i 
above 117% vegetable fat is certainly present 
The test is not of value if paraffin wax is alsc 
present. 

Hinks* test for cocoa-nut fat (Analyst, 1907 
32, 160). — 5 0 . 0 . of the fat are dissolved ir 
10 c.c. of ether, and the solution cooled in ioe 
After half an hour, it is rapidly filtered, th< 
ether evaporated from the filtrate, and the fattj 
residue dissolved in 96 p.o. (vol.) alcohol. Tht 
solution is cooled to 5* for 15 minutes, filtered 
rapidly, and the filtrate cooled to 0*. Tin 
deposit which separates at this temperature ii 
then examined on a cold slide under a powei 
of about 250. Butter fat yields a deposit 
of round granular masses; cocoa-nut fat, fin< 
neecUe-shaped crystals ; and mixtures of buttei 
and cocoa-nut fat, fine feathery crystals attaohec 
to the granular butter masses. The test if 
capable of detecting 5 p.c. of ooooa-nut fat ii 
butter fat. 

Badouin test for tenmi orl.— 6 c,o. of the fat 
are mixed in a tube with 6 &o. of Hd (si^gr 
1*19) and 0*1 o.o. of a 2 p. 0 . furfural solution 
The mixture is well shaken and allowed to stand 
The aqueous layer which separates assumes f 
reddish colour in presence of sesam^ oil. Butten 
coloured with some aniline dyes give vdth hydro 
chloric acid a pink-to-violet colouration, and ii 
such a case the acid and fat mixture must hi 
heated until colourless before the addition o 
the furfural solution. 

Hatphen test for cotton seed oU , — 6 0 . 0 . of thi 
fat are dissolved in 5 0 . 0 . of amyl alcohol, 1 0.0 
of a solution of snlphnr in carbon disnlplude ii 
added, and the mixture heated for 20 minnte 
at 105* in a brine-bath. A red oolonratioii if 
produced in presence of cotton-seed ofl. 
ifaimogenetio sabstsnee msy, howerer, ii 
exceptional eases, be oommnnioated to butter b; 
feeding co^ with x>tton cake ; and a poeitivi 
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roaotion must be confirmed by other data of soda used after the solution was neutral to 
the examination. Ilaomoid indioates the proportion of borlo sold 

(e) The sj^ifio gravity and the Zeiss reading present. A control experiment sHo^d be 
sho^d be taken and considered in conjunction carried out with pure hotter and indicators, 
with and relation to the data for the Reichert- The Committee on Preservatives in Food 
WoUny number^ saponification and iodine recommended that borar or borio acid should 
values. be the only preservative <illoa*ed in butter, and 

Of other physical methods there may be that the quantity should not exceed 0*5 p.c. 
mentioned : calculated as borio acid. 

Vdtenia test. — 3 c.o. of fat are dissolved in (h) Formalin is detected by the application 
SB equal volume of glacial acetic acid, and then of Hehner's test (Kiohm<'.td, Analyst, 1806, 21, 
allowed to cool while being stirred uith a ther- 92). A little milk is adaed to the aqueous layer 
mometer. Immediately a turbidity is noted, the from melted butter, and the mixture poured on 
temperature is read. A modification introduced to the surface of sulphuric acid containing a 
byJeanistomeasurethe volume of acid dissolved trace of ferric chloride. In presence of formal- 
in the fat at (For recent investigation oi dehydo a blue ring appears at the* jurcture of 

factors affecting the Valenta test, see Irycr and the aqueous and acid layers. 

Weston, Analyst, 1018, 43, 3.) (c) Fluorides. Fluorine is detected by eva- 

Crismer test. — This method is an official porating the aqueous portioiH rendered alkaline 
one in Belgium. 0*5 o.o. of melted fat and 1 c.o. from about 30 grams of butter, inoinerating, 
of absolute alcohol are placed in a tube fitted i^nd heating the ash in a platinum orucible 
with cork and thermometer, the bulb of which with strong sulphuric acid. The crucible ill 
dips into the liquid. The tube is gently heated covered uith a watch-glass coated wi.h wax 
inside a larger tube until the liquid becomes throughwhicli a mark or desigp has been scratched 
homogeneous. It is then allowed to cool, and with a fine instrument, lii presence of fluoride 
the temperature noted when turbidity appears, the glass will bo etched. 

This point is the critical temperature of dis- 0. and 0. W. Hehner (Analyst, 1902, 27, 
solution (Orismer, Analyst, 1807, 22, 71). 173) indicate how to remove the borio acid if 
Vandam ha'4 shown how the alcohol used in the present before testing for fluoride, 
test may be standur dined by means of petroleum (d) Benzoic acid and benzoates. 10 grams of 
spirit (Ann. des Falsifications, 1919, 260). butter are heated for some time with alcohol 

Butter fat gives a result varying from 50*0 to acidified with dilute siilphurio acid. The 
57, whilst maigarme lias a value over 05 if it is alcoholic extract, after dilutiou with water, is 
composed of animal fat, and under 50 if prepared extracted with eth(*r in a sepurater. The ether 
from vegetable fat. The fat must be free from solution is then shaken with dilute ammonia, 
moisture and quite clear, and can generally bo so and the ammoniaoal oxtiaot evaporated to 
obtained by filtration in a hot- water oven dryness in a porcelain dish. The residue is 
through a dried filter paper. The Crismer dissolved in w'ater, just acidified with acetic 
values of other fats are as follows : sesamd oil, acid to ensure that no free ammon’a remains, 
67*6; almond oil, 64; cotton seed oil, 61*5; and a drop of ferric chloride solution adaed. 
araohis oil, 57 '5 ; olive oil, 50 ; cacao butter, Bchkoio acid gives a buff-coloured precipitate. 
47, tallow, 34*5 ; lard, 76-77 ; palm oil, 22 ; (s) Saltcyltc acid. A portion of the alcoholic 

cocoanut oil, 16-19'5 ; palm-kernel oil, 1.1*5 solution prepared for benzoic acid is tested 
(Stewart, J. State Med. 1018, 26, 312). directly with a drop of ferric chloride solution. 

3. Examination for preservatives. -**(») Boron Salicylic acid gives a violet colour. 
compouiuU, Bono acid or bouiv is detected (f) Richmond (Analyst, 1908, 33, 116) 
by moistening a strip of turmeric paper (filter points out that formic acid and glucose are also 
paper soaked in an alcoholic solution of curcuma used as preservative agents, 
and dried) with a drop of water squeezed from Colouring mattsii. The colour of butter 
the butter, or with the aqueous layer obtained prepared without addition of artificial colouring 
on melting the butter. The paper is then dried, matter, varies according to the food of the cows. 
Free borio acid gives a pink colour changed to The yellow colour is due to the yellow pigments 
green with alkali. For b'^rax a drop of dilute which accompany chlorophyll in all green plants, 
hydroohlorio acid must be added to the paper of which carotin and xanthophyli are the most 
bttore drying. important. The pigment is not made in the 

The boric acid is estimated by Riobmond and animal body, but is derived entirely from the 
Harrison's method (Analyst, 1902, 27, 179) or by food ; fresh green grass contains most, i*nd gives 
washing the butter in a separator with hot the highest coloured milk fat. There is a 
water, evaporating the aqueous portion after difference in breed, but this is not so important 
addition of soda, incinerating, and prooeeding as a factor as supposed (Palmer and Eckles, J. Biol, 
in Thomson's pr^ess. Chem. 1914, 17, 101). (For the detection of 

A method suitable for rapid determinations carotin in butter, J. Ind. Eng. iui6, 

is as follows : 10 grams of butter are shaken in a 614.) Winter Gutter from stall-fed cows is nearly 
lepmtor with 20 o.c. of hot water and 10 c.o. of colourless. Colouring matter is frequently 
deoinormal sulphuric acid. The aqueous layer is added to butter during manulaotuie. Annatto, 
run off after a few minutes, and the fat washed turmeric, carrot juice, saffron, marigold, safflowei' 
twioe more with small quantities of hot water, and aniline dyes are among, the aiiifioial ooloum 
The mineral acid in the combined water extracts employed. Agitation of the butter fat with hot 
is then neutralised, with laomoid as indicator, alcohol will give an indv*ation wk ither colour 
2 grams of mann'te are now added, and phenwil- has been added. Comeiisrp (J. Amer. Chem. 
phthaletn. Decinonnal soda is then addM until Boa 1908 , 80 , 1478 ) shakes thoroughly 10 grams 
pink colour is permanent. The q^jintity off of melted fat with <0 to 20 gram» of glactalj 
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Aoetic aoid at about 35”. The acid layer ie 
drawn off and tested with various reagents for 
the de^tion of aniline and vegetable dyes. 
Leeds (Analyst, 1887, 150) has alM> proposed a 
scheme for identification of dye. 

Annatto %knd acQ dyes may be rapidly 
tested for as follows :c 5 o.o. of melted fat are 
placed in each of two test-tubes. To one 6 c.o. 
of hydroohlorio acid are added, and the mixture 
shaken. Azo- dyes will impart a rofidish colour 
to the acid layer. TcR^e second tube add 6 o.o. 
of ether, and shake, and then 5 o.o. of 10 p.o. 
potash solution. Shake and allow to separate. 
If annatto is present, the alkaline layer will be 
coloured yellow. To confirm the annatto, the 
alkalino* liqfiid is withdrawn, eva|x)rated to 
dryness, and touchi'd with a drop of sulphuric 
Lto gives an indigo- blue to violet 


dryness, and touchi'd with a drop of sulphuric 
acid. Annatto gives an indigo- blue to violet 
colouration ' 

Oampton and Simons (J, Amer. Chem. 8oo. 
1005, 27, 270) point out the use of palm oil as 
a colouring substance, and its detection by the 
Halj^hifi and Lirbcrmann-Storch methods for 
rosin oil. 

The further examination ot the butter is 
concerned with its flavour, appearance, ranoidity. 
As regards rancidity, the quantity of free acid 
dissolved in alcohol may bo ascertained, but this 
is fre<]|uently no guide to or mcafuro of the 
ranoidity, which is b^t judged by smell and taste. 

The definition of * butter * m the Margarine Act, 
1887 (60 A 51 Viet. c. 29) is as follows : ‘ The 
irord ** butter *' shall mean the substance 
usually knowt. as butter, made exclusively from 
milk or oream, or both, with or without salt or 
other preservative, and with or without the 
addition of colouring matter.' 

The Butter and Margarine Act, 1007 (7 Kdw. 

21) d'soribes milk- blended butter as 'any 
mixture produced by mixing or blending butter 
with fnilk or oream (other than condensed milk 
or cream).' By the provisions of this Act 
milk- blended butter may contain a maximum 
of 24 p. 0 . of water. 

* Renovated ' o** ' proeess ' butter is a pro- 
duct mainly of the Unittsl States. It is deliued 
by Act of Uougress as * butter which has been 
Bubjeotod to any process by which it is melted, 
clarified, or refincKl and made to resemble 
genuine butter.* Butter which is unsaleable 
through rancidity, mould growths, or other 
oauses, is uioltod, and the oil separated from the 
ourd and water. The oil is then aerated by 
* blowing * with air, and afterwards emulsified 
with fresh milk inoculated with a bacterial 
culture. It is then churned and worked as for 
ordinarv butter. 

Grampton (J. Amer. Chem, Soo. 1903, 25, 
368) gives details of analyses and tests. Several 
similar prooesaos have b^n patented here, and 
*n some factories the melting and purification 
of inimioi butter is now carried on. Hence 
such products mi^^t contain r'^stailine fat, 
and the microscopical examination is now of no 
^olue sf a test for foreign fat. 

' Factory * butter is butter which has been 
reworked or hlondrd with other butter; by 
'dairy' butter is understood butter mode atj 
the farmer'^uomestea \ whether from whole milk ; 
or cream; and the term 'creameiy' batter is 
generally 'aopUed to butter mede from oream 
separated by centrifugal force from the mixed 


miik of a number of herds in premises specially 
utilised for the purpose {see t^e Report of the 
Committee of the Department of Agriculture for 
Ireland, on the Irish Butter Industry, Cd. 5002, 
1910). 

In hot countries, owing to the rapid decompo- 
sition of ordinary butter, the clarified fat, free 
from water and curd, is prepared for sale, as 
* schmelzbutter,* *ghee.* 

Tnnien (Analyst, 1013, 242) has described 
the preparation of * 8amna ’ or ' 8amn,' the 
Egyptian product corresponduig to the * ghee ' 
of India. Whole milk is churned in goatskms 
until the butter (zibda) forms. The ubda is 
collected from the villages by the samna makers, 
who heat in large pans until it molts, the samna 
being jioured off from the water and curd. Its 
keeping projicrties arc much superior to those of 
butter, and it may be used years after it has been 
made. It is pale yellow in colour, possessing a 
smell, sometimes cheesy, sometimes acid, ne- 
qucntly rancid, and always unpleasant to 
European ideas. Both Egyptian samna and 


Indian ghee are largely made from buffalo milk, 
and unless artificially coloured are very pale. 
Syrian samna is generally believed to be made 
from sheep and goats' iniik. Tnmen gives the 
results of analysis of a number of samples. (For 
other analyses of ghee, Bolton and Kevis, 
Analyst, 1910, 343; t6td. 1911, 392; and 
Kesava Menon, J. Soc. ('hem. Ind. 1910, 1428). 

(I 8. 

BUTTERINE v. Marharini. 

BUTTER SUBSTITUTES v. MaR';aiunr. 

BUTTER SURROGATE v. Maboarisb. 

BUTTER, VEGETABLE. A greasy substance 
expressed from the kernel of the Bassia buiyracea 
(Uoxb.), a native of North India. This grease 
is said to make excellent soap. Shea butter is 
obtained from the Buiyrospermum Parkii, of 
West Africa, and has been used in making 
candles and soap. The butter-tree of Sierra 
Leone is the Pentndesma hiUt/racea (Subine), the 
fruit of which yields much grease, and is eaten 
by the negroes (v. Oils and Fats). 

I BUTTER YELLOW. Benzeneazodiniethyl 
aniline N : N C,H 4 N(CH,),. A yeUow 

colouring matter (m.p. 115”) ; insoluble in water, 
soluble in dilute HCl, with red colour; soluble 
in fats. Used for colouring butter (Witt. Griess. 
Ber.1877, 10,528)(v. Azo- colourino mattbrs). 

BUTTERS, MINERAL. A term formerly ap- 
plied to several of the meUllio chlorides, e.g, 
chlorides of antimony, tin, bismuth, zinc, Ac. 

BUTYL. A univalent radica \ielding four 
isomeric mono- derivatives : 

(1) (normal); 

(8) CHa'CHt*CHX*CH, (secondary) ; 

(3) (CHa)aCH CHaX ; 

(4) (CHa)aCX (tertUry). 

Butyl Uoxfounds. 

Butyl oleohol. Tetryl alcohol C«H, OH. AD 
the four possible bodies corresponding to ihif 
fomula are known. 

1. Normal butyl akohol: butanol; propyl 
earinnoi CH. CHt'CH.’CH.OH ; b.p. 117*42” 
(oorr.) (Thorpe and Rodger, PhiL Trane. 1894, 
185, ii. 536 ; Bnihl, Annalen, 203, 10) ; q».gr. 
0”«0*8233, 20''a0*8109, 40”«0 7994, 98T-> 
0-7738. 20”/4”«0*8099 (B.) *39909, mol. 

rBfrmotioii-*85^ (B,). Qoenrs in the heavy 
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oil of CogoAO braudy to the extent of 41) p.c. 
la not formed in the fermenution of ^ugai 
produced by elliptical yeaat (Claudon and Monn» 
Chem. Soo. Trans. 1887, iL 7U). Is produced 
by the action of sodium amalgam upon butyryl 
chloride and butyric acid (Saytzeff, Zeit^di. 
<]7hem. 18 40, 108; Lmnemann, Annalen, 161, 178). 
Also by the fermentation of glycerol by BaciUtu 
bWylictu and certaii« other bacteria in presence 
of calcium carbonate and various foodstuffs, 
e.y. ammonium tartrate ; the yield amounts to 
9 p.c. of the glycerol used. Butyric acid and a 
little ethyl alcohol arc also form^ (Fitz, Her. 0, 
13(8; Vigna, Bor. 10, 1318). Is also produced 
by the action of nascent hydrogen (iron and 
acetic acid) upon crotonahlchydo and triohluro- 
butyraldohyde (Lioben and Zcisel, Monatsh. 1, 
825, 842). 

Beyerinck has shown that Mie BaciUns 
bufylicus of Fitz (Ber. 1882, 867) la in reality 
the butyric ferment. The true but^lic ferment, 
OranvL^cter bulylu'umt has been isolateil in a 
pure condition, and an account of tho whole 
termentatioii process is given (J. Soc. ('horn. Ind. 
1804, 167 : thtd, 069). (6Ve also Einiiierling, 
Ber. 1806, 2726; 1897, 461; Buchner and 

MeUenheimer, Ber. 1968, HIO.) 

Properties . — Colourless liquid, soluble in 12 
parts of water, from which solution it can bo 
separated by means of calcium chloride. Soluble 
in concentrated hydrochlorio acid ; is readily 
oxidised to butyric acid. Fused rino chloride 
abstracts water, and yields 3* butylene and 
smaller amounts of normal but>leno (Lo Bel 
and Greene, Amor. Chem. J. 2, 24). 

Bromine acting on n-butvl alcohol yields, 
with some difficulty, mono-brombutaldchydo, 
b.p. 236*’ ((iltard, Compt. rend. 114, 753). The 
action of aluminium amalgam on the butyl 
alcohols, producing liquid aluminium alkoxidos, 
has been studied by Tistslicnko (Chem. Soo. 
Abslr. 1899, L 408). 

2. Iso-butyl alcohol, isopropyl carltnoU 
a-hydroxy p-fnetnylpropnw{CH 9 )sCH ’OH •OH.b.p. 
108'4* (Liiinemaiui, Aiiiialcn, B>U, 238), 107 '5° at 
756 mm., Michael and ZcuIUt (Annalen, 1012^ 
393, 81), 107 (corr.), Thori>o and Utnlger 
(Phil. Trans. 1894, 185, A, 638) ; sp.gr. 0 7206 
at 106-674* (Sohitf, Annalen, 220, 102), 0«i08 
at 0* (L.), 0 8069 at 15716*, 0 8008 at 26726* 
Perkin (Chem. Soc. Trans. 1884, 468); sp. 
heat=:0‘686 ; molecular rotation —4*936 at I7'7* 
(P.); molecular iefracti<9n=:36'41 ; 1*4007. 

Sp.gr. of arjueous solutions (Duclaux, Ann. 
Chim, Phys. [51 13, 91): 


ii. 7 1 4 ) By the retluoiion of tMbutyrio aldehvdi 
with sodium amalgam (Linnemann and Zotta 
Annalen, 162, 11). • 

Properties , — Colourless liquid, soluble li 
10*5 parts of water, from whicii calcium ohloridi 
causes it to separate. Smells l^e fusel oil 
Is oxidised by chromic acffl into t^wbutyrio acid 
acetic acid, carbon dioxide, acotone, and othe 
products (Kniincr, Ber. 7, 252 ; Schmitt, ibid 
8. 1361). Zinc dust yields water and dso 
butylene (Jahn, ibid, 13,* 9^0). 

Treated with iodine tiid aluminium, alumi 
niiim triMobutoxido Al(C^ll.O). is formed. It i 
a liquid which may be distillocf in wcuo (Glad 
stone and Tribe, Chem. Sue. Trans. 1881, 6)« 

/.4obutyI alcohol may ho .oatalytioallj 
oxidisetl to tAobutyl aldehyde. The vH^ur o 
tho alcohol mixed with air, is passed over warn 
freshly reduced cupper spira\p and the product! 
collectwJ. A yield of 6(1 p.o. is obtainable (E 
Orlow, J. Sue. Chem. Inu. 1908, 967). 

When chlorine is passcil into dry isobuty 
alcohol, mid the solution suhsoquently heatec 
gently, the product can be separated i?R(a tw( 
tractions, boiling at 80*~lt9® and 170*-250* 
'J*ht5 lower fra^tion ofinsists of chloriMobufalde 
hyde, boiling at OO^-Ol*; sp.gr. 1*186, 16® /4*. 1 
oombincH with sodium hydrogen sulphite, am 
when oxidiNod withailkalino permanganate yield 
acetone anff Iiy'droxy^wbutyrio acid C(Cil|)|011 
( ’0011, melting at 78*. A lermoleeular polyme 
rule C,sll„(M,()^, which molts at 107% ii 
obtained by shaking with strong sulphuric aoic 
(A. Brochet, Compt. rend. ]14\ 1538). If thi 
alcohol is kert cold, the chief nufdiiot is dickhr 
isobutyl oxide C(Cll,),( TCU( V0-CH|CH(0H|), 
boiling 111 192 5*/760, and qf sp.gr. 1-031, 15*/4* 
Water is without action on this product at lov 
tempt-nituroM, but at 100* nroduccs hydroger 
chloride and a>chlort/iobut<ifdt*hyde' ami d'svo 
butylmonr)ehIorwobutyral(’(ClI,),(.'I*CH((lCJf, 
boiling at 218°, and of sp.gr. 0*9355, 16V^* 
(A. Brochet, Compt. rend. 118, 1280; v. alsc 
Brochot, Bull. Soc*. chim. 1896, 10; ibid. 20). 

When c hlorine is led into hot fsobutyl aico< 
bo], chlorMobutyric>«obulyl osier, a^*dicnlorMO< 
butyric acid, wrvbutyl ester, mono* and dlohlor' 
tsobutyrio aldobydo, isohutyrio acid, oxy^o- 
butyric acid, crotonio acid rO,CO„ and methyl 
chloride are prodiiood. Treating aqueous iso- 


Chim, Phys. [5] 13, 91): 

Oc^n in fusel oil from potatoes and beet 
(Wurte, Ann. Chim. Phys. [31 42, 129). and 
combined with angelic and woutyrio acids in 
Roman, oil of chamomile (Kdbig, Annalen, 
196, 96). 

Preparaliou , — By the aotion of sodium 
amalgam and water upon /3-ohlorMobotyl alcohol, 
which resulte from tne action of bypoohloroua 
acid upon tsebutvlene (Builerow, Annalen, 144, 
24). Is formed in small quantity by the artlo*« 
of elliptioal yeast upon si^r or glycerol 
(Claudon and Morin, Cheac aoo, '’'runs. 18S7, 


chloride are prodiiood. Treating aqueous iso- 
butyl alcohol with chlorine water produces 
Mobutyrio acid, and a-chlortsebutyrio acid 
Mobutyl ester. Chlorine acting on cold dry 
iiobutyl alcohol in the light produces 1 : 2- 
dicblorMobutyl ester (Brochot, Ann. Chim. 
Phys. 17] 10, 363). 

/sebutyl alcohol, when acted on by bromine, 
raa^Jily yields isobutyl bromide, mixsd with 
ii^butyl isobutyrate, and bromisobutaldehyde 
(Etani, Ckiinpt. rend. ) 14. 7031 

(For combinationsandderiTatiTssof isobutyl 
alcohol, V. Gladstone and Tribe, Chem .K'*:. 
Trans. 1881, 6 ; Pierre and Puchot, Annalen, 
163, 274; anu iieindl, Monatsh. 2, 208.) 

3. Secondary butyl alcohol, 2’hydroxybu- 
tane, meth^ ethyl carbinol, butylene hydrate. 

p^‘^CHOUj b.p. 09* fl 738-8 mm. (Liebmi. 
AnoMeo, ISO, 114, ; ip.gr. 0-827 at 0*. 0-810 
at 22* (L.). 

Formed by the aetbn of water upon the 
compound of zinc-e^yl and aldeb*'de t 
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OH.CH(CaH»)OZn(CtH») 

thus: 

0H,CH(0,fl,)0ZnCaH. +H,0 

«C4 H,OH+ZiiO+C,H, 

(Wagner, Ailnalen, 1*^1, 261). Also by acting 
upon secondary butyl iodide with silver acetate 
and saponifying the resulting acetate by means 
of potash Normal butyl alcohol may be 
' changed into the secondary alcohol : the normal 
iodide is heated witL potash, and the normal 
butylene so obtained on treatment with hydri* 
odic acid yields secondary butyl iodide (Saytzeff, 
Zeitsch. anal. Chem. 1870, 327). It may also be 
prepared from the normal isomeride by treating 
n-butylamiUo with nitrous acid (Meyer, Ber. 10, 
130; KanonnikoS and SaytzeS, Chem. Soo. 
Trans. 1876, 626). 

Properties, — Lif^uid, with strong odour ; upon 
oxidation a kttone C.Hj/CO'CH, (b.p. 

80^), and acetic acid (Kanonnikon and SaytzeS, 
Chem. Soc. Trans. 1876, 626). Heated with 
a trac^«of hydrochloric, hydrobromic, or hydri* 
odio^id, in a sea^d tube, to 240°, yields C4H1 
(pseudO'butylene). It has been, separated into 
its optical antipodes by R. Meth (Ber. 1907, 695); 
the alcohol has [a] , 0*32°. 

■•D 

4. Tertiary butyl '*.lcohol, trimethyl 
cairbinol (CHa),C‘OH. A solid; m.p. 25*45° 
(De Forcrand, Compt. rend. 136, 1034) ; b.p. 
82*D/f* (corn) (linnemann, Annalen, 162, 26); 
81*6°-82° (Perlun, Chem. Soc. Trans. 1884, 468) ; 
82*25° (Thorpe and Rodger, Phil Trans. 1894, 
ii. 539). Sp.gi. 0*7792 at 37° (L.) ; 0*7788 at 30° 
(Butlerow, Annalen, 162, 229) ; 0*7864 at 
20°/4°. 0*7802 at 26°/4° (Briihl, Annalen, 203, 
17); 0*7836) at 26^/26°, 0*7761 at 35°/36° ; 
molecular rotation at 24*3°=35’122 (P.) ; 

1*3924^ molecular refraction=s36’63 ; crit. 
temp.«»234*9° (Pawlewski, Ber. 16, 2634). 

Formed from tsobutyl iodide by treatment 
with acetic acid and silver oxide (Linnemann; 
Butlerow, Annalen, 168, 143) ; also from ieo- 
butylamine by treatment with nitrous acid, and 
from Mobut^rl oarbijiide C0*N*C4H4, by action 
of potash (Linnemann, Annalen, 162, 12). Can 
be prepar^ by allowing 20 grams of tertiary 
butyl iodide and 50 grams of water to stand in 
contact for two or three days (Dobbin, Chem. 
Soo. Trans. 1880, 238). 

Jrobuty] alcohol heated with excess of hydro- 
chloric acid yields a mixture of secondary and 
tertiary butyl chlorides, and when heated with 
six volumes of water only the latter is decom- 
posed, yielding the alcohol and hydrochloric 
acid (Fret}nd, X Pharm. Chim. [2l 12, 26). 

Properties , — ^Forms rhombic plates or prisms. 
Unites with water to form a liquid hydrate 
2C4 H,oO,H 40 (b,p. 80° ; 8p.gr. 0*8276 at 0° 
(Butlerow, Annalen, 162, 229). On oxidation 
^Ielda.AQptone, carbon dioxide acetic acid, and 
a smaUquAitity of isobutyrio acid (Butlerow, 
Zeitsch. Chem. 1871, 486). 

^ The existence of the hydrate 04HioO,2HsO, 
m.|k 0°,*i8 confirmed by oryosoopio, density 
and viscosity determinations (Patemb and 
l^lif Atti B. Aooa<fi LincjL 1907 (v.), 16, ii. 

In sunUglft it oomtXnes with chlorine, form- 
ing tertiarjL butyl chloride and other substances 
(ff Otteppe,i?. 1881, 612). f 

1 i 


I Trimethyl oarbinol exr lodes feeblr when 
treated with bromine, yielding isobutylene 
bromide joilmg at 148° 

(£tard, Compt. rend. 114, 763). 

Tertiary butyl alcohol has a slightly narcotic 
action when taken internally, and is found in 
the urine in combination with glycu^onio acid 
(Thierfelder and v. Mering, Chem. Soo. Abstr. 
1886, L 1002). 

Nitrohydroxybutanes may be obtained quanti- 
tatively as follows: By the action of nitromethane 
on formaldehyde, in presence of a little potassium 
carbonate, tertiary nitrotrihydroxy butane 
N04*(CH40H)4, a white crystalline solid, melting 
at 168°-159°, is produced. Nitroethane pro- 
duces tertiary nitrodihydroxybutaneN04*C(CH,) 
(CH,0H)4, melting at 139°>140°. Secondary 
nitropropane yields nitrotrobutyl alcohol 
N04‘C(Me)4*CH40H, melting at 82° (L. Henry, 
Compt. rend. 1895, 121, 210). 

Butyl bromides. Totryl bromides C^H^Br. 

1. Normal butyl bromide, a-bromobutane 

CH**CH,*CH4*CBi4Br ; 

b.p. 99*9* (corr.) (Linnemann, Annalen, 161, 
1931 ; sp.gr. 1*3050 at *0°, 1*2792 at 20°. 1*2671 
at 40° (Lieben and Rossi, ibid. 158, 161). 

Formed from normal butyl alcohol and 
hydrobromic acid (L. and R. Tabouiy, Bull. 
Soc. chim. 1911 [iv.] 9, 124). 

By the action of bromine, o^-dibrombutane 
C4H4Br| (b.p. 166°) is formed (L.). 

2. Isobutyl bromide, abromoS-methyl 
propane (CH|)fCH CH|Br ; b.p. 92*3* (corr.) 
(Linnemann, Annalen, 162, 34) ; 91*3° (Perkin, 
Chem. Soc. Trans. 1884, 469); 91*7° (corr.) 
(Thorpe); sp.gr. 1*2038 at 16* (L.), 1*2722 at 
16°/16°, 1*2698 at 26°/26° (P.). Molecular 
rotation 8 *003 at 16*2° (P.). From wobutyl 
alcohol, bromine, and phosphorus (Wurtz, 
Annalen, 93, 114). Unites with bromine at 
160° to form C4H7Br4 (L.), Pure wobutyl 
bromide is an unstable substance, both in the 
liquid and gaseous states, when heated. 

3. Tertiary butyl bromide, P-bromo-p-methyl 
propane (CH4)4CBr ; b.p. 72° at 761*6 mm. ; 
Sp.gr. 1*216 at 20°, 1*2020 at 16°/16°, M892 at 
26°/26° ; molecular rotation =8*238 at 17*8° (P.). 
Formed when wobutyl bromide is heated to 240° 
(Eltekow, Ber. 8, 1244). Also from trimethyl 
carbinol and phosphorus pentabromide (Reboiu, 
J. 1881, 409). May also be prepared by leadiim 
wobutylene into a solution of hydrobromic acid 
of sp.gr. 1*7 (Boozebjom, Ber. 14, 2396). Is 
readily decompmd at 300° into wobutylene 
and hydrobromio acid. Water, in the cold, 
forms the aloohoL 

Tribrorriio tert-butyl alcohol (brometone) 
04H70Br4, m.p. 167°-176°, forms white crystals, 
has a camphor-like taste and odour, is slowly 
volatile in air, and can be distilled with steam 
(Aldrich, J. Amer. Chem. Soc. 1911, 33, 386). 
For pharmacological properties, see Houghton 
and AldrioL, Proo. Amer. PhysoiL Soo. 1902). 

4. Secondary butyl bromide, Pdrrom- 
butane 0H,*0H,*CHBr CH, ; b.p. 90°-63° (V. 
Meyer and Millier, J. pr. Chem. [2] 46, 183) ; 
obtained from secondary butyl alcohol the 
action of hydrobromio acid, and yields p (7)- 
dibrombutane by warming with iron and 
Ordmine. 

For observations on the course of the intra- 
molecular jbransfomiations of the butyrbiomidis 
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and chloridea, see Michael aad Leopold, Annalen, 

1911, 370, 263 ; Michael and Zeimer, Annaien, 

1912, 393, 81 , Michael, Scharf and Voigt. 
T. Amer. Chem. Soc. 1916, 38, 663. 

Butyl chlorides. Tetryi chlorides 0|HaCi. 

1. Normal butyl chloride, a-cMonutane 

CH,CH,CH,CH,C1 

b.p. 77 96° (corr.) (Linnemann, Annaien, 61, 
197) ; 8p.gr. 0-9074 at 0°, 0*8874 at 20° (Lieben 
and Rossi, ibid, 168, 161) ; 0*9074 at 0° (L.), 
0*8972 at 14°. Formed by the action of chlorine 
upon n-butane (Pelouze and Cidiours, J. 1863, 
524). More easily by the action of hydrochloric 
acid upon n-butyl alcohol (Lieben and Rossi). 

2 . leobutyl chloride, B-methyl-a-chlorpro- 
pane (CH,),CH*CH,C1 ; b.p. 68*6° (Linne- 
mann, Annaien, 162, 17) ; 68*6°-69° (Parkin, 
Ohem. Soc. Trans. 1884, 461) ; 69*02° (corr.) 
(Thorpe) ; 8p.gr. 0*8798 at 16° (L.), 0*8963 at 0°, 
0*8661 at 27*8°, 0*8281 at 69° (Pierre, Puchot, 
Annaien, 163, 276), 0*8836 at 16°/16°, 0*8739 at 
25°/26° ( P. ). Molecular rotation at 2 1 *3° = 6* 144 
(Perkin). Formed by the action of hydro- 
chloric acid or PCI5 upon the alcohol (Wurtz, 
ibid. 93, 113). By the action of chlorine, heza- 
chlorbutane is pr^uced. 

/sobutyl cmoride is also produced by the 
interaction of chlorine and isobutane in diffused 
sunlight (Mabery and Hudson, Amer. Chem. J. 
19, 246); and also by treating Mobutylamine 
cooled to —16° with nitrosyl chloride (Solonina, 
Chem. Zentr. 1898, ii. 887). 

3. Tertiary butyl chloride, fi-methyl-fi^ 
chlorpropane (CH|)|CC1 ,* b.p. 61°-62° (Perkin, 
Chem. Soc. l^ans. 1884, 461); spgr. 0 8658 
at 0° (Puchot), 0*8471 at 16°/15*, 0*8368 at 
25®/26°; molecular rotation at 15° = 6*267 
(Perkin). 

Formed (1) by the chlorination of tertiary 
butane (Butlerow) ; (2) by the action of iodine 
monochloride upon tsobutyl iodide (Linnemann, 
Annaien, 162, 18) ; (3) by the action of hydro- 
chloric acid upon Mobutylene at 100° (Zalessky, 
Ber. 5, 480 ; Le Bel, Bull. Soc. chim. 28, 462) ; 
(4) by saturating trimethyl carbinol at 0* with 
Hd gas (Schramm, Monatsh. 9, 619). 

HMted with five or six vols. of water to 100°, 
the alcohol is produced (Butlerow, Annaien, 
144, 33). Chlorine in difihised daylight, in the 
cold, forms C4H^C1, (b.p. 106°-107°), C.H^Cl, 
and C4H4C34, whilst in direct sunlight C4H4CI4 
(b.p. in partial vacuum about 116°), and other 
prraucts are formed (L*Ottreppe, J. 1882, 441). 

Tertiary butyl chloride is also formed by the 
action of I%)lg on trimethyl carbinol ( Janschenko, 
Chem. Zentr. 1897, iL 334). It also results, 
together with isobutyl chloride from the action 
of nitrosyl chloride on tertiary butylamine in 
xylene solution at -rl5° to —20° (Salonina, 
ibid, 1898, u. 888). 

4. Secondary butyl chloride, $-chlorbbu- 
tane CHt'CHj'CHCl'CHj, is produced by the 
action of nitrosyl chloride on secondary butyl- 
amine in Selene solution at —20° (Solonina, 
Chem. Zentr. 1898, ii. 888). 

Butyl eyanates. Only the tso-cyanates have 
been described. 

1. Jeobut'yl isocyanate, iaobutyl oarbi- 
mide (CHt)|C£[-CH.*NCO ; b.p. 110° obtained 
by the distUlaidon of isobutyl iodide with^siller 
oyanate and sand (Brauner, Ber. 12, 1877). 


2. Tertiary butyl isocyanate 
(CH,),C*NCO; 

b.p. 86*6° (corr.); sp.gr. 0*8676 at0°; remains 
liquid at —26°. Is formed, together ujth other 
substances, when silver oyanate acts upon isobutyl 
iodide (Brauner, Bor. 12, 1874). ^By the action 
of hydroohlorio acid, foAns tertiary butylamine 
(CHslaC-NH,. Potash ^produces symmetrical 
dit.sobutyl urea, melting at 242°. 

Butyl eyanldes, C4H»CN. • , 

1. Normal butyl cyanide, valeronitrile 

CHj CH. f^H. CH.CN ; 

b.p. 140*4° at 739*3 mm.; 8p.gr. 0*8164 at 0° 
(Lioben and Rossi, Annaien, 158, 171). 

2. Isobutyl cyanide (CH*).*CH*CH, CN ; 

b.p. 126°~128° at 714 mm. (K-uena^er and 
Hell, Annaien, 160, 266); 129*3°429*6° at 

764*3 mm. (R.Sohiff. Bor. 19,667); 8p.gr. 0*8227 
at 0°, 0*8069 at 20° ( Erlenmelrer and Hell ) ; 0*692 1 
at 129°/4° fS.). Formed by the bzi^tion of 
gelatin (Schlieper, Annaien, 69, 16) or casein 
(Qunckelberger, ibid, 64, 76) with chromic ackl ; 
also by the action of PjOg upon ammonium 
tsovalerate (Dumas, Malaguti, and Tjtblano, 
ibid. 64, 334).^ May be prd^red by heating 300 
grams isobuty] iodide, 08 grams of potassium 
cyanide, 98 grams of alcohol, and 26 mms of 
water for three days on the water- bath (Erfjsn- 
meyer aiyd Hell).* 

3. Tertiary butyl cyanide (CH|),C*CN ; 
m.p. 16°-16°; b.p. 106°-106°. Formed by 
mixing 100 parts of tertiary butyl iodide, 110 
parts of mercury potassium cyanide Hg(CN)a* 
2KCN with 76 parts of dry mggpesia, and allow- 
ing the miii^turo to remain for two or three days 
at a temperature not exceeding 6°. The mass is 
then treated with watea and distilled on the 
paraffin-bath (Butlerow, Annaien, 170, 154). 

4. Secondary butyl cyanid^ methylethyl 
acetonitrile CaH.-CHj’CH'CN ; b.p, 126°; bp.gr. 
0*8061 at 0°. Sodium (^ eqv.) is dissolved in 
acetonitrile in benzene, and ethyl iodide (1 eqv.) 
added (Hanriot and Bouvcault, Bull. Soc. chim. 
(3), 1, 172). 

Butyl hydrides. Butanes, tetranes. 

1. Normal butane? diethyl, methylpro- 
pane CH,*CH,*0H, CH, ; b.p. 1° (Butterow. 
Zeitsch. Chem. 1867, 363) ; —0*3°, Burrell and 
Robertson ; sp.gr. 0*60 at 0° (Ronalds, Chem. 
Soc. Trans. 1866, 64). Critical temp. 153*2 ; 
critical press. 35*07 atm. Occurs in crude 
petroleum (Ronalds, Lefebvre, Zeitsch. Chem. 
1 869, 1 86). Formed by heating ethyl iodide with 
zinc to 150° (Frankland, Annaien, 71, 173 ; 
Schoyen, ibid. 130, 233). Also by the action of 
sodium amalgam upon ethyl iodide (L5wig, 
J. J860, 397). A colourless gas, insoluble in 
water. 1 vol. of alcohol at 14*2° and^44*8 mm. 
absorbs 18*13 vols. of butane (Frankland). 

2 Isobutane, trimeihylmethane (CH9)sOH. 
Formed by heating 0*9 part of tsobutyl iodide 
with 2*4 parts J of alummium chlprid>^U) 
(K6hnlein,^er. 16, 562). Also by the action of 
zinc and, water upon tertiary butyl iodide 
(Butlerow, Annaien, 144, 10;. The gas> is 
readily soluble in alcohol, from which it can be 
expelled by dilution with water, b.p. —13*4°; criti- 
cal temp. 133*7 ; mtical press. 36*64 atm. Vapour 
pressure may be roprewuted byi^he formula : 
log P-i-1632*661/T+4:76 log T-0*0168873 
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(Burrell and Robertson, J. Amer. Chem. Soc. ! 
1915, 37, 2482). 

CH,— CH, 

0. CyclohhLtantt tetrametbylene, J | 

* OHj— CHf 

has not yet been obtained, but i^ny derivatives 
have been pfepared ^y Perkin (Chem. Soo. 
Trans. 1893, 693 ; 1894. 950). 

Butyl iodides. C4HtI. 

1. Normal htCjiyl iodide 

CHj CHa'CHa CH.I ; 

b.p. 129’8* (corr.) (Linnemann, Annalen, 16J, 
196) ; 130*4®-131*4® at 746*4 mm. (Briihl, ibid. 
203, 21) ; sp.gr. 1*643 at 0®, 1 *6136 at 20® (Lieben 
and Rossi, ibid. 158. 163), 1*6166 at 20®/4° 
(Briihl).* tFrohi n-butyl alcohol and hydrio^c 
acid (Linnemann, &nd, 161, 196). By the action 
of iodine trichloride at 250* it yields hexa- 
chlorethane^CjCl* (Krafft, Bor. 10, 806). 

2. Isohutyl iodiUe, a-iodo-p-mdhylpro- 

par^e (CH,)4*CH*CH,T ; b.p. 120-0® (corr.) 
(Linnemann, Annalen, 160, 240 ; 192, 69 ) ; 

83®-84*2f^ at 260 mm. (Perkin, Chem. Soc. 
Trans. 1884, 461) ; ]r:9*94® (Thorpe and Rodger, 
Phil. Trans. 1894, A, Jl, 470) ; sjf.gr. 1*6401 at 
0® (L.), 1*6066 at 20®/4® (Briihl, Annalen, 203, 21), 
1*6138 at 16®/16®, 1*6007 at 26®/25® (P.). Mole- 
oulhr rotation at 19*4®=12*19^ (P.). From iso- 
butyl alcohol, phosphorus, and iodine (Wurtz, 
Annalen. 93, 116). 

3. Secondary butyl iodide, fi-iodobuiane 

CjH.-CHI CH, ; 

b.p. 117*-] 18® (Luynes, Bull. Soo. ohim. 2, 3); 
119*-120* (Lieben, Annalen, 160, 96); sp.gr. 

1 '6263 at 0*/0* 1 *6962 at 20®/0*, 1 *6787 at 30®/0® 
(Lieben). Formed^ by<distiiling ervthritol with 
hydriodio acid (Luynos) or from n- butylene and 
hydriodio acid (Wurtz, Annalen, 162, 23). (See 
also 0.arke, Cnom. Zentr. 1908, ii. 1016.) 

4. Tertiary huiyliodide, $-methyl>fi-iodo- 
propane (CH3)9CI ; b.p. 98®-99* (with decom.) 
(Butlerow) ; 100*3® (Puchot, Ann. Chim. Phys. 

646); sp.gr. 1-671 at 0®, 1-479 at63*(P.). 
From tertiary butyl alcohol and hydriodio acid 
or isobutylene and hydriodio aoid (Butlerow, 
Annalen, 144, 6, 22) ; is easily decomposed (by 
silver oxide, potash, or by heating with zino 
and water), into hydriodio aoid and isobutylene 
(Butlerow, Zeitsoh. Chem. 1867, 362). Is also 
decomposed by water in the cold, yielding 
hydriodio acid and tertiary butyl alcohol. On 
heating with sodium, yields a mixture of hydro- 
gen, isobutylene, and triisobutylene (C13H34) 
bobbin, Chem. Soo. Trans. 1880, 236). 

Butyl meroaptans C4H3-SH. 

1. Norrral butyl mercaptan 
* CH.-CH.-OHj CHj-SH; 
b.p. 97*-98* ; sp.gr. 0-858 at 0® (Saytzeff and 
Grabowsky, Annalen, 171, 261 ; 176, 361). 

.Jl. leobutyl mercaptan 
^ •(CH,),0H-CH,SH; 
b.p. 88*; 8p.gr. 0-848 at 11-6* (Humana, Annalen, 
96, 266), 0-83673 at 20®/4* (Nasini; Ber. 16, 

2882). a 

3. Secondary butyl mercaptan 
C,H4*CHfSH)CH,; 

b.p. 84*-86* ; sg gr. 0*82^ at tl\ The mercury 
compound (0«H|S)gHg imlts at 180* (Reymann, 
Ber. 7, 1287 ).« 


4. Tertiary butyl mer^.aptan 
(CH,),C*SH 

is prepared from tertiary butyl iodide, zino 
sulphide, and alcohol (Dobbin, Chem. Soo. 
Trans. 1890, 641). It boils at 66*-67*, and 
solidifies in a freezing mixture. 

Butyl nitrates. 

1. Normal butyl nitrate 

CH.CHjCHgCHg-O-NO,; 
boils at 136* ; sp.gr. 1*048 at 0* (Bertoni, Gazz. 
chim. itah 20, 374). 

2. leobutyl nitrate (CH,)2CH*CH|*0*NO| 
b.p. 123* ; sp.gr. 1-0384 at 0®, molecular rotation 
at 8-9®=6-18 (P.) ; molecular refraction aB46*72 
(P. ); b.p. 123-6*-124*6* (Perkin, Chem. Soo. Trans. 
1889, 684), 8p.gr. 1*0334 at 4*/4*, 1*0264 10*/10*, 
1*0124 25®/26* (P.). From silver nitrate, urea, 
and isobutyl iodide (Wurtz, Annalen, 93, 120 ; 
Chapman and Smith, ZeitscL Chem. 1869, 433). 

3. Secondary butyl nitrate boils at 124*; 
sp gr. 1-0382 at 0* (Bertoni, Gazz. chim. ital. 20, 
376). 

Butyl nitrites, nitrobutanes OgH^NOg. 

1. leobutyl nitrite (CHjlgCH-CHg'NOg ; 
b.p. 67®; sp.gr. 0-89445 at 0® (Chapman and 
Smith, Zeitsch. Chem. 1869,433), 0-8878 at 4V4®, 
0-8806 at 10®/10*, 0-8762 at 16®/16*, 0-8702 at 
20®/20*, 0*8652 at 26*/26*,‘ molecular rotation at 
8-2*»5‘51 ; molecular refraction —43-9 (Perkin, 
Chem. Soc. Trans. 1889, 686 and 767). I^epared 
by mixing isobutyl alcohol and sulphuric acid, and 
gradually pouring the cooled mixture, into an 
aqueous solution of sodium nitrite (1:3); the 
upper layer, consisting of isobutyl nitrite, is 
decanted, washed with potassium carbonate 
solution, and dried. It is a pale-yellow liquid, 
is apt to become acid by keeping, when 
rapid decomposition sets in. Taken medi- 
cinally, lowers the blood pressure and produces 
respiratory paralysis (Dunstan and Woolley, 
Pharm. J. [3] 19, 487). 

2. Tertiary butyl nitrite (CHj)3C-NOg; 
b.p. 63* ; sp.gr. 0-8914 at 0* (Bertoni, Gazz. chiuL 
ital. 16, 361); 67*-6S® (Tscherniak, Annalen, 180, 
166). From the alcohol and glyceryl nitrite 
(B.) ; also from the iodide and silver nitrite (T.). 
A yellow, mobile liquid; soluble in alcohol, 
ether, and chloroform ; sparingly soluble in 
water. 

Aromatic nitrobutyl derivatives. 

The butyl derivatives of many aromatic 
nitrohvdrocarbons have a musk-like odour, and 
are sold as ' artificial musk.’ ^Muek Baur, tri- 
nitro m^tobutyl toluene C3H(CH3)(NO.)3C(CH3)|, 
is formed by nitrating meta but^l toluene with 
fuming nitric and faming sulphuric acids. Butyl 
toluene is formed by Friedel and Graft’s method, 
as described below, by the action of tertiary 
butyl bromide on toluene in the presence of alu- 
minium chloride. Butyl benzene, ethyl benzene, 
and xylene are formed at the same time. 

An unsymmetrical butyl cresol is formed 
by adding butyl alcohol and zinc chloride to 
meta-cresol. \Vhen etherified and nitrated, 
possesses the odour of civet (A. Baur, J. Soo. 
Chem. Ind. 1892, 307 ; Dingl. poly. J. 273, 622 ; 
J. Soo. Chem. Ind. 1894, 1218). 

Butyl xylene may be prepared by passing a 
current of isobutylene gas through a mixture of 
6 Lilob. m-xylene, 60 grams i^utyl chloride, 
and 200 grams aluminium chloride at 10*.^ The 
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product is washea with water, and the fraction 
of the oil boiling at 200*>302* collected. Gaseous 
hydroohlorio and hydrobromio acids may be 
employed to start the reaction (Act Gesell. ffir 
Anilin-Fabriken, Fr. Pat. 372603). 

Butyl ethers (C4H,),0. 

1. hormal butyl tiher; b.p. 140*6® at 
741*6 mm. (Lieben and Rossi, Annolen, 165, 110); 
8p.gr. 0-784 at 0®, 0 7685 at 20® (JL. and R.), 0-7866 
at 0® (Douiner, Annalen, 243, 8). By the action 
of the sodium derivatives of the alcohol upon 
n-butyl bromide (Reboul, Compt. rend. 108, 39). 

2. Idohutyl ether [(CHalsCH-CHsl^O ; b.p. 
122®-122-6® (Reboul, Compt. rend. 108, 162); 
8p.CT. 0-7616 at 15® (R.). From isobutyl bromide 
and sodium wobutyUte (R.). The action of 
isobutyl iodide upon potassium Mobutylate — 
which, according to Wurtz, yields this ether — 
really gives a mixture of ditsobutyleno and tea- 
butyl alcohol (Reboul). 

3. Secondary butyl ether 

[CA-CH(CHa)].0; 

b.p. 120®-121®; 8p.gr. 0-756 at 21® (Kessel, Anna- 
len, 176, 50). From ethylidene chlorhydrin, and 
zinc ethyl (K.). Formed in mere traces only by 
the action of secondary butyl bromide upon the 
sodium derivative of the secondary alcohol 
(Reboul, Compt. rend. 108, 162). Reboul ob- 
tained also the following mixed ethers ! — 

Secondary butyl tsonutyl ether; b.p. 121®- 
122®; 8p.gr. 0-7052 at 21®; 

Normal butyl tsobutyl ether; b.p. 131-5®; 
8p.gr. 0*763 at 15*5; 

Normal butyl secondary butyl ether ; b.p. 
131®; 8p.gr. 0-7687 at 15®; 

Normal butyl tertiary butyl ether ; b.p. 124®, 
but could not obtain the secondary, tertiary, and 
the ditertiary ethers (Bull. Soc. chim. [31 2, 
26). 

Butyl sulphides. 

1. Normal butyl sulphide 

[CH,(CHa),],S; 

b.p. 182®; sp^. 0*8523 at 0® (Saytzeff, Annalen, 
171, 253). ]^m butyl iodide and potassium 
sulphide. Fuming nitric acid yields the sui- 
phone (CiHflsSOt (m.p. 43*5®) (Grabowsky, 
Annalen, 175, 348). Nitric acid of Bp.gr. 1-3 
converts it into the oxide (04214)480, melting 
at 32®. 

2. Isobutyl sulphide [(CHslaCH-CHaJjS ; 
b.p. 172®-173® at 747 mm. (Grabowsky and Sayt- 
zeff, Annalen, 171, 264), 170-5® at 752 mm. 
(Beckmann, J. pr. Chem. [2] 17, 445) ; sp.gr. 
0*8303 at lO® (B.). 

Isobutyl disulphide (C4H4)4S|; b.p. 220* 
(Spring and Legros, Ber. 16, 1040). 

3. Secondary butyl sulphide 

(CH.-CH-CaH.ljS; 

b.p. 166®; Bp.gr. 0*8317 at 23® (Reymann, Ber. 7, 
1288). 

Butyl thloearbimides. Butyl mustard oils; 
Mothiocyanates. 

1 . Normal butyl thiocc^bimide 

(C4H,)NCS; 

b.i». 167* (Hofmann, Ber. 7, 612). From 
»-Duty]amine, carbon disulphide, and alcohol 
(H.). 

2. Isobutyl thiocarbimide 

(CH*),CH*CH4*NCS; 

b.p. 162*; sp.gr. 0*9638 at 14* (Hofmann, Ber. 7, 
611). 


3. Secondary butyl thiocarbimide 

0gH4*0H(CH,)N0S; 

b.p. 169-5*; 8p.gr. 0*044 at 12*. Oot^urs in the 
ethereal oil from spoopwort {CocM^ria 
tuUis) (Hofmann, Ber. 2, 102 ; 7, 512). 

4. Tertiary butyl thiocarf\imide 

(CH,),tjN:CS; 

m.p. 10-6®; b.p. 140® atV70-3 mm.; sp.gr. 0*0187 
at 10®, 0*9003 at 34® (Rudnew, Bull. Soc. chin 
1880, 300). Has a pleasant aromatic odoul. 

* 

BUTYT.&MINSS. 

1. Monobutylamlnes. 

(a) Normal butylamine, aminobutant 

CH.CH.CH.CH.NHjj 
b.p. 75*5® at 740 mm. (Lieben and Possi, Annalen, 
168, 172); 8p.gr. 0*7653 at 0®, 0*7333 at 26* (L. and 
R.), 0*7401 at 20* (Linnonianii and Zotta, Annalen, 
162, 3). Formed by the action of potassium 1^- 
droxide upon butyl cyanato (Lieben and Rossi) ; 
also from propyl cyanide by zinc and sulphuric acid 
(Linnomann and Zotta, Annalen, 162, 3), or fr>ra 
nitrobutano by action of tin and hydrochloric 
acid (Zttblin, Bor. 10, 2083). Is miscible with 
water; roducos copper, mlvor, and mercury 
solutions in presence of alkalis. The chloride 
forms a 3-0II0W crystalline compound with FtCli, 
which is almost insoluble in cold water. 

(b) Isphutylamine, a-amino-S-methylpro- 
pane (CH,),CH*CIl2*NlIa ; b.p. 68® (Schiff, W. 
19, 665), eS’^-OO® (Perkin, Chom. Soc. Trans. 65, 
694); ap.gr. 0*7357 at 55® (Linnemann, Annalen, 
162, 23), 0*7464 at 4®/4®, 0*7408 at 10®/10®, 0*7363 
at 15®/ 16®, 0*7283 at 26®/25*; mol. rot. at 
15*3® 5 69 J ; boat of combustion 720,990. 
From tsobutyl cyanato and potash (Linno- 
mann, Annalen, 162, 2?) ; also from isobutyl 
iodide and ammonia (Hughes and Romor, Bor. 7, 
611); also from tsobntyl chloride ^nd ammonia 
dissolved in water or iflobutyl alcohol. AL three 
isobutylaminesaro produced, the triwobu^ylamine 
in largest quantity. 3'he bases can then be 
separated by means of ethyl oxalate. The 
product is first soparatod into two fractions, the 
one rich in the mono»sobutylamine, the other 
rich in the di- and tri-' compounds. To the 
former water and then ethyl oxalate are added ; 
the primary base is thus converted into the 
oxamide C^02(NHC4H4)2, which is almost 
insoluble in boiling water, the secondary 
amine being changed into the ethyl oxamate 
C4H40*C*0,N(C4H4)2. The other fraction 
(anhydrous) being poured into ethyl oxalate, the 
primary and secondary bases are converted into 
oxa mates. The tertiary base is distilled off, and 
the oxamates are saponified by heating with 
slaked lime. The calcium oxamxtes can be 
separated by crystallisation, the diiiA)butyloxa- 
mate being the more soluble in alcohol, from 
which it separates in slender silky needles 
(Malbot, Compt. rend. 104, 228). 

Can be pro luced by heating i«ob"^T! alcohol 
with amironiacal zinc chloride to (Mwz 
and Gasiorowski, Ber. 17, 624), or by the action 
of caustic potash (10 p.o. solution) upon a mix- 
ture of bromine and wovaleramide vO<inal mole- 
cules) at 60® (Hofmanr, Ber. 16, 769). 

BHxed with 'yater, contraction and develop- 
ment of heat are pnx^uced. A»inixture of equal 
volumes of water and tmbutylamine has a 8p.0r. 
of 0*9002 at 16®/15®, instead of the oalo. density 
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(^*8081 (Perkin, Chem. 600. Tram. 1880, 606). 
With abeolate aloohol and the amine eimiJar 
rciiultfl were obtained, the •p.gr. of a miztore 
of equal volumes being 0'701 at 16*/16*, instead 
of 0*7 06k, the calculated number. 

(c) Secondary hutylamine 

h.p. 68*: *P*gi^* 0*718 at 23*(Monf)ohutkiD, Chem. 
Zentr. 1808, i. 702). Formed by the action of 
i)ottikh upon secondary butyl emanate, or of am- 
monia upon secondary^ butyl iodide (Hofmann, 
l*er. 7, 613). Also by tbe action of dilute sul- 
I hurio acid upon secondary butyl mustard oil 
(Heymann, Ber. 7, 1280). 

By the reduction of methyl ethyl ketoxime 
ijy nyc^geii^ and finely divided nickel at 
160*-l70*, secondary butylamine and di- 
socondary butylamine are produced. They are 
liquids, the latter lOiiling at 132*/768 mm. and 
forming an*oxalate nioTting at 104* (Mailbe, 
Compt. rend. 1006, 113). 

* S^ondary butylamine has been separated 
into its pptical antiiiodes by Thom4 (Ber. 1003, 
682) 7*42* at JO*. 

(d) Tcrftary hutylamine (UHJjC'NH^; 
b.p. 46*2* at 760 mm. (Rudnew, Chem. 80c. 
Abstr. 1870, 40, 141); 43*8* at 760 ram.; sp.gr. 
0*7137 at 8‘, 0*7064 at 8*, 0^^931 at 16* (R.). 
Formed in small quantity by the action of 
potash upon tsobutyl cyanate (Linnemann, 
Aimalsn, 102, 10; Hofmann, Ber. 7, 613). AlbO 
ns a by-product in preparing trimethyl acetic 
acid from irimothyl oarbinol iodide and mercuric 
cyanide (Rudnew). 

2. DIbutylamlnei. 

(а) Di-normal butylamine 

(0H,0HgCH,*0Ha),NH ; 
b.p. 160*. formed in small quantities by the 
actioh of potmh upon butyl cyanate (Lieben and 
Rossi, Annalon, 168, 176) ,* also by the action of 
butyl ehloride on ammonia (Berg, Ann. Chim. 
Phys. [7], 3, 204). Gives [(C4H,),NH*Ha],PtCl4; 
yellow no^es, almost insoluble in cold 
water. 

(б) Di-ieo-hutylamine 

|(CH,),CH(^lf,],NH; 

b.p. 136*-137*; sp.gr. 0*7677 at 474* 0*7491 at 
16716*. 0*7426 at 26*/26* (Perkin, Chem. Soc. 
'i'rans. 1889, 607). From i^butyl bromide and 
alcoholic ammonia at 160* (Ladenburg, Ber. 12. 
949); also from isobutyl alcohol and ammoniaoal 
zinc chloride at 270* ( Herz and Qasiorowski, Ber. 
17, 627). The hydrochloride fC.H,),NH Ha 
forms plates or leaflets easily soluole in alcohol 
and water, slightly in ether. The platinum com- 
pound forns dark-red prisms, soluble in water, 
alcohol, and ether (Miubot, Coi^t. rend. 104, 
866). The nitroso- derivative (Cf4Hg)|N*NO is 
a disa g r e e a bly smelling oil; m.p. 0*; b.p. 
213*-210* (with decomposition) ; obtained by the 
aotSoA ol potuttium nitrite upon the hydro- 
ohloride (liMenburg, Ber. 12, M9). 

(c) Di-tertiary butylamine 
c [(CHJ,C]4NH; 

produced as iodide whqo tertiary butyl iodide 
and tertiary butylamine are l^ted to 60*; at 
70* the mixtun* is deoqpsposM, formin|E uo- 
butylene and tertiary hntylammonium iodide 
(Rudnew). The iodkle is eimv soluble in water 


or alcohoJ; on heating the aqueous solution 
evolves tertiary butylamine. 

3. TrlbatylunlnM. 

(a) Tri-normal butylamine (C Jim) Jd;h.p, 
211^-216* at 740 mm.; ^gr. 0-791 at 0^,0-7782 
at 20*, 0*7677 at 40*. i^m butyl eyanate and 
potash, together with the mono- and JU- com- 
pounds (Lieben and Rossi, Annalen, 166, 116). 
With butyl iodide forms iodide of tetrabutyi- 
ammonium N(C4H4)4L which crystallises in 
small plates (L. and R.). Also by the action of 
ammonia on butylchloride ; b.p. 216*6* (Berg. 
Ann. Chim. Phys. [7J 3, 299). 

(b) Tri-ieo-butylamine (C4H4)4N ; b.p. 
177*-180* (Reimer, Ber. 3, 161); 184*-186* 
(Sachtleben,Ber. 11.733). Sp.gr. 0*786 at 21* (S.). 
From diMobutylamine ana Mobutyl bromide 
(R.) From the alcohol and ammoniacal zinc 
chloride at 270"^ (Mens and Gasiorowski, Ber. 17, 
627); also from tmbutyl iodide and aqueous 
ammonia at 160"' (Malbot, Compt. rend. 106,674). 
Is not miscible with water. Forma salts with hy- 
drochloric. nitric, and sulphuric acids, which are 
extremely soluble and cr^'stallise with difiioulty. 
The platinum double salt forms large ruby-rM 
crystals (Malbot, Compt. rend. 104, 366). 

Butylenes C 4 H.. Three isomeric butylenes 
are possible and all are known. 

1. Normal {a)-hutylene. Ethyl ethyUne 
CH. CH, CHtCH. ; b.p. - 6*. 

Formation. — From normal butyl iodide and 
alcoholic potash (Saytzeff, J- pr. Chem. [2l 3, 
88; Grabowsky and Saytzeff, Annalen, 179, 
330). From bromethylene and zino-ethyl 
(Wurtz, Annalen, 152, 21), together with butyl 
alcohol. From normal butylamine and nitrous 
aoid(V. Meyer, Ber. 10, 136). Prepared by digest- 
ing on the water-bath 100 grams normal butyl 
iodide, 200 grams potash, and 160 grams 
alcohol (90 p.c.) (8.). A gas at ordinary tempera- 
tures, whion combines readily with hydnodio 
ac id to form secondary butyl iodide; and with 
bypoohlorous acid to form chloromethylethyl 
carbmol CHj*(’H,*CH(OH)*CH|Cl. Pass^ over 
copper heated to redness forms butadiene 
CH* : CH'CH : (’Hf, wliich may be polymerised 
to rubber by means of metoliic sodium (£ng. Put 
9722, 1911). . . , , 

2.8-Butylene. SymmetrtcaidimHhylethyl- 
ene CH4 CH : CH CH. ; b.p. 1* at 741*4 mm. 
(Lieben, Annalen, 160, 108): 8p.gr. 0*636 at —13*6 
(Puchot, Bull. Soc. chim. 30, 188). 

Formed by the action of potash upon 
seconds^ butyl iodide (Luynes, Annalen, 129, 
200 ; Lieben, tb%d. 160, 108). Together 

with isobutylene by dropping iso- or normal 
butyl aloohol upon strongly heated zinc chloride 
(Nevole, Bull Soo. ohim. 24, 122 ; Le Bel and 
Greene, Amer. Chem. J. 2, 23). From trithio- 
aldehyde (0^48)1 luid copper (Eltekow, Ber. 
10, 1904). By heating a mixture of methyl 
iodide and ally! iodide with sodium (Wurt^ 
Annalen, 144, 235). 

Preparation, — ^/sobutyl aloohol is allowed to 
drop upon heated zino chloride, and the evolved 
gas is Md into sulphuric acid diluted with hall 
Its volume of water ; this retains the isobutylene. 
The unaboorbed gas is led into bromine, and if 
again liberated by action of sodium (Ls Bel and 
Greene. Bull. Soc. obim. 29, 306). Two stereo- 
isomeno modifications are known (Wislicenua 
Cham. Zmte, 1897, U. 267). 
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^-Butylene co'*ibinwwiUi bromino to form » 
dibiDmido boiling nt 166'*-168^. This compound, 
by the motion df potash, forms mono-bromo- 
pseudo-butyleiie CIi**CBr:CH’CH,; b.p. 87®-88* 
(Holz, Annalem 260, 230). Chlorine forma a di- 
chloride; b.p. 112**-114’’(Chechouhow, Bull. Soo. 
ehim. 43^ 127). 

3. y-Bufyleae. /aobutylene, unsymmeiricol 
iimtihyl eihtflcne •(CHg)gC : CHg ; b.p. —6* 
(Butlerow, Zeitsoh. Chem. 1870, 236). Liquefied 
by a pressure of 2-2| atmospheres at 16^> Is**. Is 
ppoducod by tho* dry duit i 1 1ft tioo of f&tiB (F&rsdfty ^ 
rhU Trans. 1825, 440) ; bv heating the vapour 
of fusel oil to i^ness (Wurto, Annalen, 104, 
249), together with ethylene and ethane ; also 
from lij^t petroleum, ^ ligroin * (b.p. OO^-OO**) 
(Pninier, J. 1873, 347) ; from mo- or tertiary- 
butyl ic^ide and alcoholic potash (Butlerow, 
Annalen, 144, 19) ; by heating trimethyl oarbinol 
and dilute sulphuric acid (1 vol. to 2 vols. 

water) (Butlerow); from tsobnt^ alcohol and 
sine chloride, though in very small quantity 
(Nevole, BnU. Soo. chim. 24, 122). 

PreparaHon,—{l) 5 parts of tsobutyl alcohol, 
5 parts sulphuric acid, 1 part of water and sand 
are heated together (Lermontow, Annalen, 196, 
117). (2) Puchot's method (Ann. Chim. Phys. 
[61 28, 508) of heating Mobutyl alcohol with a 
mixture of sulphuric acid, potassium sulphate, 
and flprpsum. gives a mixture of pseudo- and mo- 
butylene. (3) A mixture of 2 riarts of caustic 
potash and 3 parts of alcohol (90 p.o.) is slowly 
added to 2 parts of Mobutyl i<klide, and ^ 
gently warmed ( Butlerow, Zeitach. f. chem. 1870, 


238). Butylene is a gas, with unpleasant smell, 
sligntly soluble in water; combines with hydriodic 
acid to form tertiary butyl iodide. A mixture 
of three parts of sulphuric acid and 1 part of 
water completely absorbs the gas ; on distilling 
the dilot^ solution trimotnyl carbinol is 
evolved. It forms a mercury compound 
CgHg(HgN09)(Ug.NOg) (Denig^s, Compt. rend. 
126, 1043). Oxidising agents-^.y. potassium 
permanganate — form carbon dioxide, formic and 
acetic acids, and oxalic acid (and in the case of 
chromium trioxide, acetone) (Zeidler, Annalen. 
197, 261). By the action of a mixture of 6 parts 
sulphuric aoia and 1 part of water forms aode- 
cylene (triisobutylene) C,«H.4; b.p. 177*6^> 
178*5**; sp.gr. 0*774 at 0** (Butlerow, Ber. 6, 
561). 

Butylene aleohol v, BtUykne glycoh. 

Butylene dlbromldei. , 

1. Normal butylene didromtde, a/S- 
dihromhulane CH.*CHt*CHBr*CH|Br ; b.p. 
165*6^-166** ; sp.gr. 1*876 at 0* (Wurtz, Annalen, 
152, 23), 1*8503 at 0^ 1*8204 at 2070* (Gra- 
bowaky and Saytzeff, Annalen, 179,332). Formed 
from a-butylene and bromine (Wurti); from 
normal buty bromide and bromine at 150* 
(Linnemann, Annalen 161, 199). Gives a- 
butylene by action of sodium. 

2. fi^Buiylene dibromide, fiy-dtbrom- 
butane CHj*CHBr*CUBrCHg; b.p. 158*; ■p.^r. 
1*821 at 0*. Formed from A- butylene and bromme 
(Wurta, Annalen, 144, 230), or by heating a- or 
A-brom butane with irra and bromine (V. Meyer 
and Muller. J. pr. Chem. [^46, 180). Decom- 
poeed by beatii^ to 14(r with water and 
lead oxioe^ formiim lead bromide and m^h;d 
ethyl ketone (BItekow, OheoL Soo. Abetr. 1879, 


kow, OheoL Soo. Abetr. 


3. Iso-butylene di-br amide, e^-dibroim 
fi metbyl propane (GHa)gCBr*0H,Br; iKp. 148*- 
149* at 787 mm. ; sp.gr 1-798 at 14* (Linne- 
mann, Annalen, 162, 30), b.p. 149^6* (oorr.) 
^Thorpe), 8p.gr. 1*7434 I67I6* (Perkin).' From 
^•butylene and bromine (L ; also Wurtz, 
Annalra, 104, 249 ; Hellsand Rot]?beig, Ber. 22, 
1737). By heating with water to 150** mo- 
butyraldehyde and Mobutyleno glycol are formed. 

4. Tetramethylenedioromide, ab-di- 

brombutane, ; boils af 

ISS^-lOO** (Guatavson "iul Demjanoff, J. pr. 
Chem. [2] 30, 54.3). {See also Hainsoourt, Compt. 
rend. 132, .345.) 

5. pp-Dihromhuinne CH.,‘CBr.-CH.-CH, ; 

boils at 144**- 1 4.5** (Wisliconus and Jiulv, Anna- 
len, 250. 232). o • 

6 . ay-Dibrothbuianr 

boils at 174**-] 75** (Perkjn,*Cheni.,Boo. Trans. 
1804, 063). 

Butylene cyanide. „ 

I Isobutylene dicyanide (dimethyl sucei^ 
inonitrUe) CN C(CH,).*CH, CN ; b.p. 2fcV220®. 
'• By treating an aqueoua lAcoholio solution of 
potassium oyahide with 7-butylcne bromide, and 
allowing the mixture to stand for a. fortnight. 
A colourless oil, moderately soluble in water. 
Heated to 150* with stfbng nydroohlorio acid, it 
is deoompbsed into ammonia and dimethylsuo- 
oinio acid (HoU and Rothborg, Ber. 22, 17.37). 

Butylene glyeolehlorhydrln, A-ehioroiiohutyl- 
aleohol (CH,). ca*CHjOH; b.p. 137. From 
Mobutyleno and hypocnloroua acid (Butlerow, 
Annalen, 144, 25). Soluble in large excess of 
water. See also Michael and Leigbton (Ber. 
1900, 2157). 

A-ChJoroMobutyl alcohol is also formed by the 
union of hydrogen chloride with Mobutyleno 
oxido, whion results from the adiion of* dry 
powdered potassium hydroxide on ^hJoro- 
trimethyl oarbinol. The last may be prepared 
from magnesium methyl bromide, ohloroaoetone 
and ethyl chloroaoetatc. A-chloroMobutyl 
alcohol boils at 132*-133*’. It forms a nitrate 
by the action of oonoontaated sulphurio and 
nitric acids C(Me),Cl'CHgNO|, and a nitrite 
C(Me)gCl’ClIgNO| with nitrous acid, which 
distinguisbos it from the isomerio ohlorotri- 
meth^ carbinol (L. Henry, Compt. rend. 1996, 
142, 403). 

Butylene diamintf. 

1 . Tetramelhylenediamine (putreseine), 
a8-diamiaobuUno NHa*CHg CHg*CH,*CH,*NH„ 
occurs in urine and feces in c ases of oystinuria, 
and also arises during the putrefaction of her- 
rings It is preparcrl by reduoing ag alcoholic 
solution of diovanoethylene with e^tita (Laden- 
burg, Ber. 1886, 780 ; LeUmann and Winthaer, 
Annalen, 228, 229) ; or in a similar manner from 
succinaldehyde dioxime (Ciamioian and Zanetti, 
Ber. 1880, 22, 1%98, 1970). Colourless erystels 
melting at 27*-2^(C. Z. )and boilingat lh6*-160*. 
Smells like piperidine. It is strongly bseio, 
readily abefiros CO*, and forms a weU-deflned 
dihyaroohloride, aurichloride, and platinichloridb. 
The picroionate is of some physioWioal import- 
ance (Otori, Chem. Boa iftstr. lOOi^ iL 126). 

Willst&tter and* Heubner have prepared the 
tetrametbyl derivative A>f tetramethyleoe dia- 
mine^ ana tho biquatemidry hexan)pthylammo- 
nium salt corresporBing to it (Brv 1907, 3871, 
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S874). The identity of ad • diaminobutane 
with putneoine reiU on the ezperimenta of 
Uciranszky and Baumann (Ber. J888» 2938). 
Briefer r(Chem. Zentr. 1007, i. 1703) considers 
the identity not proven, as also do Willstatter 
and Heubner 

2. DimetkyUtkMenediayntne, ^-dia- 
mim^biOane OH. CHNfe. CHNH. CH,, has been 
prepared by Angcli (Ber. 1890, 1358). * 

^ Xso-BtttyUeetle acid v, Capboic acid. 

Butyl chloral v, Cd^obal. 

ButyMactlnlc acid v, Hydbox ybutybic acids. 

Butylene glycols. 

1. N ormal-{a)-butylen€ glycol^ a$-di‘ 

hydroxyhutane CH.-CHadlOll CHjOH ; b.p. 
191*-I02® atJ471 mm.; sp.gr. 10189 at 070^ 
1*0059 he 17*6/0®. From normal butylene di- 
bromide (Bavtzeff and Grabowsky, Annalen, 179, 
332). e 

2. $-Bu4ylf^ne glucol, aydihydroxyhuiane 
CH,*CH(OH)*CH3*Cil,OH; b.p. 203*6®-204® (Ko- 
kvid, Annalen, 102, 310); sp.gr. 1*025!) (Wurts, 
J. 1873,^474; Bull. Boo. chirn. 41, 302). Pro- 
duced iA^small quantity by the reduction of dilute 
aqueous solution of I Idehydo by sodium-amalgam 
(it.). Prepared from jS-oxybutyfic aldehyde by 
reduction with sodium amalgam (W.). 

3. laohutylene glycoU a$-dihydroxy-a- 

methylpropane {Cll^)fi{OKyQHiOH; b.p. 170®~ 
178®; sp.gr. 10129 at 0®, 1*003 at 20®. Pro- 1 
duced by the fermentation of sugar in presence 
of taitario acid (Honninger and oiaiison, Compt. 
rend. 100, 208). Formed by heating tsobutylene 
bromide with potassium oarbonate and water 
(Nevole, Bull. Bbo. chim. 27, 63) ; a^so b^ oxida- 
tion of isobutylene by means of potassium per- 
manganate in neutral aqueous solution (Wagner, 
Bor. 21. 1232). * 

4. Symmeirical dimethulelhylena gly- 
col,^JihyhroxybuianeCH^CH0K’01i0li’CH^; 
b.p. l(p®-184®. Formed by heating for 6 or 7 
hours 1 vol. of symmetrical dimethylothylene 
oxide 04H30 with 3 vols. of water to 100® 
(Eltekow, Chom. Soo. Abstr. 1883, 600). 

6. Teiramethylene glycol^ al-dikydroxy^ 
butane OH*(CH,)4*01l; boils at 203®“205®; sp.gr. 
1*0111 (Dekkers, Chem. Soc. Abstr., 1891, 104). 

6. A’butylene glycol^ differing from the , 
above, boiling at 183*-184*; has also been pre- 
pared by Wurtz (Ann. Ghim. Phys. 13] 66, 452); 
8p.n. 1*048 at 0*. 

7. a-Methyl propanediol 

OH*CH.<3U(CU,) CHjOH 
(Henry, Bull. Soo. ohim. [3] 13, 1002 Cesaro, 
Chem. Zentr. 1897, iL 170). 

ButylCHi dllodlde, ay-diiodobutane 
•• CHjCHICH.CH.! ; 

8p.gr. 2*291. From A'butvleue glycol and 
hy&odio acid (Wurtz. Bull. Soo. chim. 41, 302). 

Isobutylene dinitrife C^HfCNOi)!. Bt treat- 
ment of isobutylene with concentrated nitric 
acid (Ksitii^er, Monatsh. 2, *287). Forms a 
orystoiline mass. Probably the sa ne body was 
obtained by Beilstein and Kurbatew (Ber. 14, 
16r21) by^ treating the petroleum of Tiflis (b.p. 
40®-50®) with nitrio acid (sp-gr. 1*62). It formed 
noodles which melted a^ 96®. They were insoluble 
in water, but soluble in alool^ol and ether. 
Butylene clUdei C AO. q 

1. r9obit,tylene oxide^ g 


b.p. 61®-52® ; sp-gr. 0*831 1 at From the chior- 
hydrin C4H4aO» and potash (Eitekow, Ctom. 
Soo. Abstr. 1883, 666). 

2. s‘DtmethylethyUne oxide 




b.p. 66*- 57*; .p-gr. 0-8344 at 0*. .1 

the chlorhvdrin (prepared from the symmetrical 
dimethycthylene and hypochlorous acid) and 
potash (Eitekow, Chem. Soo. Abstr. 1883, 666). 

BUTYRALDEHYDE. BuiyricaldehydeC^H^O. 
This compound exists in two isomeric forms, 
termed normal and isobutyrio aldehyde respec- 
tively. 

Normal butyraldehyde CH3*(CH3)3*CHO is 
formed together with acetaldehyde and propal- 
deli^'de by the action of ohromio acid upon 
fibrin, casein, and albumen (Quckelberger, 
Annalen, 64, 39). It is readily prepared by dis- 
tilling a mixture of calcium formate (2 mola.) and 
ealcium but>Tate (1 moi.) in quantities of 60 

t rams at a time with twice the weight of iron 
lings. The distillate is fractionated, the 
fraction 70®- 110® treated with sodium hydrogen 
sulphite (bisulphite), then shaken with ether to 
extract impurities, and finally distilled with 
' excess of soda (Lipp, Annalen, 211, 356 ; Linne- 
; mann, ibid, 161, 186; lUhn, Ber. 1886, 
3304). Bodroux has applied Grimard's reagent 
to a solution of orthoformic and acetaldehyde, 
thereby obtaining a 76 p.o. yield of butyralde- 
hyde (Chem. Zentr. 1904, i. 1077). 

Properties . — Normal butyraldehyde is a 
liquid which boils at 73®-74® (Lipp, at 73®-77®) 
and has a 8p.gr. 0*8170 at 20®/4® (Briih), An- 
nalen, 203, 18). It is soluble in 27 parts of water. 
With sodium hydrogen sulphite (bisulphite) it 
unites, yielding a crystalline compound (Justin, 
Ber. 1884, 2606). When treated with aoueous 
ammonia at 0®, it yields butyraldehyde-am- 
fflonia C4 Hi^N 0,3}H30, which orystailises in 
acute rhombic tetrahedra and melts at 30®-31* 
(Guokelberffcr). If, however, alcoholic ammonia 
and the aldehyde are allowed to stand for a 
month, and then heated for a day at 100®, con- 
densation occurs, and, after removal of ammonia, 
alcohol and unattacked butyraldehyde by dis- 
tillation, two ba.ses, tetrabutyraldine and di- 
butyraldiiie CnHi^NO can lie separated by 
fractional precipitation with platinio chloride. 
The latter only can be crystallised, and when 
heated is converted intd para^onine C|H|,N and 
water (Schiff, Annalen, 157, 362). The triohlo- 
robutvraldehyde (butylchlozal) and its hydrate 
have Wn propar^ by Pinner (Annalen, 179, 26). 

/iobutyraldel^de (CH4)4CH*CHO can be pre- 
pared by the oxidation of isobutyl alcohol with 
potassium dichromate and sulphuric acid (Lipp, 
Annalen, 206, 2 ; Pinner, Ber. 6, 699 ; Fossek, 
Monatsh. 2, 614 ; 4, 601), or by distilling oaloium 
formate with calcium laobutyrate (Lmnemann 
and Zotta, Annalen, 162, 7). It dissolves in 9 
parts of water at 20®, and is soluble in alcohol 
and ether. The boiling-point is 63®-64® at 
767 mm. (Brahl, Annalen, 203, 18), and the 
sp.gr. 0*7938 at 20^/4® (Brfihl), 0-79722 at 15® 
(Perkin, Chem. Soo. Trans. 1884, 476^ Con- 
densation oomponnda have been obtained by 
Pertin (Chem. Soo. Trans. 1883/ 91). 

BUTYRIC ACID Two swmerio 
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fonns of this aciv are known, normal butyric 
and (^butyric aoid. 

Normal butyrie aold CHs*OHs‘CH,‘COOH 

Occurrence , — In ordinary butter in combina- 
tion with glycerol to the extent of 2 p.c. ; also 
in the fruits of Ueradeum viUoaum (Fisch) and of 
Peueeda.,um satmim (Benth. Cl. Hook, f.) as 
hexyl butyrate and octyl butyrate respectively ; 
in the oil of Bucaiyptue Perriniarui as n-butyl 
butyrate (Smith, J. Roy. Soc. New South Wales, 
1914, 48, 464). Butyno acid is also found m 
flesh juice, and is frequently a constituent of 
decomposing organic matter (r. art. Fermenta- 
tion) (J. 1857, 353, 402, 403, 559 ; 1858, 231 ; 
1859, 363, 364; 1861, 454; 1866, 311). The 
occurrence of butyric acid in sour milk is treated 
of by Thorpe (Chem. Zentr. 1909, ii. 1774). 

Preparation. — (1) Butyric acid is a frequent 
product of the oxidation of organic substances ; 
casein, fibrin, and albumen, for example, yield 
this acid among other products on oxidation 
with manganese dioxide and sulphuric acid 
(Guckelberger, Annalen, 64, 68). 

(2) All amylaceous and saccharine sub- 
stances which yield lactic acid as a product of 
their fermentation can undergo a further fer- 
mentation to butyric acid, and this fact is made 
use of for the preparation of the acid. 5 kilos, 
of rice or potato starch are boiled with 60 litres 
of water for some hours, allowed to cool, and the 
product after 24 hours is treatod with ^ grama 
of malt stirred up with 2 litres of milk, with 1 
kilo, of finely divided flesh, and with 2 kilos, of 
chalk, the chalk being added to neutralise the 
lactic and butyric acids as rapidly as they are 
formed, and the whole is allowed to remain with 
occasional stirring for several weeks at a t(«m]ic- 
rature of 25*-30*. When the evolution of gas 
has ceased, the product i.a heated to 80*, filtered, 
precipitated with sodium carbonate to decompose 
the calcium salt, again filtered, evaporated to a 
small bulk, and treatod with sulphuric acid. 
The oily layer of acid so obtained is fractionated 
to free it from the acetic and caproio acids 
formed 8imultaneou.sly, and the fraction 155*- 
174* is extracted W'ith w'ater, which dissolves 
the butyric acid but leaves the caproio acid un- 
dissolved ; the aoucous extract is then neutral- 
ised with lime, the solution concentrated, and 
the salt finally decomposed by hydrochloric acid 
(Grillone, Annalen, 165, 127). 

(3) In the presence of a schizomyoes — the 

so-called BaciUua which can readily bo 

obtained by stirring hay in water, straining the 
liquor through a sieve, and boilmg for 5 minutes 
— Fits (Ber. 11, 52) has found that starch readily 
undergoes fermentation, yielding normal butyno 
ooid as chief product 

Butyric acid has also been obtained by the 
fermentation of glyo5rol in 3 p.c. aqueous 
solution with a species of schizomyces (Fitz, 
Ber. 9, 1348 ; 10, 276), and has been prepared by 
various synthetical methods (Frankland and 
Duppa, Annalen, 138, 218 ; Geuther and 
Frilich, ibid. 202, 200). (For conditions 
affecting the production of butyric acid by 
fermentation, see Fbbmbntation.) 

Properties. — Butyric acid is a colourless, 
transparent liquid, having an odour resembling 
that of rancid butter, and a sour burning *aste. 
Cooled to —19* it solidifies, and the crystau 
melt at about —2*. The s'^id boils at 161-5* at 


! 760 mm. (Ivamoaum, juer. lu, X4nu) ; at 162*!^ 

I (corr.) (Liimemann, Annalen, 160, 228 ; Zander, 
ibid. 224, 64); 162*02 (oorr.) (Thorpe and 

Rodger) ; and has a sp.gr. 0*96704 ab 
(Perkin, Chem. Soc. Trans. 1884, 483), 0*9590 at 
2074* ; AID. 1 *39906 (Schem, R. JSOi 100). Butyric 
acid is inflammable and tKiraa witn a blue flame. 
Alcohol, wood-spirit, ami water dissolve it in aJA 
proportions, and from the aqueous solution it 
can be separated by addition of calcium chloride^ 
Prolonged boiling with j^itric acid converts it 
into succinic acid. By the action of calcium 
carbide, dipropyl ketone may be obtained 
(Haehn, Chem. Zentr. 1000, ii. 17). 

StiUs . — The metallio salts of normal butyric 
acid are generally soluble in water,,and are crys- 
talline. NaB and K B crystalline in Tndistinot 
cauliflower-like groups. AgB crystallises in 
needles or monoclinio prisi^, and dissolves in 
200 parts of water ate 14* (IJtiti'^inaMn and 
Zotia, .Annalen, 161, 177); 100 parts of water 
dissolve 0113 part at 16® (Griinzweig, Aimaleh, 
162, 20:i). crystallises ^ very 

soluble scales (Polouze and^Gdlis, Annalen, 47 
1 219). BaB ^,441,0 cryatallisoa in nacreous 

scales, and dissolves in 2-48 parts of water at 14* 
(Linnemann and Zotta). CaB2,H|0 orystal- 
lisos in rhombic foiyns; RlO parts of water dissolve 
10 4 parti at 0*. (For solubility table, see 
liccht., Annalen, 213, 72.) SiB, forms monoclinio 
prisms ; 100 parts of. water at 20* dissolve 30*2 
parts of the salt (GrUnzweig). ZnIi2,2Ht^ 
forms moiioclinic prisms ; 100 parts of water at 
16* dissolve* 10*7 jparts of the crystallised salt 
(GrUnzweig). PbB| is an oil which slowly 
solidifies (Marko\vnikow, > Annalen, 138, 361). 
CuBt,H,0 crystallises in triclmio forms (Alth, 
Annalen, 91, 170), and CuB„2Hg# crystp|lises 
in monoclinio forms fPelouzo and G41is).^ , 

Separation from formic, acetic, and propionic 
acids. — Mach and Portele (Cbotn. Boo. Abstr. 
1800, 1344) give the following method for the 
ostimation of butyric acid in the presence of 
acetio acid (as in wine) : 5(|p o.o. of the solution 
is distilled to a bulk of 125 o.o., diluted to the 
original volume, and again distilled till only 
1 125 0 . 0 . remains. 'This is done four times. The 
total acid in the distillate is estimated by 
titration witli soda or baryta. If soda is used, 
the neutralised distillate is evaporated down, 
sulphuric acid is added, and the mixture stcam- 
distilled. The distillate is neutralised with 
baryta and evaporated so far that it will solidify 
when cold. The barium butyrate is then ex- 
tracted with absolute alcohol, and the aqueous 
solutions of the separated salts trli^ted vlitb 
sulphuric acid and steam-distilled, the acid in 
the distillate being subsequently titrated. 

The separation of formic, acetic, propionic 
and butyric acids is also dealt witu by 
WiUcox (Chem. ’8oo. Proo. 1896,>202); Luck 
(Zeitsch. AAal. Chem. 10, 185); Haborland 
{ibid. 1899$ 217); and Muspratt (J. Soc. 
Chem. Ind. 1900, 204). An expre'yion con- 
necting the TOrcentage of butyric acid in an 
aqueous distillate with 4he proportion of the 
distillate to the Jlriginal solution is given by 
Leonard, Smith, ana R chmond vAnalyst, 1897, 
92). 

Botyryl eblorld^ obtained b *7 'treatinff 96 
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giamt of butyric acid with 100 grams of phos- 
phorus tnchluride (Burcker, Ann. Chim. Phys. 
[51 26, 468); boils at 100M01*5* (Linnemann); 
and has Bp.gr. 1*0277 at 23 V4* (Biiihl). 

Butyric anhydride, prepared bv the action of 
butyrvi chior^e on butyric acid (Linnemann, 
Annalon, 161, 170), or by the action of 1 molecule 
of acetic anhydride or « mols. sodium butyrate 
(Michael, Chem. Zentr. 1901, i. 1088), boils at 
(I*.); and has a sp.gr. 0*978 at 12*6® 
(Gerbardt, Annalen, 8? 156). 

Butyramide, formed by heating dry ammo- 
nium buiyrate for six hours at 230® (Hofmann, 
1882, 982) ; .crystallises in tables ; melts at 
116®; boils at 216® (J. 1866, 516); and is readily 
soluble in water. 

ttChldfobutyric acid CHa*CH,CHCJ CO,H 
is a thick liquid difficultly soluble in water 
(Markowiiikow, Antalcn, 163, 241). 

^Chlorofcutyric acM OH,‘OUCl‘CHa*CO|H, 
thick liquid (Pinner, Ber. 1879, 2066 ; 1884, 
2008). 

y-Chlorobutyric acid CH,Cl CHa CH,*COaH. 
Esters dnly known (Henry, Chem. Zentr. 1898, 
ii. 273). ^ 

oh-Dichlorobutyrie acid 

CH, CHCl CHCl COaH, melts at 72®-73® (Meli 
kow, Annalen, 234, 201 ; 266, 372). 

/By-Dichlorobutj^o acid 

CHaCl CHCl CHg COaH; melts at 49®-60® (T.4s- 
pieau, Gorapt. rend. 129, 225). 

aail-TrloiiIorobutyrie acid 
CH, CHCl*Caa COaH; melts at 60® (Kahlbaum 
Ber. 1879, 2337 : Qargarolli, Annalen, 182, 185). 

aav-Triehlorobutyrio acid 
CH,a CHa*Cag CO,H; melts at 73®-76® (Nat- 
terer, Monatsh. 4, 551 ; 5, 256). 

aiSiS Trichlorobutyrte acid 
CHa'CCl.'CUGl’COjH; melts at 52® (Ssenio and 
Tagiesell, Hbr. 1895, 2665). 

• Tetiaohlorobutyric acid C4Haa40a; melts at 
140® (Pelouxe and Qdlis, Arch. Pharm. [3] 10, 
434). 

Bromobutyrie acids have also been obtained 
by Naumann (Annalon, 119, 120), Schneider 
(J. 1861, 468), and Ziiohael and Norton (Amcr. 
Chem. J. 2, 16). (^<e also Cloves, Chem. Zentr. 
1902, I. 406.) 

/sobutyric acid (CH,),*CH COOH. 

Occurrence * — ^/sobiityrio acid occurs in the 
fruit of Siliqua dideis (Grilnzweig, Chem. Soo. 
Trans. 1873, 373), and in arnica root (Arratca 
montana) (Sigel, Annalen, 170, 348). 

Preparaiion , — /sobutyrio acid is most readily 
prepared bv the oxidation of isobutyl alcohol 
with a mixture of sulphuric acid and potassium 
diohromate. Pierre and Puohot (Ann. Chim. 
Phys. [4j 28, 366) give the following| propor- 
tions : Isobutyl alcohol (300 pa^) is nuxed with 
water (1600 parts) and sulphuric acid (540 parts) 
and into the well-cooled mixture finely powdered 
potassium dichromate (400 psHs) is gradually 
introduced. An ethereal layer separates, con- 
sisting of isobutyl isobutyrate, which is de- 
opmposed bv allon^ 55 parts to fall slowly on 
100 parts of caustic pota^ to which one-tenth 
its weight of water has been added ; the re- 
sulting potassium saft Is ^en distilled with 
dilute s^phiqio acid, jsnd Hhe aqueous acid 
purified by fnmtional, destination. 

83mthetioal methods for preparing this acid 


(Annalen, 138, 337), and Mr kownikow (Anna* 
ien, 138, 361). 

Properties. — Isobutyric aoiu resembles its 
isomeride in appearance, but has a less disagi^- 
able odour. It boils at 152® at 760 mm. (Kahl- 
baum, Ber, 16, 2480) ; at ]53*5®-153’8® at 760*3 
mm. (Briihl, Annalen, 200, 180) ; at 15>:®-154*2® 
(Zander, ibid. 224, 77) ; 164*0® (corr.) (Thorpe 
and Rodger); sp.gr. 0*965’ at 0® (Zander); 
0*9603 at 20® (Linnemann, Annalen, 162, 9). 
It dissolves in five times its volume of water (L.). 
The metallic salts of taobutyrio acid are more 
soluble in water than those of the normal acid. 
The potassium and sodium salts form oauli- 
flower-like masses. AgB crystallises in cha- 
racteristic tabular forms; 100 parts of water 
dissolve 0*928 part^t 16® (Grilnzweig, Annalen, 
162^ 210). MgB| forms white scales. 

CaBt,5H«0 forms four-sided monoclinic crys- 
tals ; 100 parts of water at 18® dissolve 36 parts 
of crystallised salt (G.), and the solubility in- 
creases as the temperature rises. SrB,,6HtO; 
100 parts of water at 17® dissolve 44*1 parts 
of the crystallised salt (O.). BaBg,^H|0 
forms monoclinio crystals (Fitz, Ber. 1880, 1316). 
ZnBxyHjO ; 100 parts of water at 19*5® dissolve 
17*3 parts of the crystallised salt (Grilnzweig). 
PbB, crystallises in rhombic tables and dissolves 
in 11 parts of water at 16®. 

Isobutyryi chloride, prepared by treating 
taobutwio acid (12 parts) with phosphorus tri- 
chloride (7 parts), and subsequently distilling 
(Tdnnios ana Staub, Ber. 1884, 860); boils at 
9l*5®~92*6® at 748*2 mm.; and has a 8p.gr. 
1 0174 at 20®/4® (BrUhl, Annalen, 203, 20). 

laobutyryi anhydride, obtained by boiling 
iaobutyrio acid with isobutyryl chloride for 
12 hours in a reflux apparatus and fraction- 
ating the product (Tonnies and Staub, Ber. 
1884, 860); boils at 181*6® at 734 mm.; and has 
a sp.gr. 0*9674 at 16*6®. 

Isobutyramlde, formed by heating dry am- 
monium isobutyrate at 230® for six hours; melts 
at 128®-120® (Hofmann, Bor. 1882, 982). 

a-Chloroisobutyrio acid (CH4)sCa*CO|^H ; 
melts at 31® and boils at 118® (Henry, Bulk Soo. 
chim. 26, 24 ; Balbiano, Ber. 1878, 1693). 

ajS-DlohloroMobutyrlo add 
CH, CH(CH4Cl)*Ca CO,H (Broohet, Ann. Chim. 
Phys. [7] 10, 376). 

Trlohlorisobutyrlo add C4H.CI4O1 ; melts at 
50® (Gottlieb, J. pr. Chem. [2] 12, 1). 

Bromoisobutyno adds have been prepared by 
Markownikow (Annalen, 153, 229) ; Engelhom 
{iJbid. 200, 66, 68); Cahouis (t6ki Supplt. 2, 
34P, 352). 

Butyric esters. These compounds are for 
the most part prepared by the action of butyric 
acid on the corresponding alcohols in presence 
of some dehydrating agent such as smphurio 
acid, the temperature being raised eventually 
to complete the reaction. Butyric eaten are 
liquids which dissolve in alcohol and ether in 
all proportions, but are only very sparin^v 
soluble in water. On saponification with 
caustic potash they yield tne oorresponding 
alcohol and potassium bntmte. 

Methyl butyrate 04H,0,Me^ prepared ahni- 
l^rlv to the ethyl eater, is a (vdourleas liquid 
with a pleasant odour reaemblmg that of pine- 
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mann, Pogg. Ann. [t] 12, 41 ); and has a sp.gr. Msthyl isobtttyrato boils at 02*3*’ at 760 in.m. 
0*9194 at^/4* (Els&sser, Annalen, 218, 314}. (Schumann) ; and has a 8p.gr. 0*0112 (Elsbsser). 

Bttijl Imtjnte,* ctAsr, is prepared by Ethyl Mobutynto boils at 110*1* at 760 mm. 

adding 1 part by weimt of sulphuric acid to 2 (Schumann) ; its 8p.gr. is 0*8903 (Els&slc^, 

Mrts each by weight <n but3rrio acid and alcohol. Propyl MobatyratO boils at 133*9* at 700 mm. 
The liquid becomes heated, and the mixture at (Schumann; its 8p.gT. is 0*8843 (SSs&sser). 
once separates into two layers of which the /sopropyl Isobutyrate Ihils at n8*~121* at 
upper one consists of ethyl butyrate. To com- 727 mm. ; and has a 8p.gr. 0*8787 at 0* (Pf ibram 

S fete the^reaotion it Ir necessary to heat the pro- and Handl). 
uct at about 80* for a short nme. The upper isobutyl tsobtttyrate boils at 146*6* ^t 

layer is separated, washed with water, <hied 760 mm. (Schumann); it|,8p.gr. at 0* 0*8752 
over calcium chloride, and distilled. The pre- (QrOnsweis). 

sence of considerable quantities of water does isoamyl iMbutyrate boils at 168*8* at 

not seem to hinder esterification (Pelouze and ■ 760 mm. (Schumann) ; and has a sp.gr. 0*8759 
Gtflis, Annalen, 47, 250). at0*y4'* (Elsasser). 

Ethyl butyrate is a colourless liquid having A-BUTYROBETAINE i\ Bbtaines. 

an odour like that of pine-apples. It boils at BUTYROLACTONE v. HYDXKftcYaUVYBia 

119*9* at 760 mm. (Schumann) ; and has a acids. 

sp.gr. 0*8996 at 074® (Elsasser), b.p. 120*0®- BUTYRONE. Dipropyl keU^ C7Hj40. 

120*5®; sp.gr. 0*8784 20®/4* (Matthews and Butyrono is obtained by ndiBtillii|g calcium 

Faville, J. Phys, Chem. 1918, 22, 1). A solution i butyrate, or preferably # mixture of calcium 
of ethyl butyrate is used in perfumery and in butyrate and calcium carbonate (Schmidt, Ber. 
confectionery under the name of pine-apple oil. 5, 597) ; the crude product is dehydrated b^T 
Propyl butyrate boils at 142*7® at 760 mm. treatment with calcium chloride, and purlfte^ bv 
(Schumann); and has a sp.gr. 0*8930 at 0*/4* fractional distillation. Butyiwno boils at 1447 
(Elsasser). and has sp.gr. •0*8195 at 20®, does not com- 

isopropyl butyrate boils at 129* at 755 mm. ; bine with ammonia or sodium hydrogen sul- 
and has a sp.gr. 0*8787 at 0® (Silva, Bcr. 1869, phite (bisulphite), yields a mixture of propionic 
283), 0*9027 at 0* (Pribram and Handl, and butyno acids ^n oxidation with chromic 
Monatsh. 2, 690). acid, and ii^ converted into a secondary alcohol 

Butyl butyrate boils at 164*8* (corr.), and C9H14O and butyrono-pinacone Oi^llaoOi on 
has a 8p.gr. 0*8760 at 12* (Linnemann, Ann- treatment with sodium amalgam and water 
alen, 161, 195; compare also Lieben and Rossi, (Kurtz, Annalen, 161, 205). 
iind, 158, 170). An isomoride duisopropylketone can be pre- 

/sobutyl butyrate boils at 156*9* at 760 mm. pared by di8t\|ling calcium tsebutyraio (Miinoh, 
(Schumann); and has a 8p.gr. 0 8798 at 0*, Annalen, 180, 327) ; it boils at 124®-! 26®, has a 
0*8664 at 16* (GrUnzweig, Annalen, 162, 207). sp.gr. 0*8254 at 17®, and does not combine 
isoamyl butyrate boils at 178*6® at 760 mm. with sodium hydrogen sulplKto. 

(Schumann); and has a sp.gr. 0*8823 at 0®/4® BUTYRO-REFRACTOMETER v, Rbfiiaoto- 
(Els&sser). metbbs. • l 

The hexyl- and octyl-butyrates occur in the BUXIN. An alkaloid obtained from the box-^ 
oils from the fruits of HeracUum giganteum tToe{Buxus semi^mrens). Hager (Chem. ^entr. 
(Franohimont and Zinoke, Ber. 4, 824) and 1877, 110) found it in beer as an adulterant. It 
Peuiinaea saliva (Renesse, Annalen, 166, 80) s said by Walz (N. J. P. 14, 15) to be identical 
respectively. with bebeerine {q.v.). 

Ethereal salts of tsobutyrio acid have been BYNIN. Trade name fq^ liquid malt ex* 
prepared ; tract. 
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CABBAGE Braasica oleraeea. This plant , 
has been modified by careful selection and 
cultivation so as to pi^uce several apparently 
very different varieties : 

1. Those which form a compact head by 
overlapping of the leaves, as in the ordinary 
cabbaTO. 

2. Those of a straggling, open habit of 
growth, with a branching stem but no distinct 
' heart ’ or head, e.g. thousand-headed kale. 

3. Those in which a dense head of imperfect 
flowers are formed, as cauliflower and broccoli. 

4. Those in wUch the stem is enormously 

developed so as to form a globe, as in kohi- 
rabi , 

5. Those in which a large number of small 
'heads’ are formed on a tall stem — Brussels 
grouts. 

Of the cabbage itself, there are m^y 
varieties, differing in size, shape, and colou^ 

lil(e«.aU the members pf the ^ Cruci/era, 
VoL. L— 


cabbages contain sulphur compounds, some of 
which easily undergo decomposition with pro- 
duction of sulphuretted hydrogen. 

The average composition of cabbages, as used 
for cattle food, is, according to Kellner — 

Sol. oarbo* 

Water Protein Fat hydrates FibF^ Ash 

84*7 2*5 0*7 8*1 2*4 1*6 

whilst, according to American analyses, the 
edible portion of culinary cabbages contains : 

^ Sol. carbohydrates Fibre 

Water Protein Fat — w Ash 

90*3 2d • 0*4 5*8 1*4 

Included 4n the carbohydrates mannitol and 
glucose have both been detected (Busolt, Si 
Laudw. 1914, 62, 117). 

Cabbages, as a farm emp, respond to liberal 
manuring, and in inland districts are benefited 
W a small dressing of thtjeoil with bommon salt. 
They do best, as a rule, oi# heavy land, and are 
usually transplantedjrom seed-beds.^ 
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KormenUted cabbaffe (sauerkraut) yields 
lusetio and propionic acids with occasional traces 
oi iormio acid together with an inactive form of 
lactic mM. Ethyl and propyl alcohols arc also 
formea together with small Quantities of esters 
(Nelson and^eck, J. Amer. Cbem. Soc. 19J8, 40, 
1001 ). ♦ 

CACAO BUTTER <spclt also Cocoa Butter), 
is expressed from the cacao bean, the seeds of 
th^ cacao tree, Thtfjbroma carm (Linn.). 

The cacao tree js indigenous to the West 
Indies, but has been introduced into various 
tropical countries, enpc'cially Central and South 
America and to the West Const of Africa and the 
islands in the Hay of Bonin. It has also been 
introduced into Nigeria, and an inducement has 
been hoU out by the (jovemment to the Nigerian 
peasants to grow cacao. As the beans are 
chiedy worked u[| for the preparation of cacao, 
the cacao„butter must lie considered, to some 
extent, a by-product of the chocolate industry, 
^or the production of cacao butter, the beans 
are roasted over a coke fire, and the husks an* 
separisfed by winnowing. 'J'lic kernels thus laid 
bare are ground ur der millstones and reduced to 
a paste, when the bulk of the* fat is removed 
by hot expression in hydraulic pre88(*s. As the 
fat in the iK^an has undergone slight hydrolysis, 
it is usual to odd a carbAnnUv either of potassium 
or ammonium, to the beans before roastmg. 
Hence, in the examination of cacao butter, the 
presence of ammonia or potash soap may be 
exjieoted. 

In Oook'a patent process (U.S. Pat. 1000913, 
1011) the rointed beans are decorticated, and 
then pressed sufTiciontly to powder the mass, and 
express part of the fat. 

A special form ot press for separating the fat 
from the beans has been devised by H&nel 
(E|^. Pat.^3188, 1015). 

, T^e average composition of the cacao l^an 
is, according to K6nig, a.M follows : — 

Per cent. 

Fat 4'> 0 

Water 5*4 

Proteins •« .12*8 

< ‘arbohYdrates . . 25*7 

Crude ilbre . , .3*71 

Ash a*4l 

The composition of the shell is as follows 

Fat 4*21 

Water 11*10 

I*roteins • . . . • 13*01 

Carbohydrates 43*95 

Crude fibre .... 17*63 

As!) 9*88 

w- 

“ 100*47 

'J'he proportion of fat in the bean varies from 
about 60 to r>6 p.o. In the production of cacao 
powder, only a portion of the cacao butter is 
express^, tfhereas the beani intended (or the 
manufacturs of 6esl chocolate are Hot expressed, 
M that the full amount of fat is allowed to remain 
m the gtoond mass. Manufacturers of cheap 
chocolates remove a poKion of the costly cacao 
batter by expressiod, replacing it by cheaper 
subetitutee (ms CBOCOLanVaia). The kernels 
oontain a amdil amounibf theobromine, a portton 
of which peisee int6 the oaoao butter on ex- 
preesion. 


Cacao butter has a ye^wish-white colour, 
turning white on keeping, an agreeable taste and 
pleasant odour, reoafling that of chocolate. At 
the ordinary temperature, the fat is somewhat 
brittle. It appears to consist, to a very large 
extent, of oleooisteann and ole^ipalmitm. The 
solid acids of cacao butter consist of rieario and 
palmitic acids ; small quantities of arachidic acid 
are stated to occur alra an ongst the solid fatty 
acids. 

The proportion of stearic acid in the fat is as 
high as 39>40 p.c. Amongst the liquid fatty 
acids there seem to be present about 6 p.c. of 
acids less saturated than oleic acid, most likely 
linolic acid. From the iodine value of the cacao 
butter, viz. 32-42, the conclusion may thcixfore 
be drawn that it contains not more than about 
30 p.c. of oleic acid. The unsaponihable matter 
of ca(;ao butter amounts to less than 1 p.c. 
Matthes and Rohdich (Her. 1908, 41, 10) 
found m the unsaponitiable matter a hydro- 
carbon (most likely identical with amynlene), 
stigmasteroi, and a phytosterol melting at 

ino“. 

In the ol<h‘r literature the statement fre- 
quently occurs that cacao butter docs not turn 
rancid. Hut it is a matter of common experi- 
ence that cacHo butter, exposed to bght and air 
at the ordinary temjierature, becomes rancid in 
the eoiirsu of time, hkjually erroneous is the 
statement that rancid cacao butter is obtained 
from mouldy beans. Most shipments of cacao 
beans become mouldy in transit, but as the 
beans in the initial state of manufacture are 
roaste<l, the mould is dcstroved, so that cacao 
butter prepared from these beans need not, of 
necessity readily liecome rancid. With tlie 
grow’th fd tl^ consumption of chocolate and 
cacao, the tmde in cacao beans has become of 
very great imjKjrtance. 

Holland is the largest exporter of cacao 
butter, \«hiLst (icrinany was the largest producer, 
hut exports relativciy very little. Of late 
years the demand for the fat has greatly 
increased, and the price has risen corre- 
hXKmclmgly. 

('acao butter, being very high in price, in 
normal times even higher than cows* butter, la 
frequently adulterated with, if not completely 
suliatituted by, * chocolate fats.' The adulterants 
formerly employed, such as tallow and paraffin 
wax, are easily detected, and henoe these 
adulterants have disanneared. The same holds 
good of coco nut and paim-nut stearins, which, for 
some time, were laigely used to adulterate cacao 
butter, latterly, adulteration with cacao-shell 
butter has been practised and is still in vogue ; 
for ibis purpose, the husks are ground and again 
expressed, or even extracted with volatile sol- 
vents. As the fat thus obtained yields, in 
analysis, practically the same oharaoteiistie 
numbers as genuine cacao butter itself, obemicai 
analysis alone is unable to reveal adulterstion 
with oaoao-ahell butter. 

Products commercially known as * green 
butter* are now extensively used for mixing 
with cacao butter. They consist of a leflned 
vegetable tallow coloured with chlorophyll or 
with an aniline dye. The adulteration may be 
-detected by a modification o^ Halphen's test 
(J. jnmrm. Ghim. 1908. 28» 346). On adding 
bromine to.<a solution of the lai in carbmktetra- 
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chloride^ pure imuio batter immediately giree a 
tarlndity, whilst in the ease of * green batter * the 
liquid remains clear (Rev^is and^lton* Anaf^'st, 
1913 , 38 , 201 ). 

Cacao butter, being ohiofly produced as a 
br-prodoot in the manufacture of cocoa, is 
obtainable in large quantities : it is at present 
mainlv used in the manufacture of cheaper 
ohoootate. Smaller quantities are used in 
confectionery, in pharmacy for making supposi- 
tories and nitroglycerin tablets, and in the 
* onfleurage ' process of preparing delicate 
ethereal oils. J. L. 

CACHALOT OIL Oil obtained from the 
blubter of the cachalot. (For its properties and 
composition, v. Fendler, Chem. 100.5, 29, 
(> 55 .) 

CACODYUAGOL. »Syn. for giiaicol caco- 
dylate. 

CACODYUC ACID and CACODYLATBS v. 
Absbmic, Organic compocnds ok. 

CADAVBRINE r. Putrefaction basks. 

CADB, OIL OF V. JuNirsn. 

CADIB GUM r. Gums. 

CADINBNB V. Tbrfinbs, JuNirRit 

CADMIUM, (KadmtHm, (icr.) Kyni. Gd. 
At. wt. 112*3 (Quinn and Hulett)*; 112*42 
(Baxter and Hartmann); 112*32 (Do Goninck 
and Ct4rard). 

Cadmium occurs in small quantities as sul- 
phide ill OrttnorkiU at Bishopton, Kenfrew- 
shire, and in Pennsylvania and Bohemia. This 
is the only ore containing cadmium as the prin- 
cipal clement. Cadmium occurs in small quan- 
tities in nearly all zinc ores, but the ix^rcentogo 
is considerably lower than that usually stated. 
Jensch and Klieeison have shown that the cad- 
mium in zinc ores averages about 0*1 p.o., 0*5 p.o. 
being only reached in the richest samples, though 
oooasional specimens are stated to have yielded 
considerably higher values. It occurs also in 
the silicato and carbonate of zinc at Freilierg, 
Derbyshire, and Cumberland, and in most oom- 
meroial zinc. 

Prf.paration, — In the reduction of zinc ores, 
the Uni portions of the distillate consist of a 
mixture of the metals zinc and ca<]mium and 
their oxides, but containing a higher jK'rcwiit^c 
of cadmium (on account of its greater volatility) 
than the original ore, and by further similar 
treatment it is sUII further increased. When 
sufBHeatly rich, it Is used for the extraction of 
the cadmium. At Silesia, the first portion of the 
(Ustillaie, which contains from 2 to 6 p.c. of 
oadmium, is mixed with about one-fourth of its 
weight of ooaU and distilled at a dull-red heat ; 
the oadminm then distils with a little zinc, but 
the greater part of the, latter metal remains 
behind. The cadmium is purified by fractional 
distillation until a product of 99*5 p.c. or more is 
obtained; it is then oast into small cylinders 
about I nioh thick. 

The chief output of cadmium comes from 
Silesia. A little cadmium is recovered in this 
ooontry in the qiarifieataon zinc sulphate, in 
the maoulactiiie of lithopone, or from bagbouso 
dusts as lead smelters. Another somne which 
may beoame important in view of the increseing 
number of eleetrc ^ r t ie zinc pfawte is the precipi- 
tate obtained in pnriMig the elee to ol|yte pnor 
to depeMilon of ine as irell sa the anode 


mud. Flue dust from brass works contains as 
much as 2-3 p-o. of cadmium. The supply can 
easily bo increased to meet any reasonable 
demand. • 

Various wot methods for the extraction of 
the cadmium from the ctmoentratod Hue dust 
have been proposed and tried. Some of these 
are dependent on the predlpttation of cadmium 
from acid solutions by means of zinc ; others on 
the solubility of zinc in neutral ammonium 
carbonate. •• 

Electrolytio methods for the refining of 
cadmium are employed, the cadmium being 
deposited on platinum electrodes and distilled 
in txtcuo, 

ProftertieA . — Cadmium is a whiteemetal with 
a tinge of blue, of strong lustre, and ca]{kiDlc of 
taking a high polish. It produces a metallio 
streak on paper like leaa, ibut less readily. 
Cadmium is compact in tgxture andsof fibrous 
fracture, harder and more tenacious than tiiij 
it may be drawn into thin wire or hammerotl 
into leaves, but when heated to 80* it bsooroes 
brittle, and may be powdered in a mortan •Cm 
account of its crystalline stricture, it crackles, 
like tin, when Umt 

By distillation in a curnuit of hydrogen, cad- 
mium may be produced iq n*giiliir octahedra and 
other forms^of the cRbie system. 

(>adiiiiurn melts ut 321 *7* ( Hollxirn and Day) ; 
320*9° (Holbom anri Henning), and boils at 
705*9° under a prossurt^pf 7<10 mm. (HeyccMjkVnd 
fjamplough). Its vapour density at 1040° is 
3*91 refcrri'd to air, or 50*3 referred to hydwgen. 
Hence it apfiears that the moletmle of cadmium 
contains but one atom at that tnin)>eratiire, 
whilst further iho values the latent heat 
of vaporisation (calciilateiT from the vapour 

f iressuro) indicate similar molociilat tiates in 
iquid and gas (Traubo). it is ootaiiuHi In 
colloidal solution by electric sparking wif.li a* 
cadmium cathode in water. 

A(;cording to Deinaroay, it emits vajiours 
when heateil below tlio melting-point (Cbmpt. 
rend. 95, 183). When heated in air, it bums 
readily, eiolving brown fii/hes of the oxide. 
Cadmium dissolves in hydnx^hlorio and sul- 
phurie aeiils with evolution of hydrogen. It is 
reailily at(ar-ke<l by nitric acid, it combines 
direotiy with chlorine, bromine, and iodine when 
pbMied in solutions of those elements. CTad- 
mium gives a bnlliant s|>ectrum of red, green, 
and blue lines, anri its use has bqgn suggested 
as a convenient standard in refractometry 
(Lowry). 

The salts of cadmium, as a rule, are but 
slightly dissociated in solution — this is eypccially 
so in the cas<i of the iodide — and aiV hence 
liable to l>e incompletely precipitated by 
reagents. 

Dpieriion.— AW compounds of cadmium, 
when heated on , charcoal in the re<lucing 
flame, give a brown incrustation. Hfilphureited 
hydrogen pnxiuoes a yellow precipitate in acid 
solutions, soluble in stron|{ nydrochlorio acid 
insoluble in alkaline sulphides; it is Cus dis- 
tinguished from antimony and arsenic. 

RMimaiion, — Cadmium Wy be precipitated 
as carlK>nate and weighed as ox*^. Owing, 
however, to the reduouoit^n^ the oxide and the 
great volatility of the metal, if filter uapers are 
employed, the results nrs low, even t hen caiefu^ 
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precautions are tajccn. A Uoooh emcible and cadmium oxide is heated ▼ th carbon monoxide 
asbestos filter should therefore be employed. fBrislee, Chem. Soo. Trans. 1908. 93. 162). or 
Oadmittip may also be estimated by precipitation by dehydrating oadmious hydroxide, obtained 
from a neutral solution by excess of uiammonium by the action of water on the product formed'by 
phosphate, and. after standing some time, fusing cadmium chloride with cadmium (Moore 
collecting tVe procimtate on a weighed filter and Jones. Amer. Chem. J. 1890, 12, 488). Of, 
paper, dried at lOO^^Page and Miller). Denham. Chem. Soc. Trans. 1919. 5./6. 

Electrolytic methSds of estimation have also Cadmium ehlorlde CdClf is prepared by 
been found to be suitable and to yield accurate evaporating the solution c! the metal or oxide 
remits. A cyanide solution with an E.M.F. of in hydrochloric acid. It melts below a red heat 
3 to 3 6 volts andt|k current of 002 to 005 and sublimes at a higher temperature, con- 
ampere. is a convenient arrangement (Rim- densing in micaceous plates, 
bach). Cadmium iodide Cd[« is obtained bv digesting 

To separate it from other metals not precipit- 1 part of the metal with 2 parts of iodine in 
able bjr sulphuretted hvdrogon in acid solution, it water and evaporating the solution. It crystal- 
is precipitated as sulphide by that gas. washed, hses in large transparent tablets, soluble in 
dissolvAl in nitric acid, and precipitated with water and alrohol. It is used in medicine and. 
sodium carbonate. on account of its stability and solubility in 

Alloys of cad*ulum. The addition of cad- alcohol, for iodising collodion plates in photo- 
mium to Xictals usually increases their fusibility graphy. 

without destroying their malleability. Cadmium sulphide. Cadmium yeUow, Jaunt 

The alloys with gold and copper are brittle; hriUant. This pigment may be produced by the 
the otliers are usually ductile and malleable, addition of sulphim^tted hydrogen or an alluilme 
\\ itii *gold, a crvsialTine brittle silvery alloy, sulphide to a solution of a cadmium salt. It may 
corresponding wi^h AuCd. has been prepared, also be prepared by heating a mixture of cad^- 
and l^e exmtence of a compound. Au 4 Cd,. mium oxide and excess of sulphur, but that pro- 
is also indicated. Alloys, containing between duced by the former method is of a finer colour 
51 and 63 p.c. of cadmium, are very brittle, and has greater covering power. It may also be 
With platinum, a white crystalline compound formed by the action of hydrogen sulphide on 
appears to exist ; and with copper compounds cadmium vapour. The various hues of different 
Cu.Cd and CniCdg. are indicated. U'he alloys preparations depend on whether the substance 
rich in cadmium are steol-grcy and soft, but is crystalline or amorphous, and on the size and 
become harder and more brittle with increase of nature of the surface of the grains, 
copper up to 20 5 p.c., \^hon the hardness again It is an orange- or lemon-yellow powder, but 
decreases and the yellow cole ir of copper may be obtained in prismatic crystals of 8p.gr. 
appears. Rcscarcbos i)^ Rose on alloys of silver 1*82. When heated to redness, it becomes first 
and cadmium indicate the existence of the com- 'brown, then carmine ; it melts at a bright-red 
pounds AgOcIs. Ag,rd„ AgCd, Ag,Cd,, Ag,Cd, hoat. and solidifies, on cooling, in laminic of the 
and Ag«C)l. Alloys containing over 80 p.c. original colour. 

sib ec are uniform and homogeneous, and well It is a very hriliiani {x^rmanent colour, 
.luite^f as material for trial plates for silver According to Jaequet. it is acted upon by light 
coinage and ware, for uhich the silver-copper and by chlonrie. it is much usc^ as an oil 
alloy is not quite satisfactory. With sodium and water colour, for colourmg certain toilet 
a compound. CklyNa, has been prepared, and soaps, for the production of a blue fiame 'in 
compounds CdMg and CdMgi are indicated in pyrotechny, and in calico printing. The chief 
the alloys with n.agnesiuni. The addition of adulterants are compounds of zinc. According 
f p.c. cadmium to zinc increases the breaking to Buchner (Chem. Zentr. 15, 329), two modifioa- 
strain, but more than } p.c. has the opposite tions exist: (J) the a-variety, precipitated by 
cllcct. 'I'he amalgam, with mercury, was hydrogen sulphide in faintly acid solution ; it 
formerly used in dentistry, but its use has been is lemon-vellow, and possesses good covering 
discontinued, as it produces discolouration of power. When heated, it darkens temporarily 
the dentine. Multiple alloys, containing bU- to violet- red, but no {^rmanent change occurs 
mutb. frcqueytly melt below 100°, and are used unless the temperature is high enough to produce 
as fusible alloys: for three and other allovs con- oxidation. (2) The j3-variety. produced in 
taining bisiniiih and cadmium, v, AUoys oj strongly acid solution ; it resembles red lead. 
bismuth, art. ItisMUTH. The metal is occasion- possesses good coverinx power, and is ordinarily 
ally used as a substitute for tin in solder. quite permanent ; if heated, it changes to the 

Cad^llum oxide CdO is prepared by heating a-variety. Various shades are obtainable by 
the carbonate, in which case it is of a pale- brown mixture. The sulphide can also be obtained in 
colour ; or by igniting the nitrate, when it is colloidal solution. 

much darker and forms minute crystals. By Schmid (Dingl. poly. J. 241. 149), prepares a 
heating cadmium in a current of oxygen, the steam yellow for calico-printing as follows : 16 
oxide may oe condensed in octahedral ciystals ; parts wheaten starch and 40 p^ burnt starch 
at low temperatures, some peroxide is also are boiled in 1000 parts of water and mixed 
formed (Manohot). Cadmium oxiae is infusible, while hot with 350 parts of sodium thiosulphate. 
insolubL in water, soluble in acids. It con- To the cooled solution, 350 parts of finely 
stitutes the brown deposit found in the con- powdered cadmium nitrate ,are Mded with con- 
densers in the distillation of zinc. stant stirring until dissolved This solution 

CadmlttO^ suboxids CdgO appears to be does not react in the oold, and mav be applied 
formed in small quantUy when oadminm oxalate to fabric and steamed, yellow sulphide 
is heated ip a stream of carbon dioxide (Tanatar. being then precipitated. 

Zeitsoh. an^ ig. Chem. 1981, 27. 433), or when Cadmtia lalpliato CdS 04 , 4 Ht 0 L e veiy 
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soluble salt ptepare^ by diasolving the oxide or 
carbooete in sulp||uric acid. It is used to some 
extent 'in medioim» in place of sine sulphate, 
espeoially on the Continent It is also used in 
the oonstruotion of the Weston cell as a standard 
of E.M.F. The cell is usually made in the form 
of an H. ' One of the limbs contains mercury, 
covered by a paste of cadmium and mercurous 
sulphatea The oth9r oontaiits cadmium amal- 

g am. Above both, to nearly the top of the 
mbs, which are closed by cork and wax, is a 
saturated solution, with crystals of oadiuium 
sulphate. Through the glass of the lower limbs, 
platinum wires pass. The cell has an E.M.F. 
of 1H)19 volts at 15**~18°, and has the advantage 
of a very low temperature coefficient. 

Forms a double salt with ammonium sulphate 
(JdiJ 04 (NH 4 )|S 040 H| 0 . A salt of the composi- 
tion 2 C)dS 04 (NH 4 ) 1804 . hygroscopic, microscopic 
crystals, yellow when liot, white when cold, of 
sp.gr. 3*11 at 22** is also known (Veres, Compt. 
rend. 1914, 158, 30). 

Cadmium nitrate Cd(N0a)i,4H|0 is prepared 
by dissolving the oxulo or carbonate in nitric 
acid. It crvstalitses in deliquoscont fibrous 
needles, soluble in alcohol. 

Cadmium salicylate is prepared from the acid 
and oxide or carbonate. It is reiulily soluble in 
alcohol, ether, or glycerol, and is used in 
medicine os an external antiseptic. 

CAESIUM. Synib. Cs. At. wt. 132*8. 
(Jsssium was discovered m 1850 by lluiiHcii and 
Kirchhoif, in the Durkheiiu water, being the first 
element detected by means of the spectroscope. 

It is widely but sparsi^ly distributed, usually 
in association witli rubidium, os in the kpidohte 
from Hebron m Maine, U.S.A., which contains 
0*4 p.G. cesium oxide and 0*2 ]).c. rubidium 
oxide ; in petahle ; m tlu* mother liquors of the 
Nauheim salt spring, and in the ash of seaweed, 
tobacco, tea, and other plants. Setterberg 
(Annalen, 210, 100) describes a method for the 
separation of caesium and rubidium from the 
alums obtained as a by-product in the manu- 
facture of lithia from lepidolite. For observa- 
tions on the solubilities of cseKium alum, see 
Hart and Huselton (J. Amer. Chem. Hoc. 1014, 
35, 2082). For details of the method of separa- 
tion of ciBsium and rubidium bv fractional 
crystallisation of the aluminium and iron alums, 
see Browning and Spencer (Amer. J. Hci. 1015, 
42, 270). CcBsium and rubidium chlorides arc 
obtained ff^m camallito by repeated 
fractional crystallisation. The csesium is sepa- 
rated from the rubidium by the addition of 
antimony chloride, which precipitates only 
the csBsium in the form of the double salt 
SbCIt'BOsOl (Fict and Kubcirseky). 

CflBsium occurs fre <4 from rubidium in the 
rare mineral poUucite, from Elba, to the extent of 
34 p.c. of ensium oxide ; to the extent of 1*71 
parts of csBsium oblorido per million in the water 
of the Wheal Clifford Mine (Yorke), and in the 
mineral waters of Frankhauson. 

Cssium may be prepared by electrolysis of 
a fused mixture of ensium cyanide 4 parts and 
barium cyanide 1 part, using electrodes of 
aluminium (Setterbeis). It is more xeadilj ob- 
tained by hMting the nydioxide with aluminium 
in a nickel retail and condensing the metal i'l 
a dsM receiver (B6k4toff) ; or 1^ heating the 
oarboodte or hydrate wiA ^nagi^am in a 


current of dry hydrogen (Graebe and Kokhardt). 
A more rapid moth^, giving a beiU'r yield, is 
stated to be the reduction by oaicium ; 3 grama 
of this metal in small pieces with 13 ^i|mis of 
cassiuin chloride are heated in a wide inverted 
Y'tube, the vortical limb being oogneotod to a 
Sprcngol pump. Reduction occurs at about 
400*’, and the ciesium vohitiJiaes and condenses 
in the vertical tube. It resembles rubidium and 
potassium ui appearance, being silvery white, 
and soft at ordinary Uuiipvratures. It quickly 
oxidises in air, and Vleconiposea water at —115* 
with ignition of the Uberatoil hydrogen at higher 
temperatures. Its sp.gr. at 15* is 1*88, 1*0020 
(Hackspill, Compt rend. 1011, 152), its melting- 
point is 25'^- 27* (Sotterberg) ; 28*45* (Rengode, 
Coinnt. rend. 1013, 150, 1807). 

The cm>i1iciont of cxpuiiHion of the solid 
metal is 0*000201, of the liquid motal 0*000345 
between 28* and 50* (Hackspill, l.c.^ Hpeoiho 
heat (solid) 0*0522+0*0001374 ; liquid 0*0504- 
0*000034^ : heat of fusion 3*755 ; ratio of atoiuip 
heat of fusion to abs. m.p.«: 3 l '55 (Kengado). 

Cmsium is the most efootro-positive oKdi the 
elements. Its salts are stabl^^and have a strung 
tcndciu y to form double salts.* The salts are 
isomoiphoua with those of potassium and 
rubidium, and impart a more reddish tinge to 
the buii.seii (laino ithan* salts of those metals. 
The h>di’(Aiile (*sHO is a gn^yish- white highly 
deliquerteenf> solid, melting below a rod hi^t. 
TJio oxidt» Ch|0 is lyeparcd by exposing the 
metal to lasulliciont oxygen and distilling off 
excess of cwsium ; u peroxide CsOg is former! by 
heating to 3tN[>* m ex(x*ss of oxygen (Rengado). 
For its absorjAion spfctrumt see Bevan (Proe, 
Roy. Hoc. 101 J. 85, A, 51). 

CAFFEARINE. Founu in the mother liquors 
of catloino from coffee berries; is identical willi 
trigoiiulliiio (^.e.) (Gorter, Annalen* 1010, *172, 
237). . . 

CAFFEINE AND THE ALKALOIDS OF 
TEA. COFFEE, AND COCOA. The chief alka- 
loids of jiraetical importance in this wu’ies are 
caffeine C 4 HjoOgN 4 , theobromine t* 7 H 40 .N 4 , 
and theophyllmo CJjHgOgN,; Adenine (^H-Ng 
xantliiiieCgHgt l.Ng, and hypoxanthinoCgllgONg 
have also been found in tea in small ainounlu. 

These alkaloids are ail derived from a 
parent substance purine ('gllgNg, which has 
not br^m found occurring naturally, but was 
synthesised by Fischer (Ber. JH08, 31, 2550). 
Derivatives of puruio occur widdy distributed 
ill plants and animals. Of these, uric acid 
(2:5: 8 -trioxypunQe) G^HgOgN, is of con- 
siderable im{)ortunce, as it is usea in the indus- 
trial manufacture of the alkaloids of this series ; 
guano, in which it occurs in considerauo quan- 
tities, being the source from which it is obtained. 
The constitution of these compounds and their 
relationship to purine and to each other will 
bo considered in |letail below. 

Caffeine ^HjgOgNg is the principal alkaloid 
of tea and emfee and of similar stimulants, such 
as kola (Wrat Africa), mat4 or Paraguay te^, 
and guarana (both us^ in South AmeAca). 

Average samples of tea loaves contain from 
2*5 to 3 p.c. of caffeine, ihough some varieties 
may contain as mtch 4 p.c. ^Coffee beans, 
in which caffeine occurs partly free and partly 
ae potaaiiun eaffeiae cblorogenate,, rarely con- 
tain more than p.e. (v. Bui*i Imp. In^ft. 
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J908, 6, 1). oonteiiis from 1 to 2 p.o., obtomad by evapontipg aqiieom aoltttioii of 

S oaraiiA Mate from 3 to 4 p.c., and kola abont equimoleciilar proportioiiB of .caffeine and dtrio 
p.o, of caffeine. Only veiy gjnall amounta acid to dirneas. It forma a white powder 
occur 4n cocoa beana (Schmidt, Annalen, 1883, eaaily aoluble in water. S im i l a r compoonda arc 
217, 300). caffeine aodio aalicylate and benzoate, which arc 

Caffeine^ ia obtained industrially almost also used medicinally, 
entirely from tea croat or damaged tea. The Caffeine dissolves without oolodration in 
material is * denatuiad * by addition of about concentrated sulphurio acid or cold concentrated 
10 p.o. of slaked lime and 0*1 p.c. of assafcetida. nitric acid. If to the solution in sulphurio acid 
The well>mixed material is then extracted a crystal of potassium diohromate be added a 
either with boiling <\ater or more usually unth green colouration is produced. Caffeine, in 
hot alcohol in a reflux auparatus. The extrac- common with the other alkaloids of this group, 
tion is repeated three or four times, the extracts gives the murexide reaction, if a small quan- 
combined, and the solvent recovered by dis- tity of the base be moistened with concentnted 
tiilation. The residual liquid is treated with hydrochloric acid a crystal of potassium chlorate 
lithame or,Iead acetate, avoiding excess; the added and the mixture evaporated to donees, 
preci^lbte is filtered off, and the filtrate con- a reddish-brown residue is obtained, which, on 
centrated, when caffeine crystallises out on moistening with dilute ammonia, gives a fine 
cooling. The pr^uot is punlicd by recr>'Mtal- reddish-purple colouration, 
lising, dedolourieing with charcoal, Ac., when Caffeine in ddute acid solution is precipi- 
necessary, or by sublimation. tated by phosphomolybdic and phosphotungstic 

, An alternative metliod sometimes employed acids and by potassium bismuth iodide. With 
consist^ in the exhaustive percolation of the tannic acid a precipitate is formed, which is 
denatured tea by means of hot benzene. The soluble in excess of tno reagent. No precipitate 
conceiitratod oxtriDct is freed from benzene, the is obtained with Mayer's reagent or iodine in 
residue, consisting of caffeine,' together with potassium iodide. 

fatty and rc^sinous material, is lulled with EatitnaUon, A very large number of pro- 
water and filtercvl fpmi insoluble material, cesses have been suggested from time to time 
On coneentrating the 'filtrirto caffeine crystal- for the estimation of caffeine in tea, coffee, Ac., 
lisos out, and may be purified by the methods and widely divergent results have b^n obtained 
described above. with methods differing only in minor details. 

Caffeine is also a by-product obtained in the This ap^iears to lie due, m many cates, to 
manufacture of * caffeine free ' <*offee, and is unsatisfactory ptx'hminary treatment of the 
further maiiufoctuFed synthetically from uric material under investigation, the caffeine not 
acid (sre below). For the preparation of Biiiall being set free from the complex compounds 
quantities of caffeine, 100 grams of tea dust is caffeine potassium chlorogenate) in which 
extracted three or fo^ir times with boiling water, it occurs naturally. 

The extracts are combined, 10-15 grams of Stahlschmidt's process, os modified by Allen, 
magnesia added, and the mixture taken to appMrs to give satisfactory results, and is 
dryness. The residue is transferred to a iSohxlet carried out as follows ; — 
appartfktus and extracted with chloroform. Six grams of finely-powdered tea are boiled 
itn evaporating off the s.ilveiit a soiuowhat under reflux with 500 c.c. of water for 8-8 
impure cuffeiiio it'iiiains, which may be purified hours. The decoction is then filtered and the 
by crystallisation from water or by sublimation, residue washed with hot water until the volume 
(VtTeino crystallises from w'ater with IH.O, of the filtrate and washings is UOO o.o. The 
from alcohol anhydrous, in long silky needles, solution is then heated nearly to boiling, 4 
It loses water at 100*^, and when anhydrous grams of lead acetate adde<L and the mixture 
molts at 234'’-235°. it sublimes readily at boiled under reflux for 10 minutes. If the pre- 
about 180*. cipitate does not coagulate and settle down 

One part by weight of caffeine dissolves in readily more lead acetate is added and the 
60 parts of alcohol (00 p.c.), 300 parts of ether, boiling repeated. The liquid is filtered, 600 
9 parts of chloroform, or ^ parts of water at c.c. evaMrated to 40 o.o., and the caffeine 
about 15*. It is very soluble in hot water extracted by shaking witH chloroform. On 
( 1 : 2), so that a hot concentrated aqueous evaporating off the solvent caffeine remains 
solution on cooling sets to a solid crystalline behind and is weighed. Tatlock and Thomson 
mass. Its aqueous solution reacts neutral to (Analyst, 1910, 35, 105) boil 2 grams of tea with 
litmus. < 800 c.o. of water for one hour, filter and evaporate 

Caffeine is a weak base. Its salts are dis- to small bulk. The solution is made aikaiine 
soeiated on evaporation of their aqueous solu- with caustic soda, and the caffeine extracted 
tions, and the free base may be obtained from by shak^ with chloroform. Thia method is 
aoid solutions by shaking with chloroform, said to give results identical with those obtained 
Certain double salts of oaffeinecare more stable ; by more complicated processes. Other methods 
the merourittiloride B*HgCl| fornis colourless in use are due to Paul and Cownley (Pharm. J. 
needles, m.p. 2M* ; the aurionloria^ B*HAuCl 4 * 1887, (iil) 18, 417) ; Dvorkowitsoh (Ber. 1891, 
2^|0, m.p. 243* (248*5* anhvdrous), on warming 24, 1945) ; Keller (Ber. Deut pharm. Ges. 1897, 
with watCr forms an amorphous yellow precipi- 7, 105) ; Power and Chesout, J.^Amer. Ghem. 
tate * auriohloroaffeinu * CtHt(AuCl|)0|N^m.p. Boo. 1919,41, 1298; and for the estimation of 
207* (DuMtaa and Shmhearda Chem. Soo. Trans, oaffeine & coffee a modification of the last 
18^ 03, 199). For other 'caffeine salts, ut method by Kata {ibid, 1902, 12, 250). 

Nieholaoii ( Annalen„ 71) and Bohmidt ^ TTnekromhli CiH 40 tN 4 k the prhidpal 
{ibid, 1883,^17, 283 ; and Ber. 1881, 14, 813). ykaloid fomid in cocoa beans in wlmdi k li 
, Caffeine dStrate, largely 4ised in medicine, is pioMt to^Hhe eiAent of aboui l*6Hl‘<r pwo. 
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it aiao oooura in slAall qiuuiUtiea in kola iiuU 
and leaYM, in gutM^a, and in tea. 

For the preparation of theobromine the 
ooooa beans (commercially the husks which 
contain about 0*^1 p.c. of theobromine are 
employed) are freed from fat as far us possible, 
cither by pressure or by oxtmeiiou with light 
lietroleum, the residue mixed with half its 
weight of slakdd hme, and the mixture oxhuustid 
by boiling alcohol (80 p.c.). A considerable 
portion of the theobromine separates on ccMiling, 
and is filtered oF. The filtrate is then acidified, 
the alcohol removed by distillation, the residual 
liquid filtered hot, and the filtrate neutralised. 
Theobromine separates aa a yellowish-white 
crystalline powder. The product is purified bv 
crystallisation from boiling water or alcohol, 
but best from hot glacial acetic acid. On the 
largo scale purification is most roudilv achieved 
by dissolving in alkaline solution and rcprccipi- 
tating by addition of acid. 

Tneobromino forma a white orystalline 
powder which sublimes unchanged at about 
200*, and melts at 320*-330*. it is very s^iar- 
ingly soluble in water and most organic solvents. 
It is soluble in about 20 parts by weight of 
boiling glacial acetic acid, from which it separates 
almost completely on cooling. It behaves both 
as a weak base and an acid. The hydrocldoride 
B'HCl.lfiO is crystalline, and is obtained by 
dissolving theobromino in hot concentrated 
hydrochloric acid and cooling the solution. 
On drying at lOO* the free base is obtained. 
Theobromino dissolves m dilute nitric acid, and 
treated with silver nitrate slowly foims a com- 
pound CyUgO|N4HNOtAgNO| if, however, 
theobromino be dissolved in ililute ammonia, 
silver nitrate added, and the solution then 
boiled, a white crystallmo precipitate of silver 
theobromino CjKyOgNiAg'rjHjO, which is 
almost insoluble in wati^r, is obtained. Thco- 
bromine also forms a calcium salt, which can bo 
ciystallised from water. 

Theobromino gives the murexido reaction, 
and is precipitated by the usual alkaloid pro- 
cipitants, with the exception of Mayer's reagent. 

The base finds employment in mcdicino 
c)iiefly as a diuretic, and for this purpose 
numerous soluble compounds of theobromine 
have been produced. Chief among those may 
be mentioned DiurcUn (theobromino sodium 
salicylate), prepared by dissolving theobromino 
in the calculate equivalent amount of caustic 
soda solution, adding a molecular proportion 
of sodium salicylate and evaporating the 
solution to dryness in vacuo. Uropherin (thoo- 
bromina lithium salicylate), Urophenn-li (theo- 
bromine lithium benzoate), and Barulin (barium 
theobromine sodium salicylate), Ac., are com- 
pounds of the same type. 

BHimcAion, The following process, due to 
Dekker (Bee. trav. chim. 1903, 22, 143), is 
genemlly employed for the estimation of 
theobromine in cocoa and similar products (c/. 
Ddboaideaus, J. Pharm. Chim. 1917, Id, 300). 

Ten gnllkis of the powdered xnaterial is 
mixed with 5 grams of magnesia and boiled 
under reflux for one hour with 300 c.c, of water. 
The extreot ie filtered off end the extraction 
nneeted lor fifteen minutes with a fresh qiAntIty 
of water. The filtmtee are oombhiwl and 
evaporated to diyneea on Ihe wa^-bath. The 


reatdue is mixed with sand, the material trans- 
ferred to a Soxhlet, and completely extracted 
with chloroform. On evaporation of the 
solvent theobromino remains, and is Bqed and 
weighed. 

A method for the estimation ol theobromine 
depends upon the formation of its periodide 
0yH40|N4, 111,14. 0*1 gram of the sample 
with an equivalent quantity of sodium acetate, 
IS dissolved m 2 c.c. of glacial acetic acid, 5^.o. 
of hot water are add^.- and Uie solution is 
transferred to a 100 c.c. flask containing 60 0.0. 
of solution; 20 0.0. of saturated 

sodium chloride solution and 2 c.o. of oono. 
iiydrochlorio acid are added, and after about 
18 hours, the mixture is diluted^ to 100 c.c., 
filtered, and the excess of iodine ti^&ted in 
an aliquot portion of the filtrate (Emory and 
8{>encor, J. Ind. Eng. ChoiiiAl918, 10, fi06). 

Theophylline CtH 40 J« 14 , Isomorie with theo- 
bromine, is of much less importance Uian 
theobromino and caiTeine. It was found jn 
small quantity in tea by Kiossol (Zeitsoh. physiol, 
rhein. 1880, 13, 298), and was obtain^ from 
the mother ycjuors from %hich caffeine bad 
crystallised out. The compleio isolation was 
olToctcd as follows : — 

The mother liquors wore diluted with water, 
acidified ^ith dilute sulphuric acid, and filtered 
afU^r standing for some time. The filtrate was 
made alkalme with ammonia, silver nitrate 
added, and the mixture allowed to stahd 24 
hours. The precipitate was ooUeotod and dis- 
solved m warm dilute nitric acid. On cooling 
tlio silver ctmpounda of adenine and hypoxan- 
thino crystalliMd out. To the filtrate from 
these ammonia was added, and silver Uioophyl- 
iitie was precipitated. The precipitate was 
deconqioseu by sulphuretted hyikpgen, and on 
concentrating the nitrate xantliine and f'|i&d^ 
tlicophyllinc crystallised out. Further ^quanti- 
ties ucro obtained from the mother liquor by 
precipitation with mercuric nitraUi and (locum- 
poRitioii of the mercury precipitate. 

Theophylline crystallises with IHgO in 
thin plates or needles, m.p. 2fi4*. It is sparingly 
soluble in cold, readily soluble in hot, water or 
alcohol. It behaves as a weak base, and yields 
salts with acids and derivatives with metals. 
It gives the murexido reaction, and in general is 
very similar to thoobnmiiiio. It forms soluble 
douiilo salts, of which theotin (sodium theo- 
phylline sodium acetate) has been successfully 
emploved in medicine os a diuretic. 

Adenine cyiiiVi (O-aminopuririo), as men- 
tioned above, lias b^n found in small cuantities 
in tea. It crystallises with sublimes at 

2.i0*, and melts at 3fi0*-366*. it ia> sparingly 
soluble in cold, readily soluble in hot, water. 
The picrolonato, m.p. 266*, ciystallisM from 
water. Adenine has been synthesised by 
Fischer (Ber. ^97, 30, 2226), and by Traube 
(Annalen, 1004, 331, 64). • 

Hypox^nihint (6 - oxypurine), 

needles, mup. 160*, was found in small quantBies 
in tea (Kossel, Lc,). Kruger, howevir (Zeimh. 
physioL Chem. 1896, 21, 274), suggests that it 
was produced frm adinine by the method of 
isolation employ^ is a non-acid base 
and forms met^c de^'^atives." It is sparingly 
soluble in ookb xather more readily soluble in 
hot, water. 
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Xanthine (2 : d-dioxypurine), 

found to present in (Kossel, f.c.), has 
similar properties to bypoxanthine. 

Conitlliitldii and Syntheili of Caffeine, 
Theobrdmlne, and Theophylline. It has been 
mentioned previously that the alkaloids described 
above are cld^ly relaied members of a group of 
bases derived from a^^arent substance purine, 
which has the constitution denoted by the 
formula shown (Fischer, IJer. 1808, .U, 2650). 

(1) N=ggH (6) 

(2) H(i (!!(6)-NH (7) 

(3) N^-C(4)-N(9)^®‘^ 

Caffp^e, aheobromme, and theophylline are, 

in fact,* methylated derivatives of xanthine, 
which itself is 2 : 0-dioxypurine. Theobromine 
and theophylline ate diincthvl xanthines, from 
which caffdlne and trimothyl xanthine may bo 
obtained by mcthylation. Thus caffeine is 
formed when silver thoobromme is heated with 
methyl iodide (Streckor, Annalen, 1801, 118, 
170), heating notassium theobromine w'ith 
methyl iodide at lOO^ (K. Schividt, Annalen, 
217, 205), or by the action of dimethyl sulnhatc 
upon theobromine in alkaline solution (Ult^c, 
rhom. Wkbld. 1910, 7,« 32). 'J’lie silver com- 
pound of theonhyllino, on tre(A.tnent wUh methyl 
iodide, similarly yields caiTeino. 

Our knowledge of the constitution of the 
purinj derivatives is largely due to the work of 
Fischer. One of the most important members 
of the series is uric aoi<l 2:9: 8'tnoxypurino, 
which occurs naturally in largo quanlitios in 
guano and serves as a start iiig-noint for the 
synthetic manufacturs of the alkaloids under 
consideration. 

The syntb^sis of uric acid was accomplished 
bv riachor and Ach (13cr. 1895, 28, 2173). 
Maloniianeid was condensed with urea to form 
malonyl carbamide (1.), which, by the action of 
nitrous acid, yields an isonitroso derivative 
violuric acid (if.). On reiluction uramil (111.) is 
obtained, which by tlie action of potassium 
cyanato is converted into patudo uric acid (1V\). 
This, on treatiiiont with hot dilute acid, gives 
uric acid (V.). 


HN-CO 

I I 

UC OH, 


Nll-00 

I I 

UN ~CO 

11 . 


HN-CO NH-CO 

lie II 

OC CUNHCONH, CO C-NH\ 

11 I II )t‘0 

HN-00 NH-C-NH/ 

IV. V. 


I heating with dilute caus'' c potash solution, 
yields caffeine (IX.) Under slightly different 
conditions a tetraehlor derivative (X.) is ob- 
tained, which on treatment with potash yields 
theophyllino (XL). 


NMe-CO 


11 'II 

CO C-NHv CO C-NMcv 

I 11 >0-Mo I II >CMe 

NH-C-N ^ NMe-C-X ^ 

VI. VII. 

NMe~CO NMc— CO 

II II 

CO C-NMCv CO C-NMcv 

I II >CCC1, I 11 ^CO 

NMe-C-N ^ NMe-C-X ^ 

VIIL IX. 

NMe— CO NMe CO 

CO (‘-XCIUClv (!'() (*-NHv 

I II > CCI, I 1| >11 

NMe-C-X ^ NMc-C-X ^ 

X. XI. 

Theophylline (XI.) is also obtained cuniiiicr- 
cially from dimethyl carbamide (Traubc, Her. 
1900, 33, 3035). This is condensed with cyan- 
ocetic acid in presence of phosphoryl chloride 
and gives diinethytimino barbitunc acid (XI 1.), 
which by the action of nitrous acid yields an 
oximino derivative (XI 11.). On reduction a 
diinethyl-diamino-dioxy-pyriiuidino (XIV.) is 

{ iroduced, which with formic acid yields a 
ormyl derivative (XV.). Thw on heatmg loses 
water with formation of theophylline (XI.). 


HX-CO 
OC tWu, 

I I 

HN-CO 

111. 


NMe— CO 
CO Jll, 

I I 

NMp-(T : Nil 
XU. 

NMe-CO 

CO cl-NHa 

I II 

NMe-CNIlj, 

XIV. 


NMe-CO 

I I 

CO C : NOH 

NMe-C ; Nil 
XIII. 


CO CNHCHO 

J » 

NMc-CNH, 


Theobrommo has been synthesised by a 
series of reactions similar to those abovo 
Starting with methyl carb.mide 3-methyl- 
xanthine (XVl.) is obtained, which on methyJa- 
tion gives theobromine XVTl. 


CO C-NHv 

I NMe-C-.N ^ 
XVL 


NH -CO 

CO C-NMcv 

N^Me-C-N ^ 
XVU. 


Frum urioi acid caffeine ia manufactured 
•ynthetioally by the following reaoUons (Hoeh- 
ringer u. S5lme, D. R. P. 121224). Lrio acid is 
coii^erted ^by heating with acetic anhydride 
into 8-methvlxanthine (VT.). This, on methyla- 
tion in alkaline solution, gives 1 : 3 : 7 : 8- 
tetramethylxanUiine (VIU. ^ the action of 
chlorine under kpecUied/^onditions this is oon< 
verted into a tnchlorcf derivative of the con- 
stitution shokT' in formula -/.Vlll.) which, on 


Theobromine may also be obtained syntheti- 
cally from uric acid. This is converted into 
8-methylxanthine (VI.) as in the caffeine synthe- 
sis. The dxy dipotassium salt of 8-methylxanthine 
is heated with methyl iodide when trimethyl 
xanthine (XV ill.) is obtained. Chlorination of 
this compound results in the formation of a 
tri-ihUro derivative (XiX.)f whiuh on heaUng 
with dilute caustic potash solntion yielda 
Uieobroiuiiie ( 2 X\ 11 ). 
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XH-CO 
CO C-NMe 


iIh( 


11 


'^CMo 


NH-CO 

! i 

CO C-NMe. 


^-OHxa, 

4^ 


;o.O-X NMe-0~N 

XX'llI. XIX. 

A. J. B. 

CAPFEONE {Cc^tol). A brown oil, hewvtor 
than water, abd aligutly soluble in boiling water. 
Constitutes the aromatic pnnciplo of coffee. 

be obtained by distilLn^ freshly roasted 
coffee with water, and agitating the distillate 
with ether, which dissolves out the od. Accord* 
mg to Lehmann and Wilhelm (Cbem. Zentr. 
J8U8, ii. 372), it has no physiological action on a 
healthy man (v. Covvbb). According to Grafo 
(Monatsh. 1912, 33, 1380), it consisto of about 
30 p.o. of furfuryl alcohol and 38 p.c. of valeric 
and aoetio acids, with phenolic sul stances of 
a creosote odour and a nitrogenous substance 
allied to pyndino to which the aroma is due. 
It appeal's to bo formed by tlio distillation of 
the crude libro of the Immii. 

CAFFETAENIC ACID r. I'annims. 

CAiL-CEDRA, Khat^a (A, 

JuHs.). A tree of the melisooous order, growing 
on the bunks of tlie (lainbia and on the lowlands 
of the ])cmnsula of ('anu do Verde. Its ImtK is 
very bitter, and is much pn/c<l by the natives us 
a febrifuge, on which account it has been culled 
the cinchotui of Sttuyal, Its wood rcsomblos 
American (Hotiduras, Cuba, Mpamsh) mahogany, 
IS one of the 8o cullc<i African mahoganies, and 
is used 111 inakitig the finer kinds of furniture. 
The bark con turns, amongst other substances, 
an extremely bitter, neutral resinous Hubatanco, 
called call-codrin, to which its active properties 
appear to bo due. 

CatUcedrin is very sparingly soluble in waU^r, 
but readily soluble in ulcoliol, ether, and chk^ro* 
form. It is obtained by repeatedly exhausting 
the coarsely pulverised bark with boiling waU'r ; 
evaporating the filtered liquuks over the w'atcr* 
bath to the consistence of a syrup ; exhausting 
this extract with alcohol of 1)0 p.c, ; preciintaijiig 
the alcohol filtrate with basic lead acetate ; 
filtering, distilling off the alcohol, and agitating 
the residue with chloroform, which dissolves 
nothing but the bitter principle. 1 kilogram of 
the bark yields about 8 milligrams of callccdrin 
(Caventou, J. Phorm. [3] 16, 365 ; 33, 123). 

CAInCETIN 4^. Glu^osidbb. 

CAINCIN V. Gluoosiobs. 

CaIBRHGORM V Quabtz. 

CAJEPUT or CAJUPUT OIL r. Gils, Kssbk- 

TiAL. 

CAJEPUTOL V. Camphors. 

* OAL ’ V. Tuvqstbh. 

CALABAR BEAN r. Obdbal beam. 

CALABAR FAT v. Physostiomxnx. 

CALABARINE, CALABAROL, v. Ohupal 

BBAV. 

CALAFATITE. A double sulphate of alumi* 
nium and potash, so named after its discoverer, 
Calafat. Omuts near Almeria. Contains 
34*77, Al,0, 37*98. K,0 9-64, H,0 17-61, 
•p.gr, 2*76. ( V. ALtnuiTB. ) 

CALAMINE {Gafmti, Ger.}* Under this name 
two oommoossinc miDerais---the carlmigtto«(v* 
Smithsooits) and the bydrous sUicato (v. 
HemBnoiphite) — are fre%upatlys much coo* 


fused. The lAtin form Uipu cakminaria is 
' to be a corruption of ihe old name 


dmta (itdlpia) used fur zinc in general. 
The minerals in question often so closed reaomblo 
one another in external apiM>aranco that it is 
only possible to distiiiguiali theiu by chemical 
tests: and it was not Kniii 1803 that James 
Smithson definitely ostahlishod the existence of, 
the two distinct siH^cies. The name oalamine 
was then applied by some authors to* the 
carbonate (sparry calaptmo), and by otiiet 
authors to the hyili-ous silicate (clot^trio cala* 
mine). In 1832 F. S. Beudant pioposod the 
name smithsonite fur the oarbonaio, restricting 
the name calamine to the hyiln^us ideate ; 
but most unfortunately Brooke |pid Miller, in 
1852, reversed these designations. • Beudant 
has been followed by Dana and many other 
mineralogists, but in England tlio name oala* 
mine is unfortunately (dill much i|| use for the 
carbonate, and bminnuirnhito (G. A, Kenngott, 
1853) for the hydrous silicate. Thu use of ^lo 
latter name ^lartly oleara»up the confuuon, since 
it is descriptive of the verv characteristics hemi* 
murjihie ucvclopinont of^tho crystals. The 
old name ziAc spar is also descriptive of the 
carbonate. L. J. S. 

CALAMUS. The Indian variety of Aconu 
calamus fLinn.) ;• is tAed as a mouioine in the 
Levant ; * the Turks candy it and employ it as 
a remedy against contagion. The volatile oil 
occasionally enters, into the composiNon of 
aromatic vinegar. According to Thoms, cicofin 
UtsUfoG*, in contact with ferments, splits up 
into sugar and uil of calamus * 

i-30,oHis 

(cf, von Soden and Ilojomn, Chem. Zentr. 1001, 
i. 843 ; Thoms and Beckstroern, Bor. 1901, 34, 
1021) (v. Acobub oalamub). ^ 

CALAVERITE. A toUuride of gold, 
containing 40-43 p.o. of gold with 1-^ p.o.* of 
silver. It was first found in Calaveras Co., 
California, and afterwards in considerable 
abundance in the Cripple Creek district in 
(Colorado and at Kalgoorlio in Western ^ usiralia, 
where it is of iinportanc# as a tell unde oiu of 
gold. Sp.gr. 9’165~9’39. The small complex 
(monocliiiic or triclinio) crystals from Colorado are 
tin- white in colour, tarnishing to bronze-yellow on 
ex posuro. The massi ve material f rom Kalgoorlie 
is pale bronze-yellow with bright motallio lustre ; 
and with its sub-conchoidal fracture and absence 
of cleavage it much resamblos iruii-pyrites in 
appearance — in fact, before its value was rocog* 
msra, the mineral ha<l been thrown away on the 
waste heaps of the mines. L. J. B. 

CALClblNE. Calcium iodide. . 

CALCINOL. Calcium iodate. • 

CALCITE or OALC-SPAR. One of the 
dimorphous crystallised forms of calcium car- 
bonato (CaCOt). This rbombohedral form is 
less dense (sp.v. 2‘72) and less hard (H. 3) than 
the orthorhoi^io form aragonite (p.v.). It is 
also the lilore stable form ; when aragonite is 
boated to^low redness it passes into caloite, and 
paramorphs of calcite utev aragenite are of 
frequent occurrence in nature. From an 
aqueous solution oonfhining oarbon dioxide, 
calcium oarbonlte crystallisei^ as caloite at 
temperatures of and as a mixture of 

calotte and aragonite A higher ^temperatures : 
the presence of various salts in w solution also 
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fliToan the formetion of amffonito. (For a 
•ummary ci Um Uteratore on the crystallisation 
of calcium Cfrbonate, see F. Vetter, Zeitach. 
Kryst. 19 fO, zlviii. 40.) Calcite may be readily 
distinguished from aragonite by the possession 
of three perfect cleavages parallel to the faces of 
the primal y roombohAron, the angles between 
which are 74** 66' and 405** 5' (the plane angles 
on the rhomb-shaped faces are 78^ and 10^). 
The. mineral is readily scratched with a knife, 
and it eiferyesces brisl^y in contact with cold 
dilute acids. 

With the exception of quarts, calcite is the 
commonest of minerals It frequently occurs 
well crystallised and in a great variety of forms, 
the various forms of its crystals su^esting the 
trivial diMnes^ dog-tooth-spar,' ' naifnead-spar,* 
'paper-spar,' 'cannon-spar,' &c. As the essen- 
tud constituent of ^e rocks limestone, marble, 
and chalk, tilt is ox al^undant occurrence. In 
these forms it finds extensive applications as 
b\^ding and ornamental stones, and in the 
manufac|uro of lime, mortar, and cement. The 
clear, •ttansparent variety, known as Iceland- 
spar or doubly-reAicting spar, is used in the 
construction of nicol prisms tor optical polarising 
apparatus. Material suitable for thia purpose is 
ontained almost exolusivelv from a quarry in 
basalt on the Reydar-fi^rd arson the east coast 
of Iceland, but the supply is limited and variable. 

A conHidorablo quantity of clear material 
suitalfte for optical work hipi U‘cii found (1918) 
Mwoeii Oroycliff and ISigtiinber in Montana, 
where it occurs m vertical veins in gneiss 

• • J., J.S 

CALCIUM. Symbol Ca. At. wt. 40*0. 
Lime, the oxide of cakium, has been employed 
in the preparation of mortar from very early 
times. Inte^sting accounts of the process of 
limc4>urning are siven by Dioscorides and 
Pliny. Wt was not, however, until 1760 that the 
diticrence between burnt and unburnt lime was 
explained by Black. 

Calcium is universally found as carbonate 
('aCO, in the forms of calcapar^ marble, and 
limesUme, often in dhole mountain ranges or 
immense coral reefs. Dolomtte or btUer spar, 
the double carbonate of calcium and magnesium, 
oonatitutes the geological formation termed mag- 
nesian limestone. Calcium sulphate as unhu- 
drits CoSOa or ss.’eni.'s {gypsum) CaSO«-f-21ig0, 
is also very plentiful. Tne phosphate united 
with the chloride or fluoride also occurs widely 
distributed, often as minute inclosures in crystals 
of the primary rocks, as the mineral apatite, 
whilst calcium is an impoctant base in the greatw 
number of patural silicates. The soluble matter 
carried ad^ay by rivers largely consists of the 
carbonate and sulphate of omoium, while sea- 
water contains, in addition to these, both phos- 
phate and fluoride of calcium. The bones ol 
animals consist largely of calci im phosphate, 
and the theilf of molluscs of the carbonate. 
Ookium saUi are never absent fi;om plant 
tissyos, concentrating mainly in the leaves. 

weiunf also occurs in extra-terrestrial 
boiBes, in the fim. met|oritea, and many fixed 

Frapatatiim e] fde iiMial.-JCSalcinm was ob- 
tained «• on imjpure mel^w powdei by Davy in 
1906, by the pbetiolyin ol the chlonde, using 
merquiy os ntjUtlve eleotrodSe and oftefwaids 
hsnMttg the amalgatt thus formed intfl the 


CALC-SPAR. 

mercury was votatUised. It was obtained os a 
metallio solid by Matthiessen in 1866 (Chem. 
Soc. Trans. 8, 28), by electrolysing a fused mul- 
ture of calcium and strontium cluorides in the 
proportion of two molecnles to one with a little 
ammonium chloride, the whole being contained 
in a porcelain crucible. On passing the cnirent, 
beads of metallio calcium separated at the 
negative pole and were louleci but. Moisean 
(Ann. Chim. Phys. [71 18, 280) repeated the 
experiment, increasing we size of the apparatus, 
and obtained a me^ possessing a yellowish 
colour. 

Lies-Bodart and Gobin (Compt. rend. 47, 23) 
obtained calcium by beating the iodide with an 
eouivalent of sodium in an von crucible, the lid 
of which was screwed down. Moissan repeated 
the experiment several times, and states that the 
yield and purity vary greatly, the richest metal 
obtained containing from 83 p.c. to 93 p.c. 
calcium. The reaction proceeds best at a null 
red heat, and is reversible if afterwards the 
temperature is raised to whitoness. 

Frei obtained calcium in globules weighing 
2*4 to 4 crams by the electrolysis of the chloride. 

Another process consists in fusing 3 parts 
of calcium chloride with 4 parts of zinc and 
1 part of sodium, thus forming an alloy of zinc 
and calcium, which, when heated in a cas-corbon 
crucible, decoroposos, the zinc \olatuising and 
a button of fused calcium romainiag (Osron, 
Aiinalen, 116, 365). 

Moissan obtained the alloy with facility, but 
was unable to separate the calcium from it. 

Moissan (/.e.) points out that in all the above 
methods the difficulty is to free the colcinm from 
the metal with which it has become associated 
in the preparation. Ue, however, finally suc- 
ceeded 111 obtaining the pure metal by utilising 
the property, unknown before his researches, ot 
molten sodium to dissolve calcium. For the 
preparation, he adopted a modification of the 
method of Lies-Bodart and Gobin. In an iron 
crucible of about 1 litre capacity be placed a 
mixture of 600 grams of coarsely crushed anhy- 
drous calcium iodide, with 240 nams (rf sodium 
in pieces as large os nuts. 'Tne crucible was 
clom with a screw lid and maintained for 1 hour 
at a dull-red heat, then allowed to cool. The 
calcium, which is soluble in excess of sodium at a 
red heat, separates at the point of solidification 
and becomes practically insolubk. The metallic 
portion of the melt is' cut up into medium- 
sized fragments and gradually introduced into 
absolute alcohol. The sodium dissolves, leaving 
the calcium in brilliant white crystals, 98*0 p.c. 
to 90*2 p.c. pure. 

Ruff and Plato have succeeded in obtaining 
the metal in relatively large quantities by the 
electrolysis of fused calcium chloride by keeping 
the temperature of the cathode above tbo 
melting-point of calcium (U.S. Pat 806000). 
Borchers and Stookhem, by electrolysing fuseil 
anhydrous calcium salts, keeping the tempera- 
ture of the cathode below the melt^-point of 
eolcium, obtained the metal in a n>ongy state 
(U.S. I*at 808066). By using a vertical cathode, 
which only just touches ue surface of the 
fused coiciam salt, the metal is deposiUxi on 
this klfiooe, and hy meohooicahy taitbut tha 
cathode on inegula^ shaped rod of cojmiim, 
rssembUog a ^Mbblge stalk, is formed, whidi 
itedf Yanoa tSe mthode (£Dg.^Patk 20656 { qf. 
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JohaaoD, J. Ind Eng. Cheiu. lUiU, 2, 466). 
7 'Im eioctrolyte contwtixig of a fiiacKl mixture of 
10 parts of CaCtiWilb 17 parts of Ca];'^ la con* 
tamed m a cylindrical vcsaei of Acheaon graphite. 
The coutammg veaael forms the anode, whilst 
tiie cathode is an iron ribbon which can be 
run up from below. The beat deposits were 
obtamed with a (mrroiit density of 10 amperes 
|>er square clu, n the cathode current density 
IS too high the metal does not adhere, whilst if 
the anode density is ti»o low the eletrolyU^ is 
not all melted, and for control the 

anode and cathode surfaces should U* dcrmite 
for the conditions in use. Maldenhauer and 
Andersen (Zeitach. Klcktr«K'heni. 11), 144) used 
a mixture of 85 p.c. Curl, witii 15 p.o. KC'l 
and a current density of 00-110 aiupdix^s iht 
square cm. Hods 0-18 iniii. diamoU'r ueri' 
obtained, contauiing Ca 00*00-08*18, K 0*0 
0*14, Fo 0*3-0 4, Si 0*40-0*70. The current 
yield varied from 05 to over 00 p.c. 

(^mmorcial calcium is usually coated with 
CaCl|, which can be partly removed by absolute 
alcohol, and tho rcinuindcr by re lucKuig in an 
iron bomb. In this way a metal containing 
00*44 p.c. t'a and 0*25 aTjOj | SiOg is ubtaineil. 

Calcium is made l uiiiimucially at Jtitterfeld, 
tjicnnany. Tho world's production is about 
.M) tons a year, and the price in nurnial times is 
about 12 'I. tid. a pound. The metal melts at 
810**, and bos a ueiisity of 1*548. It may be 
turned into cylinders having a bn) ban I Itislic 
tamiahiiig in air. It nun Itc drawn into wiie 
of 0*5 mm. diameter. Its cIcLtrio conductivity 
IS 10, tliat of siUer being 100. 

Calcium is a white metal approaching ailver 
in colour. It can be cut wiUi a knife or orokeii 
with a blow, and tho fracture is crystalline. It 
scratches Iciid, but not calciU\ It is loss malle- 
able than sodium or potassium. 'I'ho crystals 
are of tabular habit and belong to the rhombo- 
liedral system. 

Gently heated in air, it bums with incandes- 
cence, or if heated in a current of air at a dull- red 
heat it leaves a sfiongy mass which decomposes 
water, producing ammonia and calcium hydrox- 
ide. Calcium, tnerefore, lixcs both nitrogen and 
oxygen. Calcium inflames when heated in 
oxygen to 300**, and tiic heat is so great that 
tho Time formed is both fused and partly volati- 
lised. Fluorine gas violently attacks calcium at 
the vrdmarv tgmxieratun*. Clilorine, bromine, 
and iodine w’e no odlioii until heated to 4U0** 
or above. Metallic calcium exists in both an 
active and an inactive form in its power of 
absorbixu gases. Active calcium commences 
to absorb nitrogen at 300**, and has a maximum 
action at 440”. As tho temperature increases 
the rate of combination slowly decreases, until . 
at 800” it has ceased. The velocity of absorption | 
is dependent on the procence of a layer of ; 
aitfiiM. The inactive form commences to < 
oombine with nitrogen at 800”. The difference 
is not due to the existence of aliotropes, but to 
the state of sub-divisioD. The active variety is 
pmaied oy slowly cooling molten calcium. 
Thfi variety produoei a blsok nitride (Zeitech. 
SiektsoolienL 23* Water is attacked at 
the ofdiaafy tempecMnie with the libeiation 
of hy dr ogen i the aetko ie slow, owixuf totthe 
fomatioii of a crust of celrinm l^droxide ; the 
eadhion of sugar bsstsns die a<*tlon. Foming 
Qitrie add atteoks It only slowly if fidh from 


I lime ; the action u hastened on dilutiui. 
' Fuming sulphuno add is immerUaiely reduocMl 
I in the cold to sulphur and ai|l|)hor dioxide. 
I Hydroohlorio and acetic acids aCtdcl^ calcium 
! violently, with the liberation of hyiirogen. At 
' a red heat, calcium leduoca thg fluorides and 
ehioridee ol potsssiun/ and sudiuiii, setting 
free the alkali metals ;v under the same condi- 
tions, the iodides are not attacked. 

Calcium, although soluble in molten taijiiiuy> 
from which it separateian the crystal line state 
on aolidilication of the aolvent, is not notably 
soluble in iHitassiuiii. The only ddiniU^ com- 
pound with mcrimi^ aupeara to be Callg^, 
m.p. 288” (decunip.). With magiicsiuin, it 
funushea an alloy whicli dei'ompg^s cold water. 
The freexing-iHunt curve has a aimpls form, the 
Mingle compound being indicated by a 

maximum at 715'', wiiil^ there are ouUK'Ik; 


liomts at 514*' anil 44d** and 18‘7^nd 78*7 p.c. 
of Ca rteiKH'tively. 'nie uoin|>ound ('a,!Vfg 4 w 
brittle, silvery in appearance, atablo in air, ^tul 
iM only slowly acted us bv water. Ixad and 
calcium react logethor viuluiitly in Ato^molten 
state ; tho frcezmg.poinW curve has maxima 
at 848** and 1 105”, correvpondinij; i^ith the com- 
pounds CaPl >4 and ("a|Fb restiectively. Another 
compound ('al*b is Jfornieil at 950”. All tho 
alloys fidl to a bhick powder in air. (*opj)or and 
calcium Torin a single oonqiound (!aCu., molting 
at 933”, unstable m air. Silver ancl calcium 
. form a complicatq^l HyMtcm of alloys fKeiUcli. 
I Anorg. Cheni. 70, 352. With sino and nickel 
it foriurt brittle alloys. Tin, heated Just above 
its point sof fusion, combmis with it with 
mcandcscciicc, forming a white orystailine alloy, 
containing 3*82 p.c. cal%um. 

I Calcium hydride, t^allg. Caloium does not 
I unite with hydrogen ot tho onlmary iompera- 
{ lures. To prepare it, the metarout intC) small 
pieces contained in several nickel boats.^is phvoed 
m a glass tube scaled at one end. Hydrogen is 
fed in at a pressure of 4 to 5 urns, monmry, tho 
tube binng tif$at«d to redness ; the teinirerature 
IS keiit suflicientiy low to urovout union ootwoeii 
the calcium and Iho nickM. So obtained, it is a 
fused whito solid ; sp.gr. 1*7. It may bo heated 
to redness in air witJiout change. lU obarae- 
U*ristie roaoUon is the rb'composition of water in 
tho cold with tho li Iteration of hydrogen, 
('alcium hydride shows u marked dissooiation 
from flOO*', reaching one atmosphere pressure 
below 800”. This cannot be a true dissociation 
pressure, as the hydride is readily formed by 
heating calcium in hydrogen at 830”. A second 
hydricie also exists 

Ca-fH-KlaH -f- 23, 100 cal . ; 

CaH+H->CaH.f 22,000 cal. 

(Zeitech. Klectrochsm. 20, 81). ISrflnsted calcu- 
lates tho heat of formaiioii of calcium Iwdride 
from solution ^ hydroohlorio ooid : for CaH from 
liquid calcium and hydrogen alfbut 21,000, and 
for CaH^* from CaH and hydrogen 21,000. 
GimU and Barrett found 46^200 caL from solid 
calcium (Zeitech. anorg. Chem. CH, 130/. A 
mixture of BaB 04 Md CaH* ignited by a fuse 
similar to that ured m*thermlte react vigorously 
ooeording to the equation : 

BaS04+CaH4^ BoS-f 4CaO+4M4 

(Bar. 46. 2264). / • . 

Oilidiin oxUM, lime. CoO. sAtihydiottf 
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jrlcium oxide (quicklime) la obtained by heatmg 
to rediicNH any 8.ilt of calcium containing a 
rolatilo acid, an iliu carbonate and nitrate. 
Jalcium ciirbonate, when heated in a cloned 
/easel, may bo fused without decomnosition, but 
ivhon rais^ to a red heat unoer ordmary 
pressure it gives off '.sflton dioxide, and 
becomes converted into Is*!!* ^ --CaO-fCO, 

To obtain pure lime, Iceland »]jar or other 
'oriiifi of calcite, or the finest marble, may bo 
fni ployed, the ignitiop being ^lerformed in a 
jnicible with perforate base so as to permit of 
dio entrance of furnace gases, which carry away 
die carbon dioxide as fast as it is formed ; other 
■vise the decomposition is incomplete, the car- 
bonate undergoing no change in an atmosohere 
jf carbon slioxfdo. 

Lime IS made by hnatiiig f*ai< iiiin • .irhonaie 
o a tomperatum lugh enough to diivo off the 
'arbonio ucid. Thcr tension of dissociation of 
Ja(XJg is 27 mm. at t>47* and 733 mm. at 
; in practice, the temperature for burning 
ime is about 1000°. The raw material may be 
iearly«pfro calcium carbonate such os marble 
>r chalk, or may co* .nn ho much clayey matter 
diat the product is a ( • tin ttt of the Portland class 
'ather than a lime. On this fact choice of the 
node of burning in part depends, because if the 
imo is noodod to be jmre iv mui*t be burnt out of 
'.oiituct with solid fuel, whereas if it is a cement 
'ather than a iiinr, the addition of silicious 
nutter from the ash ot the fuel may be actually 
III Md\,Liit.iiM' 'I'ho cliief uses of lime are 
Of I III ill III III agriculture and for cheinicai 
iianuiaUuic I ir the first purjiose an impure 
iinostone, burnt m < ontact with solid fuel, is 
o be preferred, wiieiiMs the purest obtainable 
Iinostone, heated out of contact with fuel, 
I'lelds the best material for cbeinical use. In 
iract^'c the^it'.iiim lolfM iii«> not alwavs observed, 
)aijt>iy fioiii •< n \alidity 

ind pairi;y « < oiumucal 

Xi sactilico III' piiiitv (II me product rather 
han ineur the t'xpeiiHo in capital and fuel of 
%ilns doHiiiniMl to burn liinestono out of contact 
Mih Molid lui !, lint (I ' knowledge of these is of 
dill' III •(•< idlin' on tin i\pe of kiln to be 

idopU d LU ail^ glVill t.l. V 



Pm. ». ‘ 

Tha siiii|>leat torm kiln is the flaie kiln, 
ihu\ui iQ Tig. The fuel fwood or peat) is 


burnt under an ^ of (he material to be 

calcined, thus t 'luced is uucontami- 

nated with ash a device is, of course, 

not economical of iwt 1, but its simplicity and 
cheapness, and the fact that it can produce 
excellent lime, cause it to be still used to a con- 
siderable extent. 

Another simple form is tlic common ruauiiig 
kiln shown in Fig. 2. The limestone or chalk 
is loaded into the kOn with alternate layers 
of small coal or coke, and the product is from 
time to time drawn from an eye at the bottom 



the fuel. 

A more elaborate form of running kiln is the 
Copenhagen kiln, shown in Fig. 3. It is of 
the continuous-shaft typi, the fuel and limestone 
being fed in at the top and the lime withdrawn 
at the bottom, but in addition a definite burning 
Kone is established by feeding a portion of the 
fuel In at the side openings giving into the 
central part of the kiln. The heat can thus bo 
controlled better than when ull the fuel is dis- 
tributed through the whole of the charge, with 
the result that consumption of fuel is decreased. 

Another shaft kiin is the Ryan kiln, used in 
the Buxton disliict. Its construction is shown 
in Fig. 4. The fuel is fed in at the sides and 
the iSnostone at the top, so that the a.sh of the 
former is less inextricably mixed witn the burnt 
lime. In consequence and because of the hard- 
ness and dense structure of Buxton limestone, a 
large part of the output is in lump practically 
uncoataminated with ash. so that the product 
can be picked and the lump uf lime of high 


(WiriTM. 


parity sold for chv iiicai use, such m the uieuu 
lacture of bleao^in;: powder. { 

Lime can he burnt in a rotatory kiln, similar 
to those uaed for cement but worked at a lower 
temperature, but few such kilns are in use, the 
probable reason bciiiff that only small lime 
would bir produced, and for many uses lump hino 
is preferred. 

The Hofhnani^kiln (Fipr. 51 Is used in places 
where labour is sufficiently cheap to allow of 
loadinf^ and unloading by hand being performed 


an intermediate type ia the Rumford kiln, Nh<> 
in Fig 0. ^ 
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Fto. 3. — OopiKHAOBN Kn«ir. 


at a low cost, it ha»» the i'!\ f.f i " »>( hoing 
econoiMicai of^ furl Tin* burMin’ • liainl^r 
consists of an endless Tiinn<’l, div id< d into com- 
partments of ap])roxinmt4d> < by means 

"f M»ml)iiHtjl)Ie datn]>(irh I h ■ liamber is' 
an oriening in t'>< 
and uischargin;:. 


The fuel is burnt on the hearth of a ftirnnee 
beneath n* * 

bridff^ up 

through whion 
the gaseous 
produnto of i 
combustion 
pass to .the 
shaft of i|.« 
kiln and t i.'.f. m 

which dcHieiulB • 

the burnt lime to openings at th(> Md< u )« n ii, 
can be drawn. * ^ 

A gas-firod kiln proper is the SiJimaUilla 
kiln, shown in Fig. 7. (Jum, from a producer 
at the side of the kiln, flows through ports in the 
walls of the kiln shuff, aiul thero hurns with a 
s»io?iK of seeon- 
d 'led 

throne'll tin- liot , Jk 

lime which has I m 

doKcendf’d below ' I fW’ll 

the Je\ • I " tS I P 


Ill nil MIJi < 

fu<'l i»f hrr< 

•MUierting With 

tie 


ionl • ful i- 

III) r>>ihi> • 


Im 1' I'l flu 

I'-'hi^d roof 

Till kiii. 


i-t 

herne, 

fuel la'ing 

Miei 1 

IP' 

iids'^r, and air ia-ing allowed 

ash tl 

t.; , . 

1 ( orni 

ih-te thi « .d' iii.'ition 

al |e f 

while tl 
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Passing from those kiln 

except the llAre kiln, whuh allow at Ji.isl hoin* m 'I i>vi ‘ fill iiijc 
roll tart of tne ash of the fuel with the#imia to I material closely 
gM fired kilns in which ooptact is wholly avoided, | The following an i 
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Inioluble residue . 
Combined silica . 

Alumina (ALO.) . 
Fmic oxide (FttO.) 
lilme (CaO) . T 
MaKricMia (MkO) 
i^illihi'ricaiiitydrlde 
lTu»-binilc anhydride (CO.) 
Water (H.O) . . 

Alkalies atid lots 


Ab nv'ptiotfed above, the purent kinch are 
nfcdid for chemical manufacture, and the lest 




ill 

o-a 

o-S 

>18-20 

0-62 

i 10-84 

22-10 

1-64 

182 

61-10 

66-72 

1-04 

1-17 

0-21 

0-40 

8-00 

0-64 

{u-« 

>6-86 

1l-08 

10«I <i() 

100 00 



pure varieticM \\lti( li piuiukch tho nature of 
cement, ure gciicrnll^ pirft niide for building. 
In the caae of limes containing so much 
bilica as dues Chaux do Tcil and so much 
Hilu'a and alumina as iloea illue Lias lime, 
ih(‘y in MV 1)0 regarded as hydraulic cementa 
rather timn limes proper. A rough trade 
(lust im (ton exbta between ‘fat* anJ ‘poor* 
lime. I'ho former is fairly pure and sJakea 
lapidly and with a high rise of temperature; 
tlie latter, containing some combined silica 
and .1 hi mina, slakes slou ly and relatively feebly. 
Moth, whort) mixed with f-nml furm mortars, 
but fat lime sets onl\ ' and sub- 
sequent absorption of acid from 

the air, whereas tho siiaious cim^^tituents in 
poor lime will themselves set, U some small 
extent, in tho manner of a cement. Pure lime, 
mixed with pure ouartz sand, has no appreoiable 
action on it at the ordinary temperature, but 
mnv not in slight degree on the more attackable 
' iIkmoiis concomitants of common building sand ; 
m any cmc, however, the^action is trifling, and* 
tho setting of cqininon nyirtar is practically 
unafF(M.qed by any such ocr .xence. In building, 
therefore, where an hydraulic cement is out 


jnec'essary, a moderately silipious lime, which 
will set lightly per se, is preferable to the fat 
lime commonly employed In this country, 
lime is almost always slaked on the spot and at 
the time where it is to be used. Al)road, the 
lime is usually slakefl long before it is used, and 
18 thus allowed to become completely hydrated. 
The easiest plan is to make a paste of lime and 
water (lime putty), and kecpJt in a pit until it 
is needed. In like manner, slightly hydraulic 
lime is slaked with a limited quantity of water 
and allowed to remain in silos nntu the lime 
itself 18 completely hydrated, whilst the cementi- 
tious silicates remain unaffected and ready to 
act as cement when the lime is put to use. 

When a dolomitic limestone is burnt, it 
yields a lime of which the following is an 
example: — Per cpni 

' Insoluble silicious matter . . 2*04 

Alumina -f ferric oxide (A1.0|-fFes0,) . 1-90 

Lime (C!aO) 46-72 

I Magnesia (MgO) . . . . 32 60 

Sulphuric anhydride (SO,) . . . 0’9‘2 

Carbonic anhydride (CO|) . . . 3*27 

Combined water and loss . .11-66 

100-00 

Lime of this kind needs much care in slaking, 

I as the hydration of the magnesia takes i)lace 
slow ly and may occur after the mortar is in place, 

' and by expansion cause destruction of the vNork. 

Although lime will not act on sand at the 
ordinary temperature, yet, like other alkaline 
bodies it attacks it readUy at a moderate 
temperature. The manufacture of sand lime 
bricks is dependent on this fact. Th( in. k^of 
sand, mixed with 6-10 p.c. of lim* ju'-t hard 
enough to stick together, arc exposed to steam 
at about 150** ; at that temperature the lime acts 
' on tho sand, producing calcium silicates, which 
are cementitious, and suffice to cement the sand 
, grains together into a brick of ample strength for 
j ordinary building purposes. 1 o places where sand 
I is abundant and clay suitable for brick making 
' is scarce, the process is of considerable use. 

Pure calcium oxide forms white porous 
amorphous masses of sp.gr. 2-3 to 3-08, bighly 
infusible, melting only in the highest tempera- 
ture of the oxyhydrogen blowpipe flame or in the 
electric arc. In the ordinary oxyhydrogen flame 
I it emits an intenst' light, which is much used for 
lantern projection. 

Calcium oxide has beeri obtabied by Briigel- 
mann in minute cubic crystals of w.gr. 3-261 
bv beating the nitrate in a porcelain flask (Pogg. 

. Ann. [2] 2. 466 ; and [2J 4, 277). 

A crystalline mass, found upon the lining of 
a continuous limekiln at Cbampigny after 28 
months* continuous work, was also shown to con- 
sist of small cubical crystals Of pure lime, of sp.gr. 
3 32(LevalloLsand Mcunier,Compt.reDd.90, 1666). 

There is oidcnce of the existence of two 
forms of calcium oxide. Tho oxide obtained 
l\\ iieatmg calcite at a low red heat is fine 
grained and poroiH Wlicn heated at hii'lK-r 
temperatures the n fr.i- fuc indt-v iiurmscs and 
cubic orystallmo ('alcnun oxide la formed for 
which ND=:r83. The melting-point of CaO as 
determined by the Holbom Kurlbaiirn optical 
pyrometer is -J'lTo"* M. Washingto* ■ 

133, .115;. 

Amorphous hmc takes up wui*. tq- 
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mariuible ATidity, forming eokiam hjdroxido 
C«(OH)g, UiQ comoination being accompanied 
by a oontractic*! in ▼olume and evolution of 
hvaU Owing to this property, it is used exten- 
sively in the laboratory and works as a dn*ing 
agent. On exposure to air, the amorphous 
variety of lime rapullv absorbs water and carbon 
dioxiefe ; anhydrous ume, however, onlv absorbs 
the gas whei^ lieatpd to near 415**. Com|)ara- ^ 
tive tests show that carbon dioxide penetrates 
to a depth of about 3 inches in 20 days. More 
water is taken up in summer than in winter, 
but the carbon dioxide absorption is about the 
same (Whetzel, J. Ind. Kng. Chein. 1017, 7. 
287) Lime is readily soluble in dilute mineral 
ackls. It also reacts with ethyl alcohol when 
heated in a soaloil tul>e to 115* to 125^, giving a 
mixture of hydrate and ethylate of calcium. 

Caleinm hydroxide, or Hydrate ot lime, 
Ca(OH)|, is obtained by slaking fresh well- 
burnt quicklime with about a third of its weight 
of water. It forms a white amorphous powder of 
8p.^r. 2*078, sparingly soluble in water, and less 
so in hot than in cold water, as seen from the 
following table (Mabcn, Pbarni. J. [3] 14. 50.’)) : — 



Parts (A water 


Parts of water 

Tempera- 

required to 

Tempera- 

required to 

ture 

dltiulve one 
part CaO 

ture 

dissolve one 
part OaO 

0* 

759 

65° 

1104 

6* 

7fi4 

(K»° 

1136 

10“ 

770 

6.5° 

1208 

15° 

779 

70° 

1236 

20° j 

791 

75° 

1313 

25° ! 

831 

H0° 

1362 

30° 

862 

h:.° 

1388 

35* 

909 

90° 

1579 

40° 

932 

95° 

1650 

45° 

985 

99° 

1650 

60* 

1019 




According to JAmy (Compt. rend. 80, 333), 
the solubility vanes slightly with the method of 
preparation of the hydroxide. 

The solution known as lime water has an 
alkaline reaction, and absorbs the carbon dioxide 
of the atmosphere, forming a pellicle of calcium 
carbonate. Lime water of definite strength for 
pharmaceutical purport la I’^^at prei)ar<xl by 
using freshly ignited lime. In preparing lime 
water from ordinary lime, the first solutions 
should invariably bo rejected, as they will contain 
nearly all the soluble mis of the alkalis and the 
baryta and strontia present in the lime as im- 
purities. klilk of lime is an emulsion of calcium 
hydroxide suspended in loss water than is required 
for its complete solution. Calcium hydroxide is 
much more soluble im solution of sugar than in 
pure water, due to the formation of soluble 
asoebatatee (for solubilities, v. Weisbeig, Bull. 
Boo. ohim. 21, 773). 

Chlcium hydroxide is precipitated by oaustio 
potash or aodtk from strong solutions of the 
chloride; if a saturated solution of oslcium 
chloride be employed, the whole becomes solkL 

A solntkm evaporated over sulphuric aoid in 
a vaonum dqmsiU hexagonal prisnis, according 
to day-Lumac. Ckystels, however, which had 
sepanM on Uie surface sam|def of hyirauUo 
cement were found by Ql^pka to beloiig to the 


rhombic system in spite of their hexsgntia|l 
appearance. A deposit of grey lamelhe, ctni- 
slating of calcium hydroxide, found by 
Luodcoke in a Caird ice machine. .Selivanov 
(J. Russ. Phys. C>hem. Boc. 45, 252) finds tliat 
suiiersaturaUHl solutions of hydrated calcium 
oxide contain 0*2G0 to 0Afi4 graon OaO per UH) 
c.e. These saturatocl smutions are extremely 
sensitive to heat The%ionohydrato (^OIl), 
may be obtained in hexagonal plates by heating 
the solution. The cryohydrate gives on sdlidie 
fication transparent loo, bfit the solution formed 
when the ioe melts deposits the acsqiii- hydrate 
2Ca( OH )r 1 ^ ^ elongated hexagonal or rliombio 
plates. The compound is very unstable. 

Calcium hydroxide is an energetic base com- 
bining with acids to form salts wid ^vplaoiiig 
ammonia from its compounda 

At a red heat, calcium hydroxide is decom- 
posed, water being drivengoff and oxide re- 
; maining. e * 

j Slaked lime is used extensively in the pre- 
, paratidn of mortars and cements (v. Ckmbnv). 
! hir softening hard waters, in the preparation of 
lyes and defecation of sngar^and for agnchlturai 
I purposes. It* has been noftd that us regal ds 
tiie application of lime to the soil, aniy a small 
I proportion n»at>pears as carbonate, the n^riiainder 
I iMung adsorls'u by thcyioil const it iieiiiii. 

I Calcium dloxlte CaOg was first prcuariHl by 
! Thcnard by the action of excess of hydrogen 
{ }N)roxide tinon lime-water, when microscopic 
quadratic plates of the coinpoHiiioii CaOg,KH|0, 
sparingly soluble in water and insoluble in 
alcohol, were prccii>itated. Accenting to tbnroy 
(Chem. Socf Trans. 1K7.*1, 810), the ijoroxide is 
most conveniently prtqiared by atiding lime- 
water in considerable skcoss to an aqueous 
solution of sodium i)on)xide acidulated with 
iiitno acid, it is also obtaiiie/^ as a finely 
ilivided white pnM*ii>itato on adding a iicul al or 
alkaline solution of sodium {leroxide tr)a sedu- 
tion of a calt iiim salt. The crystals are iso- 
niorfihous with those of hydrated barium {ler- 
oxidc. On exposure to air they efHoresco, and 
when heated to 130° are converted into the 
anhydrous pt*roxide. On increasing the heat, 
half tlio oxygen is driven off, leaving a residue 
of pure lime. CaO| in the anhydrous form 
(Riosenfcid and Nottebohrn, Zeitsoh. anorg. 
Chem. HO, 40r)) separaU'S from very oonoentratM 
solutions near 0°, and above 40° even from very 
dilute solutions. The ootahydrate is obtained 
from very dilute solutions at the onlinary 
' temperature. The octahydrate is dehydrated 
at 100° There is no apprecjable decomposition 
I below 200°. Up to 273^ decomposition is slow, 
I but then becomes very rapid. Finely divided 
I CaO. decomposes explosively wheli heated 
j rapidly to 275°. The dissociation pressure at 
1 255* is more than 100 atmospheres. 

Calelum eUorldt OaUl, is found in the 
water of nearl;; all springs and rivers, and is 
consequently a constituent of tIA saline matter 
dissolved ip sea-water. This salt slao forms the 
chief saline oonititnent of an exudation oo- 
ourring on the faoe of the okl red sandstone 


oocurs, toflether svith 
alkaline chlorides in tl 


sther erith ^agnesinm chloride and 
lorides in the taehydriU and camaUiU 
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of the Stassfttrt deposiu, tachydriU containing 
21 p.e. C^dg and 3o p.a MffC3g» while eamaUite 
contains 3 p.c. CaClg, and 31 p.c. McClg. 

CalciuTi) cMoride xnav bo obtained by passing 
chlorine over the red-hot oxide, or bjr dis^lvine 
lime, oludk, or marble in hydroohlorio aoid and 
evaluating. 'If it is lecessarv to obtain the 
salt pare, chlorine water may be added to the 
eolation in hydrochloric aoid in order to oxidise 
any iron pr^nt, which may then be precipitated 
by the addition of milk of lime, and filtered off. 
Ine riightly alkaline' filtrate is then acidified 
with hydroohlorio acid and evaporated to the 
orystalfieing point. 

Caloiam chloride is obtained in larse quan- 
tities as a by-product in many manulacturing 
processes, •noU^Llv in the preparation of i>otaH. 
eiam chlorate and in the manufacture of sodium 
carbonate by the ammonia-soda process ; it may 
be obtained in the ^ure state from these crude 
products by (he method just indicated. Many 
attempts have been made to utilise this waste 
caljium ohlorido. Richardson (B. P. 10418) 
treats t]w purified crude solution with am- 
monium sulphate in the proportion required to 
convert all the ohlorido into sulphate; the 
calcium sulpnate could then be filtered off, and 
ammonium chloride recovered by crystallisation. 
Polouze (Compt. rend. 62, 1267) was the first to 
point out that calcium chloride mixed ./ith sand 
to prevent fusion is almost completely decora - 
)x>8od when heated to redness and treated with 
steam, the chlorine being evolved as hydro- 
ohlorio aoid. The process was {mtented by 
Solvay, and the method applied to the waste 
calcium chloride liquors, out the condensed 
hydroohlorio aoid obtained is dilute and does not 
pay for the coal oonsumed in the operation. 
Lunge considers that so long os hydroohlorio aoid 
IS so cheap, n« possible method can be found to 
utilise the chlorine in the waste liquors at a profit. 

Saturated solutions of calcium chloriae de 
]>oait the hydrated salt in large hexagonal prisms 
terminated by pyramids, of the composition 
(^aClg.OHgO. The 'crystals melt at 29* in 
their water of o^stallisation and deliquesce 
rapidly in the air, forming a viscous fluid, 
formerly termed oleum calcia. Heated below 
200*, or in a vacuum over sulphuric aoid, the 
oiystals lose four molecules of water. The re- 
maining two molecules can only bo expelled 
above 200*. According to Weber (Her. 16, 
2316), the salt dried at 180*-200* is practically 
anhydrous, containing only 0*2 p.c. of water. 
Besides the two hydrates above described, 
Lesoceur (Compt., rend. 02, 1158), from deter- 
minations of maximum tensions of solutions, 
shows the probable existence of two others 
CaC]g,4HgU and CaClg.HgO. The tetrahydrate, 
however, can only exist below 129*. Milikan 
(Zeitsoh. physikal. Chem. 92, 496) has examined 
the equuibrium conditions in the qrstem 
GaClg—HCl— HgO. The solution containing 
44*6 p.o. CaClg and 3*3 p.c, HCl is in equilibrium 
with tlie solid phases CaClg,6HgOandCrClg,4HgO 
and the solution containing 28*48 p.o. GaClg 
and 21*40 p.o. HCl with the solid phases GaCIg, 
4HgO and Caag.2HgO. 

Anhydrous calcium chloride 'S a white porous i 
mass, which fustu at a roi* heat or, accortung to 
TiO Chatelier (Bull. S 004 iiim. 47, 300), at 756*. 
On oooling, tie salt solidifies to a tnunsiuc«it 


mass of crystals of ra.gr. 2*205. A slight de- 
compositioB into oxide and carbonate occurs 
when the fusion is performed la air. On this 
account, the porous chloride obtained by diyilig 
the crystals at 260* is better adapted for deaic- 
cating purposes, eqiecially for the absolution of 
water in organic analysis# McPherson ( \ Amer. 
Chem. Soo. 1917, 39, 1317) has shown that 
granular calcium chloride w'-en absolutely diy 
will remove every trace of moisture from a gas 
passed over a sufficiently long column of it. 
If the fused mass is exposed to the sun's rays, 
it becomes phosphorescent in the rlark, .*nd wa.s 
formerly called Homberg's phoepkorus, after the 
discoverer of the foot in 1693. 

Anhydrous calcium chloride is highly de- 
liquescent. 160 parts of the powder exposed to 
an atmosphere saturated with aqueous vapour 
absorb 124 parts of water in 96 days. Accord- 
‘ ing to Kremers (Pogg. Ann. 103, 67 ; 104, 133 ; 
J. 1868, 40), the following quantities of water 
are required to dissolve one part by weight of 
the anhydrous salt : — 

At 10-2* 20* 40* 60* 

, 1*68 1-36 0-83 0-72 

In the following table, drawn up by the same 
author, are shown the Sjpi^cifio gravities of solu* 
tions of varying strengths : — 

Quantities In Sp-sr. of solutions at 
100 parts water 19 5 ^ (water at 19 S^sl) 

6-97 1 0646 

12*58 1 0054 

23-33 M681 

36-33 1-2469 

60-67 1-3234 

02 90 1-3806 

According to Engel (Bull. Soo. chim. 47, 318), 
100 parts of water at 0* dissolve 60-3 parts CaCl^, 
forming a solution of sp.gr. 1-367. 

A solution of 60 parts anhydrous CaCl| in 
100 parts water, boils at 112*, one containing 
200 p. 0 . boils at 168*, and a 326 p.o. solution 
boils at 180*. 

According to r.iefobvre (Compt. rend. 70, 684) 
a supersaturated solution of calcium chloride is 
formed by dissolving 360-400 grams of the orys* 
tallisod salt in 60 c.o. warm water or 200 grams 
of the anhydrous salt in 260 o.c. water ; it may be 
shaken after cooling without crystallisation, but 
solidifies on contact with a crystal of the salt. If 
cooled to 5-8*, this solution l>egins to crystallise, 
the temperature rising to 28*-29*. A solution 
containing 66 p.o. CaCli^ deposits at about 16* 
lar^ plates of the tetrahydrate CaC!!l,,4H,0, 
whioh do not induce the crystallisation of the 
■upematant liquor. This solution, in passing 
from liquid to solid state, undergoes at 70* a 
contraction 0-0832 of its volume. 

The crystallised chloride GaCls,6H.O also 
deliquesces rapidly, and dissolves in naif its 
weight of water at 0*, in one-fourth its weight 
at 16*, and in all proportions of hot water. In 
dissolving it absorbs neat, while the anhydrous 
chloride dissolves with evolution of heat. A 
mixture of 1-44 parts oiystallised oUoride with 
1 part of snow produces a cold of —64-9*, more 
than Bufiioient to freeze mercury. 

Both the anhydrous and hydrated chloride 
dissolve readily in alcohol, 10 parts at 80* dis- 
solving 6 parts anhydrous Gadt ; on evaporarion 
in a vacuum at winter temperature, rectangular 
plates of 2CaC3c,7C|H are deposited. 
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Anhydrous osliiuin ohlorido absorbs am- 
monia ffas, fon^ing the compound Ca0lj,8NH, 
os a white powder, which, on exposure to air, 
solution in water, or on heating, is decomposed. 
Thrown into chlorine gas, the compound takes 
lire. Calcium and barium chlorides form the 
double diilt CaCL.BaCl, (ra.p. 031*^), but no 
mixed crystals. Caluium and strontium chlor- 
ides form a dbntiifhous series of mixed crystals 
with a minimum melting-point at 668* and 
00 mol. p.o. OaC). (.lalir. Alin. 16). 

Calcium oxychloride. When calcium chlor- 
ide solution is boiled with slaked lime, and the 
liquid filtered, white needle-shaped crystals 
of calcium oxychloride separato out on cooling 
of the composition ClCa*0 *00(011), 7H|0 or 
3000*00012, 15HtO (Grimshaw, Ohom. News, 30, 
280). The salt is stable out of contact with air, 
loses part of its water of orystalhsation over 
sulphurio acid or caustic lime, and absorbs 
oaroon dioxide from the atmosphere. It is 
decomposed by water or alcohol. 

According to Andre (Compt. rend. 02, 
1452), the composition of the salt is 
Oaa,*3CaO,16H,0 

and, on drying in a vacuum, it becomes converted 
into CaCl2*3Ca0,3H20. 

When calcium chloride is fuseil at a bright- 
rod heat in a current of moist iiir, it is gra(luAlly 
converted to an oxychloride of the coui^iosition 
('aCl,*CaO, and eventually to oxide (Gorgou, 
Compt. rend. 00, 256). 

Calcium hypochlorite v. Blsacbikq towder. 

Calcium chlorate Ca(C10,)| is produced when 
chlorine is pa8se<l into hot milk of lime, but 
is difficult to separate from the chloride simul- 
taneously formed. U'his is the first step in the 
manufacture of potassium chlorate, and the re- 
action is 8uppos<^ to be as follows : — 
eCa(OH),H-OClj=Ca(C10,)|-f5CaCl,-f6H,0. 

According to Lungo ( J. Soo. Chom. Ind. 1885, 
722), the reaction really takes in several 
stages, calcium hypochlorite and hypochlorous 
acid being first formed and mutually reacting 
with production of calcium chlorate : 

(1) Ca(0CI)•■^4C1^2F,0=CaCl,+4^C10. 

(2) 2Ca(0Cl)|+4UClU=CaCI,+Ca(C10,)t>4Cl'4’2Hs0. 

The free chlorine serves only as carrier of 

the oxygen of two molecules calcium hypochlor- 
ite to a third molecule of the hypochlorite which 
is oxidised to chlorate. Lunge's exjierimcnts 
show that the b^st mode of converting hypo- 
chlorite into chlorate is to raise the teini>erature 
of the solution, slight excess chlorine being at 
the same time present The heat producea by 
the reaction on the large scale is sufficient 

Caloium ohlorate can best be prerared bv the 
electrolysis of a 10 p.o.,8olution of calcium cnlor- 
ide. The density of the cunrent should be 10 
amperes per square decimeter at the anode and 
double at the cathode ; temperature 50* (Zeitsch 
Elektrochem. 4, 404). 

It may also be prepared by precipi- 
tating potassium chlorate with calcium sUico- 
flnoride. It*cryBtallisea in deliquescent rhom- 
boidal plates, very soluble in water and alcohol ; 
the crystals contain 16*5 p.o. water, melt 
when warmed, and decompose on further 
heat^. s 

Caleiiim perehiorato Ca(CI 04 ). may be ob- 
taiittd\>y saturating perohlOrki acid with caustic 
VoL. L— ir. 


lime. It is extremely deliquescent and orystalA 
lises in prisms soluble in alcohol, t 

Calelum bromide OaBr^ (m.p. ';;po*j is fomed 
by burning calcium in bromine va|mus, or by 
dissolving lime or calcium carbonate in hydio- 
bromio acid and ovu>oratin(|^ The silky 
needles thus obtained am hydrated, but may 
be converted to the anli^drous salt by hoatins. 
(yaleium bromido much resembles the chloride 
in properties, being deliquescent, and ver^ 
soluble in alcohol. Najlr and ('aBrg solidify 
to form two series of solid solutions with a 
oiitcctio point at 513*, and on further cooling a 
reaction takes place at 40U*, a compound 
NaBr,2GaHrg bein^ formed. KBr forms a 
single compound KBrCaBrg. rtqi^scntcd by a 
maximum on the freezing-point ourvd &t 637®. 
There are (uitcctio points at 544® and r><13* 
ies|>cctivel 3 * (Zeitsch. aiiorg.^Ghoni. 96, 137). 

Calcium Iodide Car^^miy also d>e prepared 
by combustion of calcium m iodine vapour, or 
by solution of liino or the carbonate in hydriu^o 
acid, evaporating and fusing the reside in a 
closed voBsed. Heated in contact witiO air, it 
fuses Udow a rod heat, and%* decomposed with 
liberation of iotlino vapours and forimWion of time. 

liiohig (Annalon, 121, 222) recommends de- 
composition of Cal I by KgSO^ for preparation of 
ludiuo of potassiism. ^o prepare the calcium 
iodide, 1 elk. of amorphous phosphorus is drenched 
with 30 oz. hot water, and finely pulverised iodine 
gradually added w\fl^con8tant stirring os king os 
it dissolves without colour (quantity thus dis- 
solved IxMiig ]3|[ oz,). The colourless liquid is 
then decanted from the slight d^iosit, and mode 
slightly alkaline with milk of lime (8 oz. lime 
being required) ; the qj^Iution is afterwards 
strained, and residue of phosphate, phosphite, 
and hydrate of calcium washed. The solution 
then contains the calcium iodide, which m*^, if 
necessary, lie obtained by evaporation in the 
form of hydrate in deliquescent needles.* 

A double iodide of calcium and silver of the 
composition Ca[g'2Agr,6HgO has been prepared 
by bimpson (Proc. Koy, Soc. 27, 120) by saturat- 
ing a hot concontratod solut'on of Oafg with moist 
silver iodide. It crystallises on cooling in long 
white needles, decomposed by water. The basic 
salts formed by tlio alkaline earth metal haloids 
have boon studiod by the equilibrium relations 
in the ternary system between the haloids, the 
corresponding hydroxides and water. The basic 
salt Calg 3(JaU.10H^O is stable at 25* in contact 
with solutions containing 28*44 p.c. to 66*08 p.c. 
Cal. (Zeitsch. physikal. Chom. 1017, 02, 50). 

Caielom lodate Ca(10,), is dbtained by crys- 
tallising mixed solutions of potassium iodato 
and calcium chloride. The hydrated Jalt forms 
foiir-sidod prisms which effloresce in the air, and 
become anhydrous when heated to 200*. From 
a solution acidulated with nitric acid, it separates 
in trimetrio cryatals. The crystals are soluble 
in 454 parts wAcr at 18*, and la 102 parts of 
boiling wat^h*, but are insoluble in alcohol. The 
anhyt&ous* salt, gently heated in a porcelain 
retort, evolves I4’78 p.o. of oxygen, a'',a 54^V of 
iodine, leaving 31*14 p.o. of a residue rich in 
pentabasio periodate of Hlcium. Heated more 
strongly, U evolvel moi^ oxygen |tnd iodine, and 
leaves 1^*35 p.c. cd a n. •ture of pentabasic per- 
iodate and free lime. Calcium iodato detonates 
violently when hec^d on charcor*. 

^9 
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Sonstadt propoMs (Kng. Pat. 6304, 1884) to cold water liberatea variori gaaea. Winklef 
**** j iaiatc aa an antiseptic. indicated the reduction of the alkaline eaitha by 

c»Wu». When the sodium magnesium (Ber. 22, 120). Ma 4 uonne, in 1802, 
salt Nivi 4 * 10 | is decomposed by calcium ni- prepared calcium carbide aa an impure amor- 
trate, a crystalline white precipitate of dicalcium phous black powder, and Travers obtained it by 
periodate or 2 Ca 0 . 3 Hg 0 .I ,07 is ob* heating together calcium chloride, sodium, and 

tamed. When this is hcat<m, water, carbon. It was not, however, until tt 3 advent 

oxygen, and iodine aeo given of! and penta- of the electric furnace that it ^came possible to 
calcium periodate Ca.IjO,, remains (I^nglois). manufacture a pure carbiclj suitable for the 
, Oaldiun fluoride CaF, is found widely dis- preparation of acetylene. Aloissan (Compt. 
tnbuted in nature andLij known Mjluor-sp'ir. It rend. 138, 243) used a mixture of lime 120 grams, 
IS the only common mineral in which fluorine sugar carbon 70 grams, which was heated in the 
forms one of the principal constituenU. It crucible of an electric furnace for 2v minutes 
occurs both masstvo and in lioautiful crystals, with a current of 350 amperes and 70 volts, 
generally cubes or frirnis in combination with At the temperature of liquefaction of the lime, 
the cutH). is a common vein mineral, occur- this reaction occura: CaO+3(;*=CaC*+CO. 
ring usTifllly in association with metallic ores, Pure calcium carbide is cryhtaliinc, colourless, 
barytes, cnlcite, Ac. It presents a variety of ami transpannt, but the commercial variety, 
colours, sometimoa^hading inU» one another as discoloured by iron, is usually brownish-red. 
in the beaiatiful ‘ Hiue John ’ of Derbyshire. Its charactcriHtie reaction is the diTomposi- 
All the coloured B[H*( i mens lose their colour on tioi of water in the cold, with the liberation of 
h^^tirig, green afiecimens Ijcing the most ditlioult acitylcno and the formation of calcium hydr- 
to deco|ourtNo comnljtely. TliiTmo-luiiuncs- oxicfc (v. Acetylene). 

cenco<i.*> very iimrkca in all naturally cohuiri'd Ono of the most luterusting developments of 
crystals, a violet* tight being enutted in most the ninnufacturo is the production of * nitrolin,' 
cases, with, 'decrepitation Free fluorine has calcium cyaiinmidc Ca((l\) 4 , from calcium car- 
been sho^ to exist in a dark violet fluor spar bide for manurial purposes. 'J’he nitrogen rc- 
from (juinci^, Dept, du Fth5no. fVystalliaed quired is obtained from the nir by the Linde 
colourless fluor spar can bo o*»lourcd deep blue Company's plant, which produces botli nitrogen 
by the $• and y-rays of radium, and tuen shows and oxygen. The muon of powdered calcium 
on gentle warming a ticautifui green thermo- and nitrogen takes place with the evolution of 
luininftscencv which fatles niul changes into the heat, hence the temperature has to lie maintained 
pale violet light characteristic of all fluor spars. hctwt*cn 800®-I00(r, as at higher temyieratures 
Dobierno found that certain dark violet fluor the calcium cyanamido decomjioscs. The ab- 
stMrt smell of ozone. When heat w I they hwe sorption occupies 30 to -10 hours, and the product 
their colour and thormo-lumincsecnce and also is a cokelikc material which U grouml to powder 
yield helium in vangblo but small quantity, before b<*ing idaceil on the market (i*. Xitrooen, 
On exposure to radium rays the violet colour Utimsation of atmospiikbic). 
was restored^ It is also a constituent in small Calcium Carbide, Manufacture of. The com- 
qiiaiititios or many plant ashes, of bones, and mcrcial nmnufacturo of calcium carbide is 
obtho (^amel of t4M>tn. When calcium tiiioride, credited to WiIKhoii in America and Hdroult in 
obtained by precipitating any soluble calcium Kiiropo. It was started in the early eighties of 
salt with fluoride of sodium or potassium, is last century, and by progressive development 
heaM with water slightly acidified with hydro- acquired the distinction of being the largest 
ohlorio acid, the precipitate is found to consist consumer of energy in the eloctnc funiaco 
of mioroaoo^Q octahi. irons. industry. This continued extension resulted in 

Calcium nuorido is soluble in about 2000 a bettor design and increased sire of furnace, 

: water at 16*, and is sliahtly more together with the necessary equipment for 
soluble in water containing carbon dioxide. It handling large quantities of raw matenals and 
di^lves in hydrofluoric acid and in strong hydro- for preparing the carbide for the market, 
ohlorio acid, and is prooipitatod in the gelatinous The chief factors which have to be considered 
form by ammonia. It is fusible at 002®, and in the choice of a site for a carbide factory are 
is used as a flux in many metallurgical opera- supplies of raw materiet consuming of limestone 
tiona, eapeoially in the reduction of aluminium, and coke, or anthracite, and an abundant source 
It la decomposed at a high temperature by of cheap electric power. Large works have 
water vap^r into lime ana hydrofluoric acid, consequently been established in places where 
fuuon with alkaline carbonates or hydroxides a practically unlimited supply of water power is 
yields oarUmate or oxide of calcium and alkaline available. Hence, most pr^ress in the industry 
fluorides. Strong aulphurio Mid, on gently hat been witnessed in Norway, where — excepting 
wjwming, de^mposes it, forming calcium aul- coal — other demands are amply satisfied. 
pMto and^ liMrating hydrofluono acid. At a The raw materials used in the manufacture 
red hMt It ia sire decomposed by chlorine, of calcium carbide should be as pure as possible. 
JdUt tmng hsj^ted fluor sjpar nnosphoresces in Special attention should be paid to obtaining 
raedarlL Inere is a oonuderable industry oar* them free from phosphorus, * sulphur, aim 
rie^ on in fluor-spar diatriota in the carving of magnesia ; silica, iron, and alumina should be 
ornaments vases and other articles, the hrii- present only In small quantities (v, Witberapon, 
liantty coloured varieties being especially in J. Soc. Chem. Ind. 1913, 113). 
danaMci . , . ^ Phoaphonia occurs in limestone as cakiom 

CMm Wklte GaO^ W>ihler (A:ai. Chim. phosphate, and ia reduced at the temperature of 
rn^ 12o^ 1x0) thow^' that by the action of y*e f'mace, and in the preaeniy' of carbon, to 
on a ipotten alloy of sine and caloimn, a cakium phosphide, whieii, when brought ''into 
mass IS 9btaine(b whi h on oontact with contact with wste.*, evolTes pbosphjreited 
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hydnwen. This gm mixM with the aoetylene, 
and when the bj^meis are lighted, oauaee a haze 
of phosphorus {X)ntoxide, which is ver>* objec- 
tionable. So carefully, hou’ever, are the raw 
materials selected that all oommoroial earbidos 
are practically free from phosphorus, the average 
content in acciyloue being less than 0’iKl2 p.i'. 
by volume. (For a metliorl of examining com- 
nieroial carbide foFealrium phosjihulo bxsed on 
that of Lunge and tVdereroutz, f>cr l>t*imis aiuL 
O’Jiricn, J. Jiid. Kng. i'hciii. 11)12, 4, SHtf.) 

Sulphur, unless prescMit with considerable 
amounts of alumina, has little influence on the re- 
sulting carbide. . Calcium sulphide, formed in the 
furnace by the r^uctiun of laleium sulphate, does 
not decompose in the production of ac'otylene. 
but ill the prestmee of alumina, aluminium sul- 
jihide may be fonned, which yields hydrogen 
sulphide i»hen brought in contact with water. 
Very little trouble, however, is exm*neno4*d with 
sulphur, as the lime and coal usimI in the inanu- 
footuro rarely contain a prohibitive <iuantity. 

Magnesia has the peculiar property of 
interfering with the formation of calojuin carbide 
in the furnace. If more than one p.c. of maglle^ia 
bo present in the lime and coal, the etectrieal 
energy reouiri'd becomes noticeably so much 
greater, that raw materials containing such 
impurity arc considered unfit for use. A flux 
of lluor spar has been used to counteract this 
elTect, hut with bttlo success. Magnesia mixed 
with carbon and heated m the electric furnace 
docs not form a carbide and is highly iiifiisthle ; 
under similar conditions barium and strontium 
oxides form carbides with ease. 

Silica, iron oxides, and alumina form silicates, 
aluniinatcs, and forro-Hilioon, \iiiich reduco the 
purity of theearbidc an<l the uutjmt of the furnace. 

The preparaiioti of tho raw niaterialrt in 
carbide manufacture is of much inijiortancc, 
owing to the high temi>craturos einployetl in the 
reduction of the lime. Water in tho friM? state 
m the coal, or combined us hydroxide m the 
lime, should bo entirely eliminate<l, its jirommeo 
reducing the output of the furnace in very wnous 
proportions. The coal is, therefore, thoroughly 
dri^ at a low heat in some convenient tyjic of 
oven or rotary dryer. Tlio limestone, consisting 
of calcium carbonate, requires a high tomnera- 
turo to drive off the carbon dioxide, anu the 
operation is usually conducted in some type of 
lime kiln fired by coal or gas. — the Alby works 
at Odda used groducev gas-fired kilns — or the 
liipestone may oe burnt in specially constructed 
chambers, using gases evolved from the manu- 
facture of the carbide. The ingredients were 
formerly ground fine to ensure a uniform pro- 
duct, but this is now found unneccessaiy, and 
the limestone is reduced by crushers to 1-2 inch 
size, and the coal to inch mesh. They are 
then weighed and mixed roiwhly iu about 
tlieoreticm pre^rtions required by the equation 
CaO-l-3C«CaC|-f CO, or approximately 100 
pi^ by wei^t of lime to 65 parts by weight 
of the carbon contents of the ooak 

The of electric furnace which have 

been used in the manufacture of carbide may 
be iDughly divided into the intermittent and 
continuous forms. In the first mid earlier 
type the carllde was allowed to soUdi^in ^ 
cmeible, and was hence known ss the ingot 
fafnaoo, This» or the pbt funj|W)e, ol wmcb 


Borcher's is the simplrat type, consists of « 
large iron crucible lined on itie bottom witli i 
layer of carlxm, this forming one terminal ol 
the electrical circuit The oth^ ierjninal U 
formed of a carbon rod which is suspended 
vcrtifAlly in the crucible, and ||rovidea with 
aoine form of nieehanicai*lioittt to give a vertical 
motion to the rod andalioUier, which togeduu 
may weigh as much as ono bm. To start thr 
furiitu'o, the moving electrode is lowered, pntil 
on passing a current an ^rc is fornuHl with thi 
carbon bottom. The nrixture of lime and coal 
prt'vioualy pnqiared and ston'd in a bin almve 
the furnace is ftnl in around the are until 
eiitindy covered. A current of 2001) amp4rea 
ami 75 volts was used in the early Willson 
furnace. The are being startea, nifbraction 
soon cornmemM's Lctwivn the lime and the 
carbon, pnalticing a pooL of carbide, which 
gmdiiaily dei'iM'ns, neecgsitAiiig fr^gpieiit lifting 
of the electrode to keep thi< cum*ni constant. 
The pn>ces8 is continued until the furnace is 
full, when the crucible in wheeled out and wn 
empty one suhstituted. When Hul1icieWl|' eool, 
the contents are dumped SlNi to a grating to 
separate the finconverted mixture, tfie ingot 
removed to a clearing n>oin, where the crust is 
removed and the blocik of carbide broken up. 

Jn practice f^r tflns of raw material were 
handled to produce ono ton of t'arbide, and the 
prooi'ss was also unsatisfactory on account ol 
the varying quality of the product, *whioh, 
though pure c'arhide in the centre, was only a 
fritUMl mixture of lime and coke on the crust. 
Ill order t<a improve both the fjuality and out- 
>ut tint American makers adopted a rotating 
iirnace, of which the Jlorry furnace is the 
be*st-kn»)wn type. This is built in the form of 
a s}>ool aith wide llangos fastviu'd to the drum, 
producing throe suh'S of a Hqimre in ^^ross- 
soctioii 'Die fourth side is formed by a remov- 
able plate, clanijK'd acniss the llangeh. Two 
electrodes, Busjicndcd vertically, form an arc 
in the furnace, a sliigh'-phase current of 4()()U 
ainpftres and 75-80 volts being employed. 
Tim electrodes an> fixed, h it the furnace is made 
to rotate at a (HTiphoral sliced of about 0 inches 
an hour. In o}>orating tno fumac'o a layer of 
broken coke is placed under the elevirodos, the 
are is sprung, and the charge of lime and coal 
fed in until the dectrodes are covered. As the 
carbide is formcrl tho rotation brings the 
electrodes into contact with a fresh charge, while 
the fluid carbide slowly solidifies to an ingot 
shape, and is detached in large blocks at the 
roar end of the fummx!. Jn a modification the 
fused carbide is made to pass through a die 
which separates tho fused carbide^ from the 
unreduced mixture, and cools tho carbide 
sufficiently to determine its shatie, whence it in 
withdrawn progressively and oet^hed in the 
form of a pig (^void of crust. 

In Europe *tho early pot furnace woe soon 
changed th a tapping fumaoe, in which the 
carbide firae heated until sufficient fiuid to 
be run Into cast-iron moulds, fne esIUei 
Cnmacee were similar in form to the pot fumaoe, 
with one suspenefed Electrode, but it was 
diffieultlto get ^the desired femperature and 
fluidity. Two qr m ^ electrodes were then 
introduced, and the pro|^ss in electric furnace 
design for higii te|Eipe»tnfM*for9Wod laige|y its 



740 CALCIUM. 


devolopmmt in the carbide industry. The fur- 
nace, as constfucted by Alby in Swcnlen, used a 
single-phase alternating current of 1500 kilowatts, 
and pi^u#sd ^>0-60 tons of carbide per week. 

The clectrrides, which in the early days of 
the industry ^cro obtainable only in compara- 
tively small sizes, coiml later be purclias(‘d up 
to 22 inches square aad more, and were also 
used by some manufacturers as an assembly of 
^mailer ones, 'rtie working temperature in the 
furnace attained 300^^ though the costing 
tcmiicraturo may bo* somewhat low'er. To 
withstand such a great heat the funiace, which 
is constnjctcd of steel framework and plates, 
has to be lined with some refractory material, pre- 
ferably as inert os possible towards the elements 
of the cItfWgo, and, whore the heat is most intense, 
water cooling tubes may bo built into the lining. 
Jt is necessary also to insulate the electrodes to 
prevent shor/ circuiting through the furnace con- 
struction, as also td make a gas tight joint where 
the closed form of furnace is employed. 

^fVinsiderablft progr'^ss has been madp in 
nttninwif;* size and olheienry by the use of 
miiltiphaso ctirnm. , which has resulted in 
advantage lyiit only to the carbide industry but 
olso in the manufaeiure of ferro silicon and 
other ferro alloys. According to Helfenstein 
and Taussig (Seventh c’ong'-eas of Applied 
('heniisiry). the largest power consumption 
possible with a built-up elect rmle amounts to 
25(K)-3000 kw., the ciirroiU being 30,(KKI-40.fXK) 
amp(^res at 75-05 volts at tlio electrode. In a 
threo-phaMo furnace -the only tyi)o used for 
large units— ilus means a total oower con- 
sumption of from 7500 to ‘.UHKl kw., or 10, (KK) to 

12.000 h.p. In the manufacture of carbide a 
further step has been taken in the construclum 
of double thrcc-pliAse furnaces, in which in the 
sam<^ hearth tnx instead of thice electrodes are 
on^ployod, connected to two separate three- 
phase lihite ; the pow'er rcipiireu being from 

15.000 to 18,(KK) kw., corresporulmg to a pro<luc- 
lion of from 80 to i 10 tons of carbide in 2 1 hours. 
In this rnodilioatioii there is no increase m loiul- 
ing, but it is inten ting as showing that the 
power capacity so attainable is unlimited, whereas 
any attempt to increAse the piiwer of consump- 
tion beyomi 2500 to 30(X) kw'. per clectriHle is 
found to bo iinpractieablti uiiic.ss the furnace is 
ojierated by entirely smMuul methods. 

In oiH'u funiaoes the heat <luc to the burning 
of the gaseous products of the rcuetion is so 
great, that even with less than 3000 kw. per 
electrode special protection against the heat has 
to be prvivided both for the workers and the 
elootrical nlant. Simultaneously the gases 
evolved Ijcomo a serious nuisance in open 
carbide furnaces, and smoke is developed dis- 
proportionately as Uie pow*er is increased, for 
which reason it is not advisable to exceed 
2000 kw. w electrode. Another obstacle to 
the use of high'^r concentration of power is the 
ilifHouitv of satisfactorily ohatgin^ the raw 
materials into the furnace so as to keep the 
eledoodes pnifornily covered, any undue expo- 
sure leading to fuming, or distillation of material 
due to overaeating. * 

As the capacity of the ft» laoe is ficreaeed 
the utilisation of the r jee produced by the 
reaction becomes of greater economio moment 
In the carbid^ ^unuuw 70-86 of the gates is 


carbon monoxide, with carber dioxide ana water, 
which are easily reraovaMe in practice as the sole 
impurities. Furnaces ore now uesigned entirely 
elo^ in, so that evolved gas can be utilised 
for heating purposes, and by so doing smoke nuis* 
ance and excessive radiation of heat is avoided. 

3'he type of furnace as covered bj Helfen- 
steiirs patents illustrate the main features of 
interest in connection with i..echa.iical charging 
and other general problems of management of 
the electrical furnace for the nianiifacture of 
carbide. Fig. 8 shows nn elevation and section 
of an 8000-ia,(KJ0 kw. single thrce-phasc <umace. 
About 8-10 metres above the bottom plate is 
a charging floor, where the raw material is 
brought, as in bia.st furnace plants, by tipping 
waggons to tlio charging apparatus at regular 
intervals. The charging arrangements con- 
sist of a largo mixing cTiaml>er, which can be 
clixsed gas tiglit, communicating with the body 
of the fumate, through which tiio central 



hanging electrode, of 3(KH)-fO00 k.g. weight, 
pasties, being thu i surrounded on all sides by the 
mi.\turc. Tlio mixing reiHTvuir, which has a 
ca{>acity of fn>m oCHXl to 7tK)0 * g., is fed con- 
tinuously as the material is used in the process 
through large pq>es fn>in tlie chaiging floor 
above. Wulo slits provided with gas-tight 
covers are mode in the top of the furnace 
proper, near the mouth of the reservoir, fur 
observation and control of tlio process. 

When no more profitable use of the waste 
gases is r^uired, their immediate application 
in preheating the charge can be carried out as 
illustrated in Fig. 9. The general form of the 
furnace is the same as Fig. 8. It is seen that 
in the up^ier part of the hearth there is a gas- 
filled comer space bounded by ihe.natuwy 
doped surface of the raw materials ; by blowii^ 
or sucking air in at the nozzles, as inoieated in 
the diagram, this space is converted into a com- 
bustion chamber, the gasee bani*ng in contact 
with tha mixture of material in the hearth. 
In another Arstriar Jiodifioaiion the funace is 
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provided with chiffgii^ vosaole in the form of 
shafta atmilar yi desi^ to Helfonsteiii'a, but 
with a branch for taking off the waate ffasea 
The A.G. works iii»r Cologne, which are 
capable of producing 200 tons of carbide a day, 
are described by Alunand and Williams ( J. Soc. 
Chem. ind. p. 301 R, 1910). The poarer is 
obtained from fivn three-phase turbo generators 
of 11,250 kV. each, and Jthree smsJlcr ones 
capable of suppling power and current for 
seven furnaces. When VLsiteid, ta'o of the laiwo 
generators wore working four furnaces, 30W 
kw. being consumed on power and light. The 
furnaces consist of steel plate shells 30 by 14 by 
10 feet dicp, lined with 18 inches of lirtdwick, 
the hearth or vruoiblo being afterwanls rammed 
with carbon concrete. The eloetrothM 50 by 20 
inches cross scH^tion, aiul 7 feet 0 inches to 8 foot 
in length, were built up of sections 20 by 20 and 
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20 by 10 inches. Flange, bosN, ami coiitacd hea^I 
of each oltHi.rodo were separately W'0<'V c«x»Iec|, 
and the current was carried by groups of l!exil*lo 
copi>or wires '‘'«8pendc4i by chains, each with 
separate electric motor control. The fiirmu^es 
were of the open ty{>e, the sinokc and dust Uung 
exhausted from f>{K'n'ngs m the ba< k wall of the 
furnace. 200 tons of lime to 185 tons of coke 
per day were rcquiro<l at full working pressure. 
The lime was patUed through a 4-inch ring, and 
the coke was in piecdk 1 to 3 inches across. The 
electrodp consumption was tivo kilo, per ton of 
carbide. One tap hole was tapped in each 
fomaoe every 45 minutes by an arc tapper, and 
each furnace was provided by three tap holes 
placed below the three electrodes. 

Tho subsea uent treatment of the carbide 
requires special machinery, according to whether 
the material is to be used for the pseparatiun of 
acetylene or for the manufacture of cyanamtde. 
In the forme'* case the clean ingots are broken 
Into laige blocks and fed into jaw oAuhin, I 
from Thence it is paeeed f^r graonjation through { 


slow -moving rolls, tho object being to attain ilm 
desired etate of division with a piinimum pro* 
duction of dusL The orushod material is uied 
on trommels or rotary screens, wlllchsdq}iver the 
product in sixes vao'ing from latge lumps 
I 8 by 4 inches, for the manufaotum of acetylene 
on a laige scale, to 10-3ifinosh size, fur automo- 
bile tam]>s, &o. A 4i<H*t-iron plant, where 
steel tlrums an<l air-tight cans aro manufactured 
for storing and transport of the carbide, is a r^poes- 
sary |>art of evt^y works. The siandanl t>a('kagei 
are 109, 1 10, 200, 220 llfti. net weight of carbide, 
and small tins from 1 to 25 lbs. wr lamps. 

The largest use of calcium carbide is for 
I making acetylene, but (bo cyauaiiiido (7.0.) 

I industry is <le]Kmdent on calcium carbide f«>r 
Its mauufactu^^ Tor this purpoM^ii i^neotwsary 
to roiluce the inaU^rial to a line state of divisitui, 
and to prevent oxidation and explosion it is 
usually jM^rforineii in an ati^isphei^ of nitrogen. 

The maniifacitire %i calciunv carbide at 
prices prevailing in normal times depends upon 
tho supply of cheap cl^pstric power. NorwRy, 
having abundance 'd watiT power and^kqHisits 
of suitable limestone, has Ikhmi the largest 
pmducer of Airbide. Aooonling to (\ Hingliam 
(.J. iSoc. Fhein. Ind. March I.*), 191^, b) pnaitice 
«i ion of carbidn nHpiin^s 42i')0 units of elcctrie 
power, tins ligur^iiK'Hiding not only the curn'nt 
rcquin*d*for tlio furnaces themselves, but that 
absorUnl by transformers and loads, as also 
that eonsiinicd by motors to drive eaiistiors, 
elevators, pumps, *iiiTd drum-making plant. Tho 
cost in Norway with cheap wat#*r nower amounted 
in nonna^ times to 22 v, to «5/. per ton of 
carbide, am! its Helling ]>rico was £10 15s. in 
England. 

Tho only fiodory in^Circat llritaiii was at 
Thornhill, \ orks, wliieh, owing to lack of 
elect rio pi>wc>r, was nunovfMl tA MauoliesU'r, 
where a largo jdant has Ihmmi built. At 0'4d, 
|HW unit tile (Mist III (lieat Jintum tuj current 
alone would U) £5 ‘Ij*. •!</. per ion of carbide, 
but if the priXM'HH was run in connection with 
blast fnmaccM and coke ovens having a surplus 
of elwtnii jiower or gas for the manufacture 
thereof, it is calculated Oiat this figure could 
bo n‘duced to £2 JOs. •jier ton of carbide, 
reckoning O'Jlr/. ist unit tor depreciation and 
running uikI 2 (/. jmt KXK) cii. ft. tor gas 
used 111 gas (‘iiguH‘s (Mmsuming 27 cu. ft. {ht 
kw. hour, or for tho 1250 units mcntionfid, a 
cost of I9<. 2f/. 

Tho Nitrogen Products and Carbide Co., 
Lul., amalgamated with tho Alby United (larbide 
Factories, Lid., have actiuirod tho St. Helens 
Colliery and (’oko Ovens, Workington, with the 
object of producing carbide and nit* din in this 
country on an economical basis Electrodes 
are bcung produced at Hebbum-on-Tyno. 

Cftlelum carboiUlU CoUO, wcurs naturally 
in the forms of limestone, chalk, marble, and 
calcitc ; it alu> constitutes the principal ingre- 
dient in '^jUK'shells, molluHc-sHblls, and coral. 
It is fomouwhen the oxide or hydroxide is ex- 
posed to moist air contiiining carbon dto ide, 
but is not produced by the a(;tion oi dry carbon 
dioxido on dry lime. |lt may bo obtained in 
the purn sUto b| dissolving chalk, or marble, or 
calcined' oyster-uiells *n hydrochloric acid, pre- 
omitating the aliAnino, .side of iron, and earthy 
phosphatee by ammonia or mjlk oC Uroo, filtering, 
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then precipitating the calcium by ammonium 
carbonate, wishing and drying. 

Calcium carbonate ia dimorphous, ciystal- 
lising In the hexagonal system as calcite {q.v.) 
and in the rhombic ^stem as aragonite 
{q.v.), 

A litre of water disAdves about 18 milligrams 
of calcium carbonate. ^The solution has a shght 
alkaline reaction. Cotlio (Chem. Zeit. 39, 305) 
give^ the solubility of CaCOs in water free from 
CJOi as being 31-0 mg.^ i)er litre. It is increased 
by the presence of* chlorides; nitrates, and 
sulphates in the water, but decreased by alka- 
line carbonates, and by chlorides, nitrates, and 
sulphates of the alkaline earths. When boiled 
witn water ('aCOg ((lazz. chim. ital. 47, ii. 
40) slower (IfHBociatcs with evolution of CO^. 
This dissociation stops at a certain point, and is 
prevented, if a solution of Ca(OH)3 (saturated 
at the onlinary tetiipcraturc) is added to the 
boiling calcium carbonfito in water in the pro- 
portion of 15 c.c. per litre. 8odium carbonate 
((K05 gram per litr^l prevents dissociation. 
Hoylon%«!d Lloyd (Chom. Soc. Trans. Ill, 994) 
find that the ionic. solubility product of calcium 
is [Ca"J*[COft"]=71*9x 10“^®, which gives [Ca**] 
= 14-0x10-^ for a saturated solution CaCO* 
in pure water. In this solution the carbonate is 
hydrolysed to the extei^.t of 06 p.c. Water 
containing carbonic acid dissolves it much more 
readily, forming the acid carbonate C*aHt((JOt)s, 
which as known only in solution. Solubility at 
higher pressures in water containing carbonic 
acid follows the law of Schlocsing prtdty closely 
(Engel, Compt. <.'end. 101, 040). The solubility 
increases under an increase of pressure only up 
to 3 grams per litre according to Caro. One 
litre of water saturated with carbon dioxide 
dissolves 0'7 gram of the carbonate at 0®, but 
0*b8 gram at*10^ The solubility of calcite in 
water, determined at different temperatures by 
bubbling air containing 3*18 parts of CO| per 
10,000 until saturation occurs, expressed in 
parts of CaCOg per million is : at 10^ 82 ; 21^, 
60; 22®, 67; 2.3®, 57 ; 30®, 56. Cavazzi (Gazzi 
chim. ital. 46, ii. ]22> finds that the maximum 
quantity of CaCO,, which after prolonged 
shaking, dissolves at 0® in one litre of water 
saturated with CO| and maintained so in the 
presonoo of the gas at atmospheric pressure is 
1*56 grams (2*5272 grams (JalHCOa),); at 16®, 
1*1762 CaCO. (1*9038 Ca(HCO,),). A super- 
saturated solution is obtainable, containing 
2*20 grams CaCO a per litre. This acid carbonate 
plays a most important part in nature, for 
whenever water containing carbonic acid comes 
in contact with carbonate or silicates of calcium, 
the calciu i is gradually converted into this 
soluble form, ana is therefore found in almost 
all natural waters. Hence also the deponts 
in kettles and boilers ; the formation of which 
may bo prevented by the addition of ammonium 
chloride to the water. 

Calcium carOonate, when heated 'o full red- 
ness in* open vessels, is decomposed Into lime 
and carbon dioxide. The decomposition com- 
mences at 'a low red heat, and in a current 
of air, or better steam, ihe temperature of dis- 
sociation is lower still. The| tension^ of dis- 
sooiation beoom«^ equal, the pressure of the 
atmosphere, aooordii^ Le Chatdier (Oompi. 
rend 102, about 812*. If heated 


rapidly, the staiionarv temperature of dis- 
sociation is 925®. At* 547® the tension of 
dissociation is 27 mm. ; at 610®, 46 mm. ; at 
625®, 56 mm. ; at 740®, 245 mm. ; at 810®, 
678 mm. ; and at 865®, 1333 mm. If the car- 
bonate be ignited in a closed vessel, it fuses, 
resolidifying to a mass of marble-like calcite. 
According to Becker (Jahrb. Min. 1886, 1, ReL 
403), any form of CaCO,, even at a low pressure, 
is clianged on heating in a closed space with 
exclusion of air into the rhombohedral form 
without fusion. The crystalline forms of calcium 
carbonate dissociate very slowly below 400® ; 
at this temperature the dissociation pressures 
are of the order of 0 003-0-009 mm. At 426® 
aragonite is transformed into calcite within an 
hour when heated in a vacuum. Besides the 
two well-known forms a third crystalline form, 
referred to as /iCaCOs (Merwin and Williamson, 
Amor. J. Sci. 41, 473), is obtained by precipita- 
tion at 60® along with calcite and aragonite. 
It has D. 2*51, and can be separated from calcite 
D. 2*71, and aragonite D. 2*88 by flotation in a 
liquid D. 2*6. If small quantities of the pre- 
cipitated carbonate are thrown into a fused 
mixture of sodium and potassium chlorides in 
equivalent proportions, no carbon dioxide is 
evolved, but the carbonate becomes crystalline 
calcite, usually in aggregations of crystals like 
snow crystals (Bourgeois, Bull. Soc. chim. [21 
37, 447), 

Pentfthydrated calcium carbonate 

CaCOa, 611*0. 

The evaporation of natural solutions of the 
acid carbonate generally results in the deposition 
of the ordinary carbonate, forming the stalac- 
tites and stalagmites of caverns, travertine, and 
other forms of deposit; but sometimes the 
solution fields six-sided rhombio prisms of the 
composition CaC03,5Ha0. These crystals are 
often found in pumps and pipes loading from 
wells, also adhering to the confervas in ponds. 
They keep unaltorea under w'ater at 20®, out at 
.dightly higher temperatures lose their trans- 
parency aiM water of crystallisation In ail 
they crumble to powder through loss of watei 
(Pfeiffer, Arch. Pharm. [2] 15, 212). Hiis salt, 
according to Pclouzo (Ann. Chim. Phys. [2] 48, 
301), is obtained in small acute rhombohedra, 
sp.^. 1*783, by boiling lime in a concentrated 
solution of sugar, starch, or gum, and leaving 
the solution for some months in a cold place. 
Booqucrcl, by exposing a solubion of lime in 
sugar water to a voltaic battery of 12 cells, 
obtained crystals of the same composition, but 
in form of rhombio prisms. 

Basic carbonates of lime. Calcium oxide 
commences to absorb carbon dioxide at a tem- 
perature of 415®, forming a basic carbonate of the 
composition 2CaO‘CO. (Bimbaum and Mahu, 
Ber. 12, 1547). 

Raoult (Compt. rend. 02, 1457) shows that 
,when fresUy burnt lime is heated in a current of 
carbon dioxide, it glows strongly, forming 
2GaO*COa, which does not disintemte in moist 
air, and does not take up water m>m steam at 
200®. When finely powdered and treated with 
a little water, it hai^ns like hydraulio cement. 
The hydrated product has the composition 
Oar!0,*Oaj[OH)^ On heatinff to djU redness, it 
loses water and is converted into a mixture ol 
CaCO. mud OaO. 



VhALAjilVill. 


4*0 


When burnt li|^e is hoatod in contact with 
carbon dioxide for sewal days, the basic salt 
2CSaCX),<9aO is abtaine^ which still absorbs COe, 
forming a third salt 30aC0,*Ga0. The carbon 
dioxide oontinues to be absorbed. ho^K’eycr, 
and appears eventually to form the normal car-* 
bonata 

Caelum nitride CayNi is beat obtained by 
passing dry eitroaui over metallic calcium con- 
tained in a nickel Doat and cube heated to bnght 
redness. Two to throe hours are required, and 
the resulting material is fritted and poascsses a 
brownl. '.Mx>a colour. Its fusion point is about 
1200*’ ; ap.gr. 2*63 at I?**. When thrown into 
water it pr<^ucea a lively effervescence, yielding 
ammonia and calcium hydroxide 

Ca3N,+(iH,0=3Ca(0H),-l-2NK, 

(Moissan, Ann. Chim. Vbys. [7J IS, 280). The 
nitride, heated in a current of hydrogen, gives 
a compound having the formula Ca3N3l{4 
(Monateh. 34, 1685). 

Calcium ammonium Ca(Nl{3)4 is formed when 
a current of dry ammonia gas is passed over 
metallic calcium, maintiiincd at a teinpcraturo of 
J5** to 20®. It possesses a browriisli-rcd colour, 
and takes fire when exposed to air. 

Calcium amide (’a(Nif3)3. (^aleium am- 
monium slowly decompo8(‘s, tonniiig transparent 
crystals of calcium amide, hydrogen and am- 
monia being evolved. 

Calcium imlde CaNlI is formed by passing 
equal volumes of hydrogen and nitrogen over 
heated calcium. It has not been obtained pure 
(Monatsh. 34, 1085). 

Calcium nitrite (WNOJj.H.O is prepared by 
decomposing a boibng solution of silver nitiite 
with limo-wator, treating tlio filtrate wiUi sul- 
phuretted hydrogen and carbonic acid to remove 
excess of silver and calcium, and evaporating at 
a gentle heat. It crystallises in deliquescent 
prisms insoluble in alcohol 

Calcium nitrate Ca(N03)|, 41130 occurs as a 
silky efflorescence in limestone caverns, especially 
those of Kentucky, also on the wivUs of places 
whore there is much organic refuse, it is found 
in many well waters, being derived from the soil. 
It is extremely deliquescent and soluble, and 
causes rapid disintegration of mortar, and hence 
is called ' saltpetre rot.’ It may bo prepared 
by dissolving the carbonate in nitric aciu, the 
solution depositmg on slow evaporation mono- 
clinic 8ix-8id<'d prisms terminated by acute 
pyramids of the above composition. On evapo- 
rating the solution to diyncss, the anhydrous 
of sp.gr. 2*472 is obtained, possessing a warm 
bitter taste and readily soluble in water and 
alcohol. On heating more strongly, it becomes 
phosphorescent, as noticed by Baldwin in 1674, 
and hence is termed Baldwin's phosphorus. At 
a higher temperature, oxygon and nitric peroxide 
nro evolved, and with combustible bodies detona- 
tion occurs. The nitrate is formed with hbera- 
tion of nitrogen when nitrogen peroxide acts on 
lime, whatsoever bo the conditions of tempera- 
toie 2Ca(^6N04 2Ca(NOf),+0*5N4 It is 

extensiHIy prepared on the Continent for the 
mannfaotm of nitre mixing veaeiable and 
animal refuse with chalk, man, omders, Ac., 
moisteoing fpm time to time with liquid stable 
manuxe, aim exposing to the air fo# tw% or 
thm yean, whm the piw 1% lixiviated and 


the crude nitrate of calcium decomposed bv 
carbonate, sulphate, or chloride of potassium. 
Lane quantities of calcium niftrate are now 
prodiioea by the Haber prqpess. At the 
iSv&lgfoa works, Notodden (55,000* hep.), and 
the Ryiikan works (120,000 h.p., to be increased 
to 300,000 h.p.), the nj^rouc fumes from the 
Birkeland and Kyde furnaces or the Sohonhorr 
furnaces are alworbed^ granite towers and 
the waters neutralised by limestone. The 
wet method of absorption is now being replaoo^ 
by a dry method, whioh does not^neoessitats 
the use of towers, the nitrous fumes being 
absorbed by xiassing over lime kept at a tempi^ra- 
ture of about 300®. The conversion to ammo- 


nium nitrate cannot bo aocomplished satis- 
fai'torily by the intoraotion ex aiqmonium 
sulphate and calcium nitrate owing fo the tins 
condition of the calcium sulphate, but- this 
becomes crystalline if ho^d in an enclosed 
vessel to )i^®-175®, which can then be readily 
soparaiod. 

Calcium phosphide, Moissan (Compt. itgid. 
128, 787) prepared oalcitfm phosphide /rom pure 
crystallised calcium and phosplioAlt The 
two bodies woro placed amft in a tube whioh 
was exhausted and the pnosphoi^i was genilv 
heated. The vapours evolved eombinecT with 
the calcium with ingandesconco. Ho also ob- 
tained it by rcdifttion of puro calcium phospliate 
with carbon in an clocirio furnace, using 310 
parts and 00 parts rc8)>octivoIy of tlie in^dients 
and a current of 650 amperes and 45 vmts. Bo 
obtained, it is a brownish-red body, crystalline 
when prepared in the electro furnace. Its 
cliaracterifftio reaction is the decomposition of 
water in the cold with the production of calcium 
hydroxide and hydrogoa phosphide. Prepared 
by either of the above methods, it has the com- 
position Ca3P.. ^ 

Thenard (Ann. Chim. Phys. [3J 14, ^2) ob- 
tained calcium phosphide mixed with i^hospLate 
by passing the vapour of phosphorus over red- 
hot lime. I'he substance may be prepared on a 
larger scale by filling a oniomle with a hole in 
its base with pellets of lime, and placing it upon 
the grate of a fumaco. ^ flask oontainmg phos- 
phorus is placed below the grating with its neck 
passing into the hole of the oniciole. When the 
time has been heated to redness, the phosphorus 
is gradually heated so that its vapour passes 
through the lime. The brown mass is staM by 
Qmelin (Handb. 3, 188) to be a mixture of mono- 
calcium phosphide and trioalcium phosphate. 

When ibn^wn into water, the product is in- 
stantly decomposed with evolution of spon- 

0 wing to this proporty^’^loiuDr nhMph&e is 
utilised for the production of signal fires at sea. 
The manufacture is carried on in an arrange- 
ment similar to the above, the oruotblee bemg 
larger and divided by a false perforated bottom 
into two oonuMrtments. in this upp^ of whioh 
the pieces of lime are raised to e red heat, the 
phospb^s placed in the lower compartment 
being afterwards volatilised by the heat radiated 
from above. In about 6 hour . a obarge, 
gelding 20 lbs. of n^uot, is finished. Tim 
brown stony idm is immediately worked up into 
the^Iiihts.^ llMseooiisistofi^liadtioaltin^ 
iron boxes, thedowe^ ci whioh is filM with 
about 16 ox. of the nragmenlf of phosphide. 
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Two email circular portioiu of the upper and 
tinder surfaoee of metal are formed of soft )ead» 
ao that they oSay be pierood by a knife jnet be- 
fore being throiirn ovorboarcL The tine are np- 
ported a wooden float when in use. The 
water entere below and the gae ieeuee from the 
upper outlet.ebumingtwith a flame 9 to 18 
inonee high, lasting about half an hour. Larger 
but similar * lights ' are^repared to be placed in 
a bucket of water on docic. In the British Navy 
tnrp4do practice, a peculiar form of the phos- 
phide is aleh used. • • 

Calolom phosphite CaHPO,,HsO separates 
as a crystalline crust from a solution of the 
ammonium salt mixed with calcium chloride. 
It is sparingly soluble in cold water, and the 
solution ,(]ecomposo 8 when heated, depositing 
a basic sau, an acid salt remaining dissolved. 
It gives off its water at 100^ It is a white 
crystalline powder, ^hich, on heating, evolves 
spontaneously inflammable phosphorett^ hydro- 
gen, accompanied by slight detonations. At a 
oormin temperature, it becomes incandescent, 
and loaveaa residue of flalcium phosphate. 

An^id phospf^e CaH 4 (P 03 ),,H ,0 is ob- 
tained as a crystamno crust by acting upon 
marble with fltiueous phosphorous acid as long 
as carbon dioxide escapes. The crust consists 
of needle-shaped crystals soluble in water, and 
losing their water at 100 **. 

Calcium hypophosphlte Ca(P 03 H |)3 or 
CaH«(Pp,)| is used medicinally, and is prepared 
by boiling phosphorus with uilk of Umo 
3Ca(OU),H-2P4+0H,O«2PH,.f3CaH4(PO,),. 
On evaporation *he hypophosphlte is obtained 
in monoclinio flexible prisms insoluble in alcohol. 
When heated it evolves phosphorotted hydrogen 
and water, leaving calcium pyrophosphate. 

Calcium orthophosphate rn,(P04)t occuis 
pure m the itufa.rul CMkolttft and os 

in ornithite. Combined with calcium fluorulo or 
chloride, it occurs in nature os 

3 Ca,(P() 4 ), l-CaF, 

ill which form it is found in largo crystals in the 
nu'tamorphio limestonos at Burgess, Ontario, 
Canada. The massive variety, phosphontf, is 
mined on a largo scale at Odvgardcii, Norway. 
In certain apatites, the (*aF| is more or less 
replaced by Cat Mg. Sj^H'cimens of apatite and 
phosphorite are occa.sioiially coloured brow*n, 
mauve, and green, and become colourle.HS on 
heating. ApatiU* is pbos]))iorescent u hen heated, 
e«])o<*ially after exposure to radium. 

Calcium piiosphato also forms a principal 
constituent r the coprolitos frequently found in 
extensive bcuis in the stratified rocks. This 
material forms the principal source of the rock 
phosphate of commerce. It is the chief m- 
oisanio material of bones, forming about 80 p.c. 
of burnt bones. 

It is obtained in the amorphous stat > by pre- 
cipitating an ammoniacal solution of volcium 
emork’e with excess of hydrogen disodium phos- 
phate. The precipitate is gelatinous, but dries 
up to a white earthy powd r, nearly insoluble in 
water, but is decompoiwd by long, boiling i"to an 
insoluble basic salU>of the cr npomtion 
Ca,(POg>,-CaVPOg)dH 


and a soluble acid salt This reaction also 
occurs slowly in the oolfL Oaloium phosphate 
IS also soluble in water containirg carbonio add 
(1 part in 1789 parts of water saturated with 
car^n dioxide), ammonium salts, sodium ni- 
trate, sodium chloride, and other ^ salts. Its 
absorption by the roots of plants is thciefcnw 
promoted by the agency of saline solutions. 

Bassett has shown that on^ two phosphates 
more basic than dicalcium pho^hate exist; 
these are tricalcium phosphate CagPgOg and 
hydroxy a{)atite (CaaPtOg)g,Ca(OH)g. The 
latter is the only stable solid phase '^ver a 
range of acidity of great practical importance, 
as It can exist in faintly acid, neutral, or alkaline 
solutions. It is probable that this compound 
IS the only calcium phosphate that can per- 
manently exist under normal soli conditions. 
Bone phosphate is considered to be a mixture 
of hy(&oxyapatite and calcium carbonate, with 
small amounts of absorbed biearbona^ of 
sodium, potassium, and magnesium. 

The melting-point of calcium phosphate is 
1660®. It 18 not reduced by CO, but H reduces 
it at 1300® to a inixtiiro of C*a(J and phosphorus. 
Carbon begins to reduce it ut 1400®. It is not 
decomposed by silica in a neutral atmosjihcro, 
but a ehornical combination occurs at 1150®, 
and the ppfKluct is completely reducible by 
carbon. Tho compound has the composition 
3CaU,3SiO|,Pg<^>K. and is indicated by a strong 
maximum on the freezing-point curve of the 
system calcium-phosjihate calcuim-silicate. Two 
(Compounds 3,SiO..PgO|, 3iSiOg.P|Og, have also 
been isolated, tho latter melting in tho oxyhydro- 
gen flame. 

Freshly precipitated calcium phosphate com- 
bines with sulphur dioxide, becoming soluble in 
water. On heating the solution, some of the 
as is liberated and a crystalline precipitate, 
aving the composition CagS 0 gPg 04 , 2 Hg 0 , is 
formed, a compound which is very stable (^r. 
15, 1441). 

Calcium orthophosphate may be obtained in 
the orystallino form by heating dicalcium pyro- 
phosphate with water, whereby it is resolved into 
phosphoric acid and tricalcium phosphate, which 
separates in rectangular plates 

SCagPgO, -f 3H,0 « 2Ca,( PO 4 ), + 2 HgP 04 . 

Tricalcium phosphate is not decomposed by 
ignition. 

Dlealeium orthophoophatt CkgHg(P 04 )g. An 
aqueous solution of phciphorio acid acts on 
precipitated chalk, forming small needle-sloped 
crystals of dicalcium phosphate. Dried at 100®, 
the salt contains 5H*0, which it does not lose 
below 116®. It Is soluble in ammonium citrate. 
Boiled with water, it ia partially decomposed 
into tricalcium phosphate. 

On mixing boiling solutions of sodium phos- 
phate, calcium chloride, and acetic acid, 
Cs.H,(P04)..H40 

is formed ; if the solutions are mixed in the cold, 
Ca 4 U,(P 04 ) 4 , 6 U 40 is formed (MOlot, Bull Soo. 
chim. [2 1 33, 194)- The salt is idso formed ( Jolj 
and Sorm, Gompt rend. 118, 741) when satu- 
rated solutions are mixed in the cold if hydro- 
ohlorio acid is added. 

When a solution of calcium chloride is mizsd 
with ^ne >f ordinary sodium pboepbate, a whits 
crystaUine precipitate Ga^ 4 (P 04 )t. 4 H 40 is 
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tluown down. U i%this salt which is ooeasion- 
ally deposited from wi|» in atollsr aggregates. 
Accordtng to Beoqoerol and Berzelius, a tri- 
hydrate may also be obtained. These different 
resnlts as regards water of crystalliaation are 
probably owing to the fact that the precipitates 
vary in r mount of water and solubility in acids 
according to the conditions of their precipita- 
tion. » % 


Monoealdiini 


rawuvvwoiuiu iruvsphato is ob- 

tained in rhombic tables by dissolving either of 
the former phosphates in phosphoric acid and 
allowing .Le solution spontaneously evaporate. 
It has a strong acid reaction, and deliquesces 
in air, dissolving readily in water. A small 
quantity of water decomposes it, forming in- 
soluble dicalcium phosphate and free phtwphurio 
acid. H cold, the hydrate Cn|llj(P04)|,4ll,O is 
formed ; if hot, the same salt, free from water, 
is precipitated. 

Monocalcium phosphate fuses on heating, 
giving up its water, and when heatc<l to 200^ it 
parts with the elements of water, leaving a mix- 
ture of calcium pyrophosphate and mctaplioa- 
phortc acid 

2Ca PO4), *- Ca.P.O , -f 21 1 PO, + 3U ,0. 
When the mixture is heated to a still higher 
temperature, pure calcium metaphosphate re- 
mains. 

Superphosphate of lime is a mixture of mono- 
calcium phosphate and calcium sulphate, which 
is manufactured as a manure. It is prepared 
bv acting on bone-ash, rw'k phosphate, phos- 
phorites, or other mineral phosplmtes with two- 
thirds their weight of sutpnuric acid : 

Ca,(r04),+2H,S04-Cair4(P04)»“l 2 CaS 04 . 
Besides its use as a manure for root-crops, it is 
used in the manufacture of phosphorus (e. Fkr 
TILISERS). 

Calcium pyrophosphate CajP.Or ia prepared 
by action of aqueous pyrophosphoric acid upon 
lime water, or sodium pyroplioHjihate ujKm cal- 
cium chloride. If the precipitate thus obtained 
ia dissolved in flul])hurous acid and the s(»Iu1ion 
heated, the salt si'paratcs as a crystalline crust. 
The crystals contain four molecules of water. 

Calcium metaphospbates. The monosalt 
Ca(P03)4 ^ obtained by dissolving calcium car- 
bonate in orthophosphoric acid, evaporating, and 
heating the residue to 310^ It is an insoluble 
white powder. 

The dimetaphosphatg Ca3(P04)4,4H|0 ia ob- 
tained pure in the crystalline form by precipi- 
tating the corresponding alkali salt with excess 
of calcium chloride. It is insoluble in water, 
but is decomposed by strong sulphuric acid. 
A double dimetaphosphatc of calcium and am- 
monium Ca( NH 4) ((PO,) 4,21(40 ia obtainixJ in 
■picular cr^stola by mixing a aolution of calcium 
chloride yith excess of the ammonium salt. It 
is insoluble in water. 


PhotphaUi-ehloridei of calcium are obtained 
by evaporating solutions of iricalcium phosphate 
in hydrochlork} acid. A saturated aolution, on 
Bpontanecua ’evaporation, deposits^ rboroboidal 
platee of 7CaK4rP0«)4-0aCL,14H40. If the 
eolation ia evaporated over the water-bath, dl- 
oalcinm phospLite is first deposited, then, on 
further eTapor.Aioii, the above phoephati%ch]fr- 
ide comee down, and afterwards white sudee of 
CkH4(?04)|-Ch€9t.H,0. Wtw «i solotion of 


dkaloittm orthophosphate in hydroohlorlc aoU 
is saturated at ordinary tomperaturea with tri- 
caloium phosphate, then mixed wrlth half the 
quantity of hydroohlorio acid alrendg contained 
in it. and evaporated, on cooling below O^orystali 
‘separate out of the composition 

4CaH4{P04).«aag,8lf40 
(Erlenmeyer, J. 1S57, \ 4 §). 

Calcium illteo-phosphate. Aooordirm to 
Carnot and Richard (Compt. rend. 97, 
brownish -black slag, forpied in working tha 
Thomas-0 ilchrist procof& at Joenf (Meurtne-et- 
Moselle), is covers with blaok crystals, some 
slender needles, others right rhombic prisms 
with brilliant faces, frequently aggregated in 
columnar masses terminating in vitreous, trans- 
lucent, blue crystals. {Similar blue csyttals are 
found in the cavities, possessing the consUnt 
composition SPiO^-BSiOt-Al.O.FeO-SeCaO. 
essentially a calcium silioo -phosphate 
Ca.(r 04 ) 4 TCa 4 Sl 04 . 

Calcium arsenates. Dioalcium arsenate oc- 
curs native as haidingtHU 
and phnrmae()l»tt CaJI,(Ai(^),.fillaO. ana may 
be prepared by adding a smution of dismliuin 
artu^nato to excess of oalciuin (iAoride. The 
tetrahydrio arscuato obtained by addition of 
littio water to arson io^soid is soluble, while the 
tricaloium arseniRe is insoluble In water, and 
may be prepared by precipitating calcium chlor- 
ide with trisodium arsenate. On evaiv>rating 
a hydrochloric a(4d eiolution of calcium ammo- 
nium arsenate with niatinum chloride, the mass 
It'ft on ignition of tno platinocbloride is found 
in ('ontain^ine white prisms of the iricalcium 
orthoarscnalo <*a3(As(t.)| insoluble in acids. 
The met aiirseiiato (’a(AA()|)| Is formed as an 
insolublo crystalline pouder when mixtures of 
arsentous aiiliydrulo and ealt iun , carbonate are 
ignitoil. 

Aenirtling to H. II. Kobinson (.T Agile. 
Kch. I‘iIK, l.'i, 2MI), pure calcium hydrogen 
arHeridtu (<'u]IAnO.,J{.()) may bo proparoiJ by 
pouring an acidified Holution uf calcium chlondo 
into an aciditicKi scdution of sodium hydnigon 
urHenaU'. It forms a he<^vy voluminous pm- 
I’lpitato winch iniiy be obtained eryslairtno. 
It ixaoines anliydn>us at i7ii*. Tricalcium 
arsenate C’B|(Ah( 1^)4,211 /I may be firoparcil by 
pouring an alkalino raleium elilondo solution 
into ail alkaline soflmm hydrogen ansmato 
solution, when a heavy voluminous sparingly 
soluble precipitate of sp.gr. 3*23 is formed. 
Calcium ammonium arsenate 
CaNir4A«04,7il4() 

is produeod by mixing a hot solution of arsenic 
a<’id in excess of ammonia with calc! am nitrate 
or ciiiondc, when it crystallises on cooling in 
tables. In a va<'iji]in over suliiliuric acid, they 
become Ca4(NH4)I(4(As0j)4,3tf40, and when 
dried at 100*’ have the composition 
(’a,(f(H4)lf4(AH()4)4,JH40 
On igriitiorittbcy arc converted into calcium pyro* 
arsenate t^a4As4l). (Hloxam, ('hem. News, 

168). , • 

Another salt, Ca(NH,)4Tf4( AsO^lg, is obtained 
b^ kfJdiiig excess of ammonia to a solution of 
dicalciuiA arsenaib in (iitric acir), as a flocculent 
precipitate, soon»bec(. ^ing a mass of needles. 
The same salt is ubtameff in cryq^ls belonging 
to the leguJar sys'jem when the isohithm oi the 
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dicalcium salt is only partially precipitated and 
allowed to stand ; nenoe it appears to be di> 
motphous (Baumann). 

&lelttm lIHeUe was obtained by Moissan by 
beating jatcium oxide with exceu of silicon in a 
carbon tube by means of the electric furnace. 
It forms gre^tsh cry8t\ls, sp.gr. 2*5, which are 
slowly decomposed by water with evolution of 
hydrogen. ' 

Tamaru (Zeitsch. anorg.Chem. 62, 81) found 
^-haP molten silicon is miscible with molten 
calcium in*all proporiicns. 

Kolb (Zcitsch. anorg. Chem. 64, 342), by 
heating together calcium and silicon, obtained 
two siiicicles according to the component in 
excess. The products contain 63*6 p.o. and 
36*68 p.^. s*'.icon respectively, corresponding 
approximately with the formula) Ca,Si|e and 
Ca|{8i}0. Both silicides are crystalline, evolve 
hydrogen with acetir acid, and evolve spontane- 
ously inflaminable hydrogen with dilute hydro- 
chlorio acid. Silicones are obtained with strong 
hydrochloric acid. Both silicidos absorb nitro- 
gen noar«l(KN)°, ihe prbducts having the respec- 
tive compositions (VSij|N. and CaniSiioKio. 

Calcium silicates. (Talcium oxide is an 
important I3he in a largo number of natural 
silicates, and is the principal basic constituent 
of the following minerals WoUaHlonite GoSiOa 
or tabular spar, occurring in munoclinic crystals ; 
okemte Call|(SiO|)|,rft() ; xonalite 

4CaSi0a,ir,0 ; 

gurolite Oa.lT|(Si(),)|,|{.0 ; and apophylUte 
4CaH,(SiO,),*K'MlliO. 

Gorgeu (Oompt. rend. 00, 256) obtained arti- 
Ootal woUastonite bv fusing 1 gram of silica with 
16 grams calcium ohlotido and 3 grams common 
salt at a chorrv-red heat in a current of moist 
air for half an hour. 

Ifooltor (Jahrb. Min. 1886, 1, 110) found that 
in*abseikoe of steam, a hexagonal CaSiOs is 
always formed ; hence woUastonite must have 
been formed in presence of steam. Calcium 
silicate is thorefuro dimorphous. 

Rankin and Wright (Amor. J. Sci. 30, 1) have 
examined the system CaO— A1,0,— ISiO,. The 
melting-points of the three components are 
2670* lor lime, 2060* for alumina, and 1625* 
for oristabolito, the high temperature modifica- 
tion of silica. Of the binary systems involved 
alumina and silica form one compound, silUma- 
nite AlfSiOg, whilst lime and alumina form 
four distinct compounds, Ca|AI|0«, Ca,Al«0|4, 
CaAl|(>4, and Ca,AL40]|. The third binary 
system, limo-silioa, also gives rise to four 
compounds, Ca,8i04, Ca^i04, GagSitOy, and 
CaSiOs, t^ . first mentions of whioh, however, 
does not separate from the fusion. In the 
temaiy system three oompounds exist, but only 
anorthiie CagAlgSigOg and CagAl^iO, (T pure 
gohlenite) are stable at their melting-point, the 
third CagAlgSiOg being unstab^j. The above 
oompounds do hot form solid solutions to any 
extent, and the authors did not detect in the 
oxy tallisations the eutectic {fi) structure com- 
monly seeif m alloys. 

On preoii^tating the(,v)lution of any oakittm 
salt with sodium or potassium silicate, the sili- 
oates 20aO*9SiOg,3iLOxead GaO'SiOg have 
been obtained by Leu.c'and* Von Ammon re- 
■peotivelly* 


Goiseu (Oompt rend. 266) obtained two 
chlorosuieates by heati8^ to a high temperature 
silica and calcium chlorsM in pit^rtioo of one 
molecule to seven in presence of water vapour. 
The first, 2CaO*SiOg'GaClg, forms birefrective 
rhombic plates. The seepnd, CaO'SiOg'CaClg, 
forms hexagonal plates, and is producjd more 
rapidly thim the former, which requires pro- 
longed heating. Both compound., are decom- 
posed bv water. 

Caleinm boride CaB^ was obtained by Moissan 
and Williams by heatmg quicklime with boron 
in an electric furnace, and by reducing calcium 
borate with aluminium in the presence of carbon, 
then washing with hydroemorio and hydro- 
fluoric acids and ether. It is a black cryatallino 
^y* 2*33. Nitric acid attacks it 

vigorously. 

It is also formed (Ber. 46, 1886) when 
calcium metaborate (30 grams) is reduced 
by means of calcium (50 grams), the theoretical 
quantity of calcium boride being produood. 
The reaction product is extracted with dilute 
acetic acid, and then dilute HCl and hot water. 
So obtained it is a light brown micro-oiystallino 
powder D^*=s2*ll. 

Calcium borate occurs in nature in several 
combinations. The best known is colemanite 
HCa(&0|)4,2H,0. which crystallises in beautiful 
monoc;linio prisms. 

Calcium sUieoborate Ca 0 ‘ 2 Si 0 g*CaB .04 
occurs with one molocule of water as daihoiite, 
and with two molecules of water os botryoiite. 

Calcium Utanatc or CaTiOg occurs in nature 
<ji8 perowihtf. 

Calcium slllcotltanatc CaSiTiOg is a common 
constituent of many igneous and metamomhio 
rocks, and is known as titanite or tpkene. 
Synthetic titanite fonns blue crystals (melting- 
point 1221*), which usually enclose small crys- 
tals of perovskito (Zeitsch. anorg. Ghem. 73,203). 

Calcium monosulphide CaS. Perfectly dry 
lime remains unaltered on passing over it a 
current of dry sulphuretted nydrqgen ; but on 
hydrating the lime and again passing the gas, 
calcium sulphide is formed : 

Ca(OH)g-fHgS»CaS+2HgO. 

The most favourable temperature is 60” 
(Veley, Chem. Soo. Trans. 1886, 478). 

It may also be prepared by heating the sul* 
phato with coal or charcoal, or by action ol 
oarbonio oxide at a red heat : 

0aS04-f4C0-iGaS+4C0«. 

It may be prepared in the or3rBtaUine state 
by direct reduction of the sulphate with carbon 
in the electric furnace; Mttller (Osat. Min. 
1900, 178) has obtained it in small cubes. 

Anhydrous oaloium sulphide is a white TOwdor 
which emits a smeU of SUg in the air. It turni 
ydlow on moistening, due to the formation ol 
oxidised products. It is but spariimly soluble 
in water, and is decomposed bv bomng water, 
with formation ol hydroxide and snlji^yarate ol 
oaicium2GaS-f‘2HtOnCa<HS)g-fOa^O)|. Bos* 
pended in waiter, it is readily deoomfoaed oy oar 
Mnio acid, with formation of calcium oaroonatc 
and sulphuretted hydrogen 

OaS+HgO+OOg-CaOOg-fH^ 

Aftor being heated, oaldum aulp'dde ahines in 
the dark, and was long known aa CftmivmU 
ehoMihonis. 
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Acc<»diiig to '‘erneuil (Compt. rend. 
dOO), ealcium lulphid^^tti a violet pboephor- 
esoenoe may be prepared as foUowa : 20 grama ol 
finely powdered lime, obtained by heating the 
ahelb of Bjfpopua vulgaris, ia intimately mixed 
with 6 grama of sulphur and 2 grams or starch/ 
and 8 c.t. of a solution containing 0*5 gram basic 
bismuth nitrate and 100 c. 0 . of aliaolute alcohol 
acidified with a drops of hydroohlorio-acid 
are added. The mixture ia exposed to the air 
untd most of the alcohol has evaporated, and is 
then heated to chcirv redness for 20 minutes. 
When Ciilkpletely cooled, the upper layer of cal- 
cium sulphate ia removed, and the calcined mass 
poTvderodand again heat^ for Ifi minutes. The 
Molot phosphorescence of the proiluct is duo to 
the trace of hianiuth. 0-1 p.o. of sulphides of 
antimony, cadmium, mercury, tin, coprier, lead, 
uranium, platinum, or xino imparts a bluish- or 
yellowish-green tint to the phosphoit^sceiice. 
Manganese produces an orange shade. A mix- 
ture of 100 parts lime, 30 parts sulphur, 10 of 
starch, and 0*035 of lead acetate yields a sulphide 
with a beautiful ycllowiah-grcon phosphorcaconce. 

Pure calcium carbonate mixed with 2 p.o. 
sodium carbonate, and 0 02 p.o. common salt, 
heated with 30 p.c. sulphur and 0*02 p.o. bis- 
muth nitrate, fields a similar product to that 
obtained by use of IJypaptLi shells. l*ure calcium 
sulphide does not phosphoresce ; the ])hcnomenon 
IS uue to small quantities of impurities ; thus in 
the last mixture it has been shown by Verneuil 
to be duo to aimultaneous presence of traces of 
bismuth oxide, sodium carbonate and chloride, 
and calcium sulphate. 

lliose phosphorescing varieties of oaloium 
sulphide are utilised in the roanufaoture of 
luminous paints. Abney (PhiL Mag. [5] 13, 212) 
found that the emission spectrum showed greatest 
luminosity bctw'oen G and F, and a feebler one 
extending from between £ and F as far as the 
rod. The rays of the ciectrio light somewhat 
beyond H on one side and Q on the other arc 
most active in exciting phosphorescence. 


Calcium dbulphide CaSi is d('posit«Ml in 
yellow crystals of the compositbm <'aS,„3Ift^) 
from the solution obtained by boiling suljihur 
with milk of limo and filtering while hut. 

Calcium pentasulphide is forminl when 
the monosulpUdc or hydrate of caU’ium is boiled 
for a long Ume with excess of sulphur. f>>n- 
centrated solutions of calcium hydrosuljihide 
Ca(H8), also i9hct enefgotically ui>on powdcrc<l 
roll sulphur ; on preventing access of air by per- 
forming the operation in a current of hydrogen, 
an orange-red solution is produced w'lth fall of 
tempeiaturo, and on* warming the calcium is 
completely converted into CatSg. The reaction 
is reversible, a curreut of sulphuretted hydrogen 
causing deposition ol sulphur and reformation 
of hydi4suiphide. 

Auld <mtainod evidence indicating the 
possible existence of polysulphides as high as 
CaSf, and soggests the constitution 



tha atoms of sulphur in the chain becoming 
progressively more loosely attacked, ^f^otj^e 
ch^kal composition of Ume-sulphiir animal dips^ 
MSS CBanin. DenL Itjme. Bull 4fil. 10161. 


Ciktnm <aysidpliid«. When calcium hydros 
ide is used as aoove, besides VaS^ there is 
also formed an oxyaulphide of the oompoiitioa 
50aS’CaO,2(>HaO (Rose). The cams suDstanoe 
is obtained in gold-colouretl needles When the 
solution obtainnl by boiling mide calcium 
monosulphide with inucl#water is^vaporated. 

AcoortUng to Hoffn^n (Compt rend. 62, 
201 ), a mixture of two molecules of oaloium mono- 
sulphide and one molecule lime at a red ^eat, 
foniis the oxysulphidc 2CaS*OaO. «This ox\* 
sulphide is (HinUined iii*i^ccuily lixiviated soda 
residues. 

Geiither (Annalen, 224, 178) obtained crystals 
of CaSt‘2('aO,10HyO by boiling sulphur in milk 
of lime. Tlu'y dissolve in hydnx'hlorie acid, 
forming hyilrogen |H>rsii1phidc Ht^s* ^ little 
H|S. On boiling ralciiirn nionosulphido and 
sulphur with wiiUt, crystals of Ca8f*3CaO,llfHgO 
wen* ohtaincil. Diveiw obtJlined a compound of 
the formula lICaS‘r>(*dl) by igniiing lime in 
a inixtiiro of carbon dioxiclo and carbon disul- 
phide. , • 

Auld (dimn. Soc. Trans. I07\ 480), boiling 
together hiuo and sulpl 'r in projrortions 
I calculated UP give the (lisulphitlfi obtainiMl in 
I each CAM) flcrscheirs crystals, fi'r which ho 
proposes the formula (V),(VS|,7H|0. A limo 
sulphur wash, ii||h 1 ith a fungicide, is pre|>arod 
by boiliSg tog(>tj|[>r one part of quicklime, two 
or more parts of sulphur, and ftm parts of water. 
The concotitrat4Hl commercial jiroduot uimtains 
calcium polysuJphtdils and tiiioHulphste, generally 
with minor proportions of sulphite and sulphate, 

Calciuiik sulpbydrafa Ga(H&|| is formed to- 
gether with the hydroxide when the monosulphide 
IS boiled with wiitcr. The best mode of pre- 
paring it is to pass sulphuretted hydrogen 
through the h} droxKlo or sulphide suspended in 
water, with constant agitation, lAtil it ooumi to 
lie absorbed. It is diflicuit to obtain in thd SQlid 
state, being dccoin raised, when the otage of orys- 
iallisation is reached, into 8H| and CaS which 
separates in silky prisms. 

Livers (Chein. Soc. Trsns. 1884, 270) obtained 
it in the solid form by forci«g sulphuretted hydro- 
gen through scnii-i-olid emoium hydroxide and 
water so as to obtain a saturated solution of ^ho 
sulphydrate. Air was excluded, and, on settling, 
decanting in a stream of H|S, and cooling by 
ice, crystals formed in' abundance. They were 
colourless prisms, melting on slight rise of tern- 
pc*raturo with partial decomposition. They 
readily dissolved in a fourth of their weight of 
water, and could not be removed from the atmo- 
sphere of sulphuretted hydrogen without decom- 
position. They possessed the formula 

CaIl,8g,6H«0. 

Calcium sulphydrate may be used as a 
depilatory. If sulphuretted hydrogen be passed 
into thin milk of lime till the mass aoquires a 
bluish-my colour, the paste thus formed when 
thinly lai ! upon the surfaee'^from which the 
hair is to bo removed, permits of the ready re- 
moval of the hair a mtonte or two afterwanJi by 
scraping with a dnll knife. It has been pro- 
posed to employ it in ^Jie tan-yard. 

dde-nm hy^r^xy-iiiipliydiato 0a(SHK0H) 
is formed, according 1 1 piveriL 4y action of water 
npon the crystals m ihelait-dosoribed salt t 
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Alio by union of wnter with cnlcium nulpbkto, 
M in interior qf heapi ol mkU WMte ; and bv ro- 
action between Ca(OH),+H^S in the coal-gat 
purifier., BbqpUed to air, cryirtalt of Oa(US)t art 
rapidly conrerted to Ca(BH)OH, and conoen- 
trated aolutiont of the tulphydrate exposed to 
air become rapidly ooivred with orystalt, and an 
abundant crop of oryteeie of Ca(SH)OU it ob- 
tained on pasting in a current of air. The 
cryttala are eolourlcts four-tided prisms of itiky 
Idtire, easily obtained dry, of the composition 
Ca(SH)OH,3H,0. TheV tlowly evolve SH, in 
air, and become yellow by absorption of oxygen 
They are readily soluble in water, but the tolution 
rapidly decompose into hydroxide and sulphy- 
drate. They are irisolubio in aloohoL 

Aoodhting Co Folkanl (Chem. News, 40, 258), by 
exp<^ing calcium hydroxide to the action of sul- 
phuretted hydrogen until it ceases to gain weight 
a grey fmwdcirof th8«x>m position 4Ca(HO)t'3Hx*S 
is obtained. By the ^action of coal gas sui- 
phureited hydrogen is evolved from it, and at 
lOt^ water is eliminate'!, leaving 
• - ‘ Ca(OH),Ca(SH)OH. 

This jn'eyish-groen powder, when 'tently heated 
in cold gas, 1 -ves a yellowish-white salt 
2Ca(H0),‘Ca(SH}01I CaS, 
and this at a red heatforms 2(JaO‘Ca(Sll)01[ ‘Ca8, 
wliirh, when iynited in air, Iniriia like hncler to 
(.‘aSd^. 

Tilt liiiie-sul[)lifir solutions oiiiployeil as 
inMU'iicides and plant spniyn in agneuiture, 
prepared by bcnliiig together \>aU;r, lime, and 
sulphur, consist aainlv of calcium p<jl>Hulnlii<leM, 
calcium hytlrnxysulnhydrat<\ caleium thiosul- 
phaio with sulphur licld in Holution. For their 
analysis, sit Kodnar. Cneni. Zeit. 1015, 31), 715; 
Aniilyst, 1013, fil3 j HaiiiMay, J. Agrir. S« i. 
1014, 0, 470. ' The fulluwiiig ih an of a 

tynickl liiue-sulphur spray, sp.gr. 1 3735, the 
results kAiiig cxpn'ssed in graniH |K‘r UH) c e. 
(Uamsay, tx.) : - 

Suli'hur. IJinc. 

Hydnix^milpliydiate assoviated 

containing . O'0 1 1 with calcium 1 ’<m3 


Kn'o sulphur 

23 11 

-- 

Thiuauliihate containing 0*99 

0 86 

bulphate 

» OW 

0 11 


30K;t 

15 50 


Calcium lulphoearbonata CsCS|. Lime 
over uluch coal gas containing sulphuretted 
hydrogen has boon pawed readily absorbs carbon 
disulpnide. Absorption is most complete when 
the lime is moistened with water ; this material, 
when fouir is mixed with an equal weight of 
slaked lime. The absorption of carbon disuT} hide 
stops when oue-ihird of the sulphide is con- 
veiWl to sulphocarbonate Ca8+CS| ■■ CaCS,. 
On exposing the product for a short time to the 
air, it is apin rendered oapabl of removing 
carbon disulphide v 

On passing hydrogen saturated with vapour 
of e rbon disulphide into a mixture of calcium 
nionosulphiue and a little water, the liquid be- 
oomes rra, and in vae^o deposits red prismetM 
▼etj deliquescent needles of co*npositior 
Os(0H),<3sCr„7Br,O. 

VIThen the hydroxy-sttl|biydrate is employed in* 
stead uf monosu'niiide, ywowi crystals or 


2Ca(OH),'CaCS^I0H4O 
I arc obtained. 

I From these facts Vdey (Chem. Soc. Trans. 
, 1885, 478) concludes that the carbon disulphide 
is absorbed by Ca(SH)OU, and not by OaS, and 
that the reactions are as follows : — 

(1) CaS+H,0 - Ca(SH)OIL 
i2) Ca{SH)54-H,0 - CB,3H)OH-fn^ 

(3) 2Ca(SH)011-f CS, - Ch(OH),€aCS,+H,a 

The basic sulphocarbonate is unstablsi, 
being decomposed slowly by sulpbumtted hy- 
drogen and readily by carbon dioxide.* 

When milk of lime is agitated with carbon 
disulphide, bright orange needles of a baaio 
sulphocarbonate Ca(HO)|*CaCS|,OHgO are do- 

poHitctl. 

Calcium sslsnldes. The monoselcnkle is 
' formed as a fiesh-colourcd precipitate by pre- 
cipitating calcium chloride with potassium 
monoselenido. Lime water saturated with aele- 
niuretted hydrogen deposits crystals of caleium 
selenide when exposed to the air. When lime 
and selenium are heated just below redness, a 
polysclenide mixed with calcium solenite is 
formed. 

Calcium sulphite CaSO, is formed when a 
solution of an alkaline sulphite is added to the 
solution of a calcium salt: it is a white powder 
soluble in 800 parts of w’atcr. It dissolves in 
sulphurous acid, and the solution on exposure 
! to air deposits six-sidod nec<Uea of the composi- 
tion CaSO„2H,0. 

The solution in sulphurous acid is known 
'cum menially as bisulphite of lime, and is 
'manufactured by passing sulphur dioxide into 
milk of lime. In Kynaston's process (Pat. 
15059. 1884) a mixture of caJoiuni chloride solu- 
ition, magnesia, and a little carbonate of lime is 
brought into contact with sulphur dioxide. The 
|S()| IS caused to ascend a llag.stone tower packed 
with pigeondiohni brick w'ork, while the mixture 
is allow chI to run dow'n the tow'cr in such propor- 
tions, that from the hose there niiis a mixture of 
^neutral calcium sulphite, suspended in a solu- 
.tion of magnesium chloride containing the excess 
lof sulphurous acid. The sulphite is settled out 
in tanks, the supernatant liquor drawn off and 
concentrated to 4(>®-45®Tw. ; then a quantity of 
alkali waste is added to it in a closed iron vemel, 
Slid the whole heateil, when sulphuretted hydro- 
gen is given off, and caloium chloride, magnesia, 
anti calcium carbonate wPh alkali uindeis remain. 
The latter are removed in a strainer, and the 
emulsion is ready to bo agsm troaiod with sulphur 
dioxide. The whole of the calcium carbonate 
preeent is converted to sulphite, carbon dioxide 
being evolved. 

According to Bimbaum and Wittioh (Ber. 
13, 651), calcium oxide does not absorb sulphur 
dioxkle gas below 400*, but at this tempexmture 
ct>m bination takes place rapidly writh formation 
of a basio sulphite C'atS|0,. or 6Ga0'680« At 
j 600* the gas is rapidly absorbed, but the siuplute 
> splits up into sulphate and sulphide. 

Calcium fUlphate CsBO. is freqaent!y round 
in limestone rocks or ui company wiUi common 
salt in the anhydrous state as the mineral aaAy- 
drtls. Anhydrite occurs both in rhombic ciytteis 
am* in ^ semi-crystalline maariTc lonn. Clear 
ooloaiiew eiyitals are coloured blue by expoeurs 
to fidium* aitd aie sliglk^j phosphorseoent 



CALCIUM. 


749 


when heated. Hoi fitquently tlie aulnhate i» 
found hvdrated as im*ym of 

which the weU-cT>'«t«lliaed form is termeil 
tdenite, a fibrouB * variety mIim and a 

finely cr3r»iallo f^ranular form Si'lenitc 

ocean in fine moinvltnic pn«m», frequently 
twinned tn chara<*terifltio arrow head 8ha|M*a. 

(iypsum la fomul in the K<Mi|ier marU in 
Kottin^bdinaBire, mid at ('hellaAt<Hi in lK*rh> 
ehire. S«deoite crystals exposed to nMltuni aW 
ocN'asionally colmired, in parte, a faint smoky 
brown- 

The £fihydn^its sulphate may l>e artitioially 
obUiiieii in crystals resenibhii^ anhydrite, of 
spgr. 2*9, by fusing calcmin chloride with excess 
of iiotaasium sulphate (Mannuu. J. 1852, 9). 

Hydratod ralciuni stilfriiate is pnMMpitated on 
adding dilute sulnluinc acid or a soluble sulphate 
to an a^jueous sufulion of caiciuiii ''hkirtde. The 
"PKi* g>{Muni IS 2:11. When it is tieatiMl 
to lUO'' 2<Hl^ it gives up thive fourths of its 
uahT rttilier ipiirkly, but it nvpiirr'i a tern 
fMTatun' of 290^' 2 ‘j 4V to rxjK-1 the n'luainder. 
i^ruMl at liSi . the lijdiate 2 ('a.Ml 4 ,H |0 of Kp gr. 

2 7 IS left. The aiih>di'ouH salt fuwts at a ml 
heat without de< otiiptiMitioii, «n«l oil ciKditig, 
assumes the strie tun> of anhydrite. When de 
h^ilrated < ah tutu sulpliate m puiieniMMl and! 
mixed with water, it nhsorlM t>»o iui»{ecuies of 
MAler, and soluhtics to a very hani niass with 
evolution fd heat, expanding in sit ihung so as to 
fill any mould in wim h it m east, due orobabh 
to the outwani thrust of the lath sha|K^d erystafs 
of (he hydrated salt during growth , lienee the 
use (d uxfmiiiti 4ir phitt* r of Ihiiis in prepiiring 
costs if the g\ pHUiii luis (wm ii Ik otod to a little 
over 2tH»®, thus being *iepri\« d td nil its aster, il 
bi'comes dtuiii burnt, and takes up wst4r \tr\ 
slowly mid uithwiit liarthuiing 

('ahium Hulnhah* is vcr> slightly soluble m 
water, the anhydrous suliihalo iM<ing nearly 
imwiliible. Tho solubility ot the hxdrtite attaiiui 
a maximum at 35^, one part <lissol\ing in 393 
[>arts water (Poggiale) ; at U* in JHH parts, and 
ut KH)' in dtiO parts. The solubility is im rcased 
by pn'si'ii'e of hvdns'hiono or iiitnc m ids, or 
C'filondes of aininonium or (KKJiuni, iieiiea its 
prusiuiee in salt springs ; prolwbly in most (sjms 
partial double decomposition has iks iinred. 

Aeeording to Lunge (J ('hem. Ind. 1885, 
31), the solubility of ealeium sulphaU* in solutions 
of wxiium ehlorido iiicreaseM with (he ]»er 
oentago of sall^ but ili#ujiishcs with iiun'^ase of 
temperaturs. 

At 21 -S*. 100 c.c. td a 3*53 p.r. sohitiou of 
NaCU dissolves 0'5il5 gram CaS(}^. 

At 18*0^ 100 e.r.«of a 14*18 pc. wdution of 
NaC'l dissolves 0 7340 gram 

At 101 100 c.c. of a 3*53 p.c. solution of 
Nall dissolves 0*489f gram Ca.S04. 

At W2'or*, KK) c.c. of a 14*18 p.e. sr>luiion of I 
NaCl dissolves 0*8248 gram C^ 04 . 

('alcium chlondo dSnuushes the solabibty of 
r!!aS04 the more it is concentrated, but at the 
boilmg-pouit the concentration is immaterial. 
Ilydiiasliloito add increases the solubility both 
with inciease of tonoentraticm snd of tempera* 
turs. 

Qynsam is readily soluble in excess of sodium 
UkkMolphate. forming calcium thkiimlpbate, 
which combines with the excess of thtrsodmro 
■alt tai form a soluble dodl^e thiosulphate. On 


addition of alcolioU this double salt separates at 
^ a thick heavy liquid, which solijiftes, forming 
' ncedle*thape4i erystala 

Both calcium and barium sulphate can ba 
. eonvenientJy and quantitatively retinoid at a 
temperaluro of 900®- 050* by mc^ns of a dry 
j current of esrlnm monolide. Hraiiction com* 

, inences at OhO^ -TOO®, bo<g>me« vigtirous at 750*- 
I 850**, Slid is practically finished at IHKI®. The 
I reduction w'lth earlion in an attniwpherf\ of, 
' nitrogen Ix^ins at 7tH>®, is vigorous at 800® 

I 1881®, and IS complete KKK)® iHuIl. Amer. 

liisL of Mill. Kng. 1910. 917). 

I A large ex]>eriment4il plant fur utiUslnff, in 
I (lermany. the tliimps of calcium sulpTiate 
' resulting fr<un the neutralisation of excess 
! sulphuric acid in the sulphonatibu piYieesses, 

I eonNists in mixing (he presxcake with eoalapd a 
j slogging material , presumably of the eom|)Osi- 
I iion ri'qiiir.nl to give a eeinhit mixture; this is 
I fed into a ty|ke of rota^Tv' kiln 50 metres long 
I and 3 me(n*H in diameter which is coat dust 
IlnMl The fuinc.s containing sulphur dioxfilo 
; arei chmntHl from dust hy eIectrosta(i\^1licana 
I (iinsatisfactorv at the time) nd are jiassed into 
' the sulphur friotitlo converters cement 

pr(*4bic*M| from the clinker is of satisfactory 
quality. (J. Soc. Chem. Ind. 287, 19* y.) 

Calcium lulpbtte* csmsntf . tiyptum, by* 
drated i^lcium Tulphaic t'iiiS0,,2ir|0, is tbs 
Hource of this class of oemenut, which depend 
for this pr<»perty of |etting on the reaeqaistUun 
of tho water oM^iated with calcium sulphats 
in gypsum. 

*i'he chignlstry of calcium sJpbats cements, 
though much the simplest of that concerned 
with cements depending for their setting on 
hydration, is of cunsiderable dlfiiciilty, and its 
pr(*Nf»nt condif bm is far from definitivif. l*uttltig 
aside conirox ersial views, the situation nmy bo 
lummsr.scd thus; When ( a80|/J!ll/) is hW, 
It loses water, and at a teniimratureoof about 
107® becomes converted into tho homL 
bydrste 2('s«S04,H40. W hen tbis tubstanco is 
niixod with water. It Is hydratod, and reforms 
t’wN()4,211y(), which cryr^Hises first in tho 
orthorliombio, and finally in the monoclJnio, 
s>stoffl. The quantity of w'ater suffielent Uf 
bring the bembhydrate back to the fully hydrated 
coodithm is much Bmallcr than Is m'cessary to 
dissolve it ; buk nevertheless, oompteto crystal- 
lisation IS sccoroplisberl thus : the iieml'hydrats 
rcsilily forms a supsrtaturatcd solution, from 
which not it but the dihydrato ds deposited. 
The water thus reUassd dissolves another por- 
tion of the beroi hydrate, and the proceae of 
deposition is repeated indefinitely until, pro- 
xided ihcro was originally enon£ i water to 
transform 2Cs804,H40 into (^8^04,21140. the 
whole of tho former will have been dissolved In 
detail and denosited in detail in the shape of 
the latter. As stated in the section dmllng 
with PortUncB cement, it Is believed that this 
formstionlol a snperiaturaietf solution, deposi- 
tion of the surplus dissolved material, sod re-use 
of the water for the eoJutioii of another fraition 
of the material is general for cemeute which set 
when mixed with waUf, and, although there aie 
many fspe in fjm proof, yet the bypoibesis is 
useCuL In the c^c}ealoiaminilpbate cements, 
it may be regarded as aril established. 

The beinl-by^lrate BGsIfO.fikfi, cogstHoies 
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'i'ffi ]}ii*tts"r) 4if*; of -cemtmta con^^wtmg 

'^t^^^^^^^n^}n^ty tif ^nhytkyufj e.ijtrium sttl^hste, 
tit^■if sett'irr^ hi itiflufnctd by both thp k‘ia^>erii* 
tMr« -afc %vi4v'it tbov bavd Imm bvirat and by 
i|-H.' |ir«agfiri# in tlicm c)f smaU quantities of 
Hiibai-u.nce^J otte^'' than (’aS 04 ,, thb moduli ^ BBHBy cW 
of whif^h k exreediiigly oJ'meurtu ^ In 
wbainver pkqKvred,^ final 

orufrtatHlint. aflrring a I'Utlt o<'fimt 
in tfu%'Ti=^o -nf tOEivO'»rivtnre at 90*^ Cl, an^f u»»*-b*-i 

#*i>iiif»i i^fowtlillont nunlfcf'i* liall ak ini'*# There . ^ 

i« alifi ai*' Invetwittft In bit plitstei «f l*ftrw * 

l'|k ti |tl »l ifll* ifeii«l Wll ifg, pressure, the pruliar ftmngci 

thoUL'h U‘M' ietri|K'falum : -tay he mi^^ed to iHik)' which lues twelve f)p 

wltlwiii lltfe, iinwttm I'wuhg eomilele. Jn . gyiMuni bemg atriwil 

tirruuin ]jrEtet» the ma^Elmuin teinpemture eir-Mtltifioit of the < 

k l^lh^ Itt Kflgiy» pmellee lUf-VMf, firing is eontlriwed fc 
WHi i'li Aht^irteati SW® n^» Ij k^aehixi. These heat Is inew«ett tor 

fl1ii'toroiinc^i fWti |in#sfshte oeciwuifl ©f the rate are cloaeti* and *>•4 

i)\{]u('ut:<‘ of tiie • amJ U-'inperatnre on the inver- uyp«un> |)Owder spie 
jMuf the shAvneHS whth whieli gypsum und ! tfie bunhug ^ulphEvie 
ple-Hicr develop their true vsipomr pressures. | able HEtving of fuel i 
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«nd Hacking, Dortfnnd, is a roiaiy kiln, with j It will be seen that Kccno's cement is almost 
mill and furnace arrangjd similarly to thuee of 'ehemioallj pure Gs$04, the quantity of sddtM^ 
a cemen^ works. The barrel oven of I^6rLn of matter, stt^ as alum, being itbgtigiblo. As 
Paris is s'* revolving cylinder, supported upon ; mentioned above, the function of Ibis and similar 

IkfkII.'knr fvnmmirkna vbIi.aK aiiaii ■■ la A\1W — A.. 


hollow trunnions, one of which aervee for tlte 
entrance of the heated gases from the furnace, 
and thetqther for exit The charging is ^r> 
formed from a hemper placed above througii a 
trap-door in*the mdo of the cylmder, which 
similarly serves to discliarge the niatcrUU when 
burnt. The Mannheim Reiner is provided 
with a pre-heating chain l>cr. which is placed 
above tuf rotating cylindrical furnace. The 
crushed gypsum is passed through the fonnor 
by 'means of a worm conveyor and then into the 
rotating cylinder, whilst the hot gases from the 
furnace pass in the op^xwito direction. In 
the Cummer notary calciner. which is much 
used in the United Stales, the rotating cylinder 
is Burroundeil by a brick chamber, into which 
the hot gases first iiass. and am rtsluced to a 
suitable temperature by cold air through inlets 
in Iho walls tieforo passing through the calciner. 
Other ovens are mode stationary, but nn^ t»ro< 
vided with revolving screws or vam^s, which 
servo to keep the ground gypsum in constant 
motion, and also to disibanie it. Some ovens 
are hcaUnl by means of supi^rheatcd steam. 

In all cas<*s the U^miieraturo must Ih) care* 
fully regulated so that only the hemi-hydrate 
is obtained. On account of iho fact that a 
considerable quantity of water has to l>e driven 
off, the temperature of the source of lu*at may 
be and in practice is considerably higher than 
107®, but the tem]X2raturo of the mass of 
^psum must not be allowed to rise above this, 
lest complete dehydration occur. 

Plaster of Paris varies in composition accord- 
ing to the purity of tho gypsum from which it is 
maile. Tho following analysis) are iilusCrativo, 
and/or comparison the composition of the homi 
hydrate is appended 



Calcium tulpliatc (CaHO^) . 
W'ater lO) . . 

Silica (.SIO,) 

Humina and ferric oxide l 
MagncsiumcarbonstetMgCUt) 


Keene’s cement Is usually made in this 
Dountty by first bamkig the gypsum to the con- 
dition of plaster of Paris, dipping tbe lumps 
In a solution of alum or of alununium sulphate, 
and rebuming at a temperature of about fiOO®, 
the operation being conancied in ovens in which 
the fuel is prevented from coming into contact 
with the material, so as to avoid aiscolouration. 
The following is a typical analysis of Keene’s 
cement of go^ quality 


SOioafSiO.) . 

Alumina (AKO*) 
Luiie(GaO) . 

Magnesia (MgOl 
£iluS^ai£ydride(80.) 
eWbonie anhydride (UOt) 


Per ocQt. 
, trace 
trace 
4204 
trace 
6^*54 i 
1-37 


Editions is obscure, and even the ndbessity for 
^heir use appean doubtful because flooring 
plaster {Xstrichgi^) is ppiud by burning pure 
gyp«uiu at about 1^)^, and. iliough destituio 
m alum anil the like, set# well. Mack's cement 
is prixiuml by adding calcined sodium sulphate 
or iH>tajftM)iim sulphate to the completely ^do*; 
bydratiHl ffviiaum. Miwtui's eemeift is pre- 
pared like KiH^ne’s, but a solution of potassium 
Oarlmnato replaces tho alum. 

There are many different qualitios of plaster, 
but all are of tho tyiw of pla.stcr of Pans, or of 
Kcenw'a cement. The former set in, a few 
nimutes, whilst tlie latter take suveAil hours, 
and os the rate of setting of plaster of Pans is 
inconveniently rapid for r'*jme ptirpom's, ‘re- 
tarders,* coiiHiHling of such organic subHlnnces 
os glue, bliMKl. and vegetable jiiiiTS, are often 
addiHl. ’Diese substances of a colloidal nature 
probably act by obstruefing the growth oP*tiio 
or^'stala of UaS04,*2H||0, i*nd thus i^i^jjlhying 
the process vf liydration, and, con!tc([iicntly, 
the setting. 

The chief uses of plasters made frop' .calcium 
sulphate are for inakii'^ castings or mouldings for 
interior ik'ooratioil, for which their white colour, 
consjnenous in tho purer • • .fls, and their 
expansion on setting and causing the production 
of Bhnr|> nutlincsf lA'cnlitirly .adapt them. t)ti 
account of tho Holiibility of calcium snijihate in 
water, tlicso plasters cannot be used fur outdoor 
work. Minor uses are for making moulds for 
any material which can Iw cost at a Hiinicicntly 
low timiiKTalim^ for mak.ng surgical support for 
brokiMi limbs, and, as an addition to Portlaiul 
oenicnt, to lengthen its time of siting. 

Acid calcium lulphate ( luSt) J 1 ,S( ) 4 is f wmcxl 
by heating tho nrulrai suljihato wi^i sirilhg 
sulphuric acid to 80'*-I(X>’*. A portion of tho 
porous mass jinxlnced dissolves and siqiaratcs 
on cooling in microsconio prisms of tho com- 
position above indicabMi. It is deconipoiiefl by 
watiT, even tho moisture of tlie oir, inbi gypsum 
and sulphurio odd. 

Calcium lodlum sulphate ('nXag(Kr)4), occurs 
native in rhombic prisms as llio niinoral fflau- 
berite. It may bo obtained in tho saino form by 
fusing together calcium and sodium suipliaU^a. 
On heating CO parts sodium sulphate ((jlaulx^r's 
salt) with an emulsion of 1 part wpsum in 
parts water to Wi®, crystalline needles of 
C*aS04*2Na,S04,2fr,0 

are deposited. CJn further beating, crystab 
are transformed into niicroscopio rhmobohcdiul 
crystals of glaubcrite. 

In tho Welsh process of manufacturing so- 


of glaul^Ate have bben noticed by j^oUf^rd 
(Cbei^ News, 43, 6) to separate oat. This 
exp'aini why calcium sulphate so,)teQaoioasly 
retains sodium sulphate. 

Gakiiim ptU«lum iolpliata 

dso^yi^y^KiO 

ooonis native in monocUaio crystals aa ffpigeniUm 















